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TO 

YAY 110oe2 EDITION GSA GEN. REG. NO. 2J 

L"NITED STATES GOVERNMENT 

Memorandum 
See list below DATE : MAR 7 lS6S 

68-PA-T-54A 

FROM FA/Chief , Apollo Data Priority Coordination 

SCBJECT: Sixth "C"  Mis sion Rendezvous Mission Techniques meeting 

l. This March l meeting conflicted with the President's speech but a few 
of u� dedicated jokers pressed on as follows, 

c' , It had been stated that e,ll "C" mi ssion SPS burns would be performed 
::n a heads down attitude (that  is ,  180° roll ) . Thi s  presents a problem 
on one or t'<IO of the SFS burns in the rendezvous sequence--I"!CC1 and maybe 
;;cc --si nce to constrain ourselves in that way would make it impossible 
to �o the final sextant/star burn attitude check,. These burns are 
r;:z:pe:cted to be within 15° radial which makes heads up/heads down rather 
meanin13less anyway, except for the FDAI 8-ball presentation . Phil Shaffel' 
checked with Tom Staff'ord and got agreement that the attitude check "as of 
more value than the standard 180° roll ind ication . Accordingly, it is our 
plan to make NCC1 and NCC2 (if it is downward) in a heads up attitude and 
�nclude the sextant/star check in the sequence . 

__,. 1'\f; reported i_n the last meeting ' s  minutes it is our proposal that if 
n pJ.cttform failure ir, detected just prior to NCC , it will be ne cessary 
to cic�lay the rendezvous exercise a day. This ruting does not necesssri ly 
npply to the PNGCS attitude tests prior to NCC2 and NSR since afte1· NCC 
hac; been performed we are committed to the rena:ezvous exercise . Accord� 
inc;ly, if we can as sume the GDC is  a ligned we probably should press on 
\'<':Lth tile rendezvous us:i.ne; the SCS, at least through NCC2 and NSR. 

1;. Apparently, conr;iderati.on is being given by someone to extending the 
launch window. In particular, it is apparently being proposed to launch 
earlier in the day . It appears to us that to launch prior to local noon 
'"ould preclude making a platform alignment between NCC0 and NSR .  Tbis  
alir�nment is thought to be essential for terminal pbas§, Accordingly, 
Yie would like to request that very serious attention be given to tbis 
matter prior to choosing a launch time earlier than currently planned . 

�. An i bE:m came up concerning real time selection of the elevation angle 
t.·J he utilized in determining TPI time. As you recall, it i s  intended 
t:J utilize the elevation angle option in the TPI targeting processors 
';1ch that if everything works properly TPI will occur '"hen the line-of
:::jcht to the target vehicle coincides with the maneuver thrust vector 
(Gpacecraft x-axis ) ,  According to Ed Lineberry, if di spersions in the 

B11v f l.S. Sa11ingr Bond.r Rex11lar�y on the Payroll SaringJ P/m; 



• 
2 

'>r,, .j•cc r,rJr.; arc not taken into account in de signa tine; this elevation angle, 
thr: thr:1::t clirecti.on at TPI will be substantially off the line-of-sight. 
The clr:vat.Lon ancle adjustment should be less than J0• Apparently, the

. 

RTCC/MCC is capable o:f determining the optimum value by means o:f manual 
iterati.on. Since the e:f:fect of this on crew TPI backup charts may be 
unacceptable, FCSD wa:3 given the action item of checking into that. 

' Anoth•:r act.ion it•cm assigned the FCSD'was to establish which was more 
::-,�.oY'�:8.n 1;---lir�h Ll ne cond i t.i ons during the brakinr, maneuver or thrust 

·:·': ': tr, , coinc:crknt H.ith thr" line-of-sight at TPI. If thc·lightin�� condit'ons 
· ·"• u,r, mon: c r itical , it may be necessary to include a decision point in 
•.Tc' O]Ycrat.i.om; to ar;sure proper lighting at braking by not allowi nc; the 
·.::::oi t.cmc to ::lip more than some specified amount---probably about 10 minutes. 
I:!:' :_.r,r' 'I'PI t�me based on the elevation angle option slips too much the crew 
·..rouJ.cl have to utilize the 'l'PI "time option" for targeting. Qbviously .• the 
•leci,;ion v1ould have to be made onboard the spacecraft after sextant data 
nad been :Lneorpora ted into 

'
the PNGCS. 

T. 'Ehr,rc; h•Jvc bc·en a numuer of comments regarding the TPI backup charts 
8.nd their w:efulner;s on the "C" and "D" missions. At the next meeting, 
c·..;rr•;ntly r;cheduled at 1:00 p.m. on March 8, we will review this subject 
':.n) try to cstabli.nh th:.: role of the PNGCS, MSFN and backup charts for 
-:r:': 'I'PI rnanc;uvc:r. 'l'he primary quentions to be answered are: shall there 

S:vccn be TPI backup chartn, and if there are, should they or the MSFN 
::or.;putation for TPI be used in the event of a PNGCS failure. It is 
:vi dent that in ei the:r case the subsequent midcourse correction ·Hill have 
':o .. oe 1JU[;ed on charts, since the MSFN has no capability for computing that 

nancuvcr. 

Addressees: 

(Sec attached list) 



OPl IV<'-• r-Of<, .. "Q. 10 

MAY 1982 EDITION 

GSA GEN. REG. NO. 27 

UNITED STATES GOVERNMENT 

Memorandum 
TO See list below DATE: MAY I 0 1S68 

68-PA-T-99A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: "C" rendezvous open i tern clean up 

l .  Paul Kramer, Phil Shaffer, Duane Mosel, Ed Lineberry, and myseL' 
spent the morning of May 'T trying to close out major open items 
remaining on the "C" mission rendezvous. These items were : 

a .  Hm; to handle an excessive slip in TPI time. 

b .  What kind of cross checking and backup modes should be used r'oT 
the TPI maneuver . 

This memorandum briefly summarizes the results of our d iscuss�on . 

2 .  First of all, le t me point out that ,,..,;thout radar, it is important 
that the CSM does not approach the S-IVB lvhile in darkness since range 
information is only obtained visually . Also, the sun must not be too 
near the line-of-sight - i . e . ,  in back of the CSM - during braking c:'or 
the same reason . These two constraints can be used to establish a "•·;indo•v" 
of acceptable 'l.'PI times to provide optimum lighting during the brakLng 
phase . 

a .  At this meeting we concluded that it is still best to locate 'ITI 
at the midpoint of darkness nominally. 

b. In addition, we have specified that tolerable slip in TPI t.Lme 
is from 12 minutes early to 18 minutes late about that nominal time. 
That is, if the onboard solution for TPI time , based on the first sextant 
rendezvous tracking period following NSR falls within that period, no 
steps will be taken to change it. ( It is currently estimated that the 3.r 
uncertainty of' the onboard computation of TPI time at that point i n  the 
misr,ion is �· minutes. Exceeding the bounds listed above by�· minutes :Ls 
not unacceptable.) 

c .  On the other hand, if the predicted TPI time slips earlier :.hen l? 
minutes or later than 18 minutes, the TPI elevation angle rill be adjusted 
as necessary to bring the TPI time back to the closest bou1d . This is done 
as follows . I,et us assume that at the end of' the first tr:icking pe1·�od the 
TPI time is found to be more than 12 minutes early by havi·.1g run throu:;h the 
TPI program (P34) using the "elevation angle option." P34 would be rec"'..leu 
using the " TPI time option" and the cre\-1 will input a TPI t:ir.,e; exactly L' 
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TO 

FROM 

OPTIONAL FORM NO. 10 
MAY 1962 EDITION 
GSA FPMR (41 CFR) 101�11.6 

UNITED STATES GOVERNMENT 

Memorandum 
�;(:(; list below 

PA/ Chief, Apollo Data Priority Coordination 

DATE : JUN 2 5 1968 
68-PA-T-138J.. 

SUBJECT: "C" Rendezvous W-Ma trix 

Th:'..s memorandum is to i:1form everyone in writing that MIT has nm-1 
agreed with MPAD that it is acceptable to use the same values o:t' 
the W-:trJatrix when reiLitializing (after three marks of the last 
batch of marks between NSR and PTI) as are used initially. That 
is, it is not necessary for the crew to punch new values ir.to tne 
DSKY - a clumsy procedure everyone wanted to delete if possible. 
I tho' nk Pacl Pixley is to be commended for finally getting MIT's 
agreement to this ere'" :procedure simplification. 

'l'he uctual valv.es to :Je used initially - that is, the pre-launch 
erasable load values - have not been finally agreed to ye-c, but 
that, v1jll not affect ·�he crew procedures, Today's best e;uc_;ss is 
lCOO foot and 1 fps. 

It is recommended that the flie;ht 
documenting crew procedures, etc. 
immediately. I have 3.lready told 
Don A;·neche. 

Addressees: 
(See list attached) 

Pi\: ifVI'rinclall, Jr. : j s 

crew and those respons:'..b::Ce for 
adopt this mission techn:'..ques 
most of those concerned ·oy the 

Howard W. Tindall, Jr. 



TO 

FROM 

OPTIONAL FORM NO. 10 
MAY 1902 EDITION 
GSA FPMR (41 CFR) 101-11,6 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief', Apollo Data Priority Coordination 

DATE : JUL 9 196S 
68-PA-T-153A 

SUBJECT: Good news on "C" mission SPS burns 

The following is  a verbatum copy of' a note to me from Rick Nobles  

(MPAD) . I thought it  worth distributing. 

"The cross axis velocity errors resulting from SPS mistrim 
(CSM alone) will be about one half' of what was previously antici:;>ated, 
The reduction in error is due to the new DAP filter constants that 
the G&CD is recommending for the "C" mis sion erasable load.  The only 
adverse effect is  the mis sion planning that has been done to date ."  

PA :HWTindall, Jr . : j s  

Howard W. Tindall, Jr . 
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TO 

FROM 

SUBJECT : 

OPTIONAL FORM NO. tci 
_MAY 1962 EOlTION 

GSA FPMR (41 CFR) 101•11.6 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief, Apollo Data �riority Coordination 

DATE: JUl 2 3 1968 
68-PA-T-162A 

"C" Mission Retrofire and Reentry Mission Techniques meeting 

On Friday morning, July 19, we had a "C" Mission Retrofire ana Reent::-y 
Mission Techniques meeting to clean up some open ite�s. It is evident 
that a distribution of correction pages to our previously distributed 
Mission Techniques document will be inadequate and it is our curre�t 
plan to republish the whole book, Some of the most significant itemB 
resolved at this meeting are described in this memo. 

1. It has been established that the G&N guidance sys-cem will ·be 
used in the event of a hybrid RCS deorbi t. (A hybrid deorbi t is o:-,e 

in which both the command module and service module RCS jets are used.) 
The retrofire will be targeted for a half-lift reentry, 

2. It has been established that the G&N is mandatory for perfo�r.��2 
a hybrid deorbit; thus, if the G&N has failed and the service module 
RCS remaining has fallen below the return-line limits, the only remaining 
system for retrofire is SPS using SCS control. Accordingly, there is a 
mission rule that retrofire will be performed t0 land in the next best 
planned recovery area (PLA). 

3 .  It has been established that if insufficient time is available 
for a fine alignment :prior to retrofire, the ��will be used with a 
coarse alignment if that can be done. Current estimate is that a 
coarse alignment will be to within 20 on all axis, which can result 
in as much as a 30 mile landing point miss. 

4. In the absence of response to our request for better nu:noers1 
we have established te1e following limits beyond which the G&ll will ·be 
decla�ed No Go for reentry and the backup system will be used. The 
DSKY VG displays must be within 1 fps and the gimbal angles must be 
within 1o. Guidance an<i Control Division and MIT people please pay 
particular note. 

5. Apparently the procedure has been established that commana 
module separation from the service module will be :pe:c·for,c.ed fo3.lowi::,c; 
retrofire while still in the SPS thrust program (P40). ·J:his is to 
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TO 

FROM 

SUBJECT: 

OPTIONAl. FORM NO. 10 
.... MAY 19152 EDITION 

GSA FPMR (41 CFR) 101-11.15 
UNITED STATES GOVERl';MENT 

Memorandum 
See list attached 

PA/Chief, Apollo Data Priority Coordination 

DATE : JUL 2 3 1968 
68-PA-T-162A 

"C" Mission Retrofire an<i Reentry Mission Techniques meeting 

On Friday morning, July 19, we had a "C" Mission Retrofire and Reentry 
Mission Techniques meeting to clean up some open items. It is evident 
tb�t a distribution of correction pages to our previously distributed. 
Mission Techniques document will be inadequate and it is our curre�0 
plan to republish the w�ole book. Some of the most significant items 
resolved at this meeting are described in this memo. 

l. It has been established that the G&N guidance system will ·be 
used in the event of a hybrid RCS deorbit. (A hybrid deorbit is one 
in which both the command module and service module RCS jets are used.) 
The retrofire will be targeted for a half-lift reentry. 

2. It has been established that the G&N is mandatory for perfo��n� 
a hybrid deorbit; thus, if the G&N has failed and the service module 
RCS remaining has fallen below the return-line limits, the only rerraining 
system for retrofire is SPS using SCS control. Accordingly, there is a 
mission rule that retrofire will be performed tv land in the next best 
planned recovery area (PLA). 

3 .  It has been established that if insufficient time is available 
for a fine alignment prior to retrofire, the G&l� will be used with a 
coarse alignment if that can be done. Current estimate is that a 
coarse alignrnent will be to within 20 on all axis, which can result 
in as much as a 30 mile landing point miss. 

4. In the absence of response to our request for better nu:nbers1 
we have established tne following limits beyond which the G&lY will ·be 
declared No Go for reentry and the backup system will be used, 'J:he 
DSKY VG displays must be within 1 fps and the gimbal angles must be 
within 1°. Guidance and Control Division and MIT people please pay 
particular note. 

5, Apparently the procedure has been establisned that command 
module separation from the service module will be pe:r-for:'1ed followi::-.g 
retrofire while still in the SPS thrust program (P40), ·:Chis is to 
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keep Average G on during 'the separation maneuver without having to 
wait one minute as  the en-cry programs are currently coded . The en-cry 

programs (P6l, P62, etc. ) will be sequenced after separation.  Thus, 
these prograJr..s are being used in a completely different way than -chey 
were des igned. 

6. IMU PIPA and g0TO drift compensation values  are monitored con
tinuously by MCC-H. It has been established that if the values currently 
loaded in the G&l.IJ" are in error by more than .003 ft/ sec2 and .075 ° /hr, 
they will be updated in the CMC . 

����t 
Howard W. Tindall, Jr . � 

PA: IfvJTindall, Jr . : j s 
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TO 

FROM 

OPTIOWI.t. ftOR.'¥1: NO. 10 MAY 1862 como."' 
G$_1.. FPMR (41 C�) 101•11.6 

UNITED STATES GOVEF�NlVIENT 

.lVI ern or and um 
See list attache6. 

PA/Chief, Apollo Dat�;. Priority Coordination 
68-PA-T-l67A 

SUBJECT: July 19 "C" Rendezvot:,s Ydssion 'l'echnigues meeting 

J:i10-i00 

A:;_though rnost of the thi�'lgs discussed in ou:c Fr:::.day, July 19 !ten 
Rendezvous l1ission �r:ect..s.'1iques meeting are no·c of gene::.�al i.nte�estJ 
there were a couple cd: tnings I would like to let you know abou·c. 

First of all, in an E:fi'ort "co reduce the pro·babili ty of having to 
make the NCC2 maneuver, which would be an extra SP3 burn, it ;;.as 
been decided to trim the NCCl /l V residuals if they are less 'Chan 
10 fps. In addition, the time of the NBR maneuver will be adjusted 
in real time by as rct.ch as 30 seconds thereby changing the differ
ential altitude. ThE:se two new things together should be adequate 
to maintain the norair�l TPI time, which is the pri��ry objective in 
targeting ·chese manet:.vers. The nominal dL�ferential altitude, yo'J. 
recall, is about 7.8 n.m. and it was fir.ally agreed that accepta·ole 
targeting ·bmmcis are from 7 n.m. on the low side to 9 n.m. on the 
high side, These ad�ustme.o.t limits give us a capability of adjust-
ing 'l"'PI time by about 20 m:'.nutes to account for dispersions. Using 
these procedures, it will cmly be necessary to make the N'CC2 bu:c-n if -we 
encounter dispersiom. far in excess of those expected. 

Something else which has been changed is trillt the elevation angle 
at 1�I is considered more sacred than any lighting limits at all and 
should be retained at the nominal value at all cost even though tb..e 
so-called lighting limits are violated. Previously the ele"V-ation angle 
was to be changed if the lighting limits could not be met. 

Another important micsion rule adopted now is that the rend.ezvo·J.s exercise 
will be terminated if the G&N fa:lls prior to NSR, and probabJ.;y will oe 
terr:1ina ted any time the G&N fails. T'nis is to conserve SM RCS and permit 
flying a full duration mission. 

The changc:os to the mission techniques are relatively mi.nor and it is 
pro·Dable that it will not be necessary to reissue the entire document. 
Rather than that, we will probably distribute change pages of some sort. 

PA: :'i'tlT-.i.ndall, J·r. : j s 

� -" . 1 . vJa-J1.J ��Y? 
Howard VI. Tindall, Jr. 1 
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TO 

FROM 

OPTJCNA1,. I'OftM NO. 10 
MAY 1- EDITION 
GSA "Mfll (41 CPR) 101•11.1 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief, Apollo Data Priority Coordination 

DATE : October 16, 1968 
68-PA-T-222A 

SUBJECT: C' maneuvers - SIS versus RCS crossover 

Neil Townsend (EP2) informed me by phone - and will supply written 
confirmation - that the minimum duration SIS burn for C' should be 
no less than 0.5 seconds . We had been assuming something smaller . 
According to MPAD (Otis Graf, FM7) this makes the crossover point 
between use of the RCS versus the SPS engine : 

Translunar midcourse correction - 5 fps 
Transearth midcourse correction - 12 fps 

These values will be explained completely 
distributed . I just want everybody to be 
to start us ing them in his planning. 

PA :HWTindall, Jr . : j s  

in  an FM7 memo soon to be 
aware of the new values and 

Howard w. Tindall, Jr . 

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



TO 

OPTiONAL P'ORM NO. 10 MAY 1982 EDrT'JON 
GSA P'PMR (.tt o-R) t01-1!.8 

UNITED STATES GOVERNMENT 

Memorandu:m 
See list attached DATE : December 6, 1968 

68-PA-T-266A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: C' Abort M9.neuver Overburn Monitoring 

In response to a C' Miss�on Techniques action item, Rick Nobles 
informs me that they have established the burn monitoring procedure 
to guard against overburn during any non-nominal C' maneuver. As a 
standard procedure the crew should manually shut down the SPS as soon 
as the duration of the burn exceeds the nominal value by one percent 
and the EMS �V Counter indicates an overburn of one percent over its 
nomina�.reading. The nominal value of burn time and /iV Counter 
reading· are included in the PAD messages and block data relayed from 

the MCC-H for all abort maneuvers. (Current Mission Techniques 
Documentation reflects this procedure, ) It is to be emphasized that 
this overburn monitoring procedure is only for the non-nominal maneuvers 
and does not apply to TLI, LOI, and TEI for which specific techniques 
have been developed. 

Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:js 
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TO 

OP"(IONAL ;--OR�.� O<-J. 10 
�1AY 11:�� �,:rna.'< 

/ /' ) / . /" ,-, ( ",' (/'; "" ,-
�L >/ --� ,_/ w0 _>" \ ... / � '-� ../ i; k-/ -�_,/_/ , __ /._/ J./ ... ' ,,_/ 

SCBJZCT: c' __ v 

-- v :3 ....,--,---._:_J c ..... '--�c� v" 

:::-cac: ::ed c.z:t."eemer: t. on h..:n·/ tL:e �'��G2 sl:ou=-.c ·:.,c: used throt.:.g�c:;_ � �:-�c:. t 

p�l-S.Se J ._,,::__ -ch one rn:...r1ol' cxcept::....o:c." ::c-c :....s c..l� ... Jased o·r. t�-::.e g:c-c·�;.:-.:c� 
tha�c. c� tt:�s m.iss::....o::1 ·L;...e �-G-S sl�ould. ... 8e r:;s_::....�1---:;a::....ned ::....:r... :::-�c...:� s-c2.:..:e 

Vr _ •- .� ".-'"
�-�� ........... -'---" ·· 

It vrs..s L:.J �2-8. that if> 
in accc-l�dar:ce \·Jith tta---� croun=.. :rc.::....eJ it is yoss:i:cle to 

inc:· .... de scrr.:e AGS systems 

o�her mission o�jectives, 

p�--=-.::�:::�· j -'"'-=� �-�_us t 
eve-:'--� t.:--.:.e Pl-�GCS fails .. 

2. C;.:--_:_ecki.ng o:..., 

tes�s ��i�hout jeopardizing crew safety or 
they wo;_;_lG be considered. 

i� oyti:-:�:J..:--::. s -cate to take cve:t· i:_ l.::e 
s.pplJ....es to s.�}. rcz.:::euverS---CSI> C�::-: 

-
.-

-..--.
�

---,..,--
-

·- ·-\....C,..;.. QC: '-'---�:. 

=":cc: ... -:. c-�:'J:;:-::-· sot..: ... :rces ,. st ... ch as -c�_:_e A:::S; "':Ja..c·:�:J.."' charts or the CSI·.-:j .-. ___ _ 
no--: ... .:e :��c:,de to cor:>J.!:.:.i t --co the P?-TC.CS" Inc-:: �-YJCS solutior: T-"ill -oc � ·. 

r:rc>/:"....�:...::.:.; it is ;-Jit: .. ir� accep·Cable =--�r:lits cf· ·c�'le l�lSF:\i solut�o::. .. 

yo :3 �� _:__ ;J:2..2 exceyti.o:c. he:�e 
st:�·.�...---:£; .::o:-:....ut=-.ons to the 

,,. -, \.).J__ 

'J:PI -S2lts ... ·v co:-c:_J:J��-.en-::s :perpenCiicular :..o 

(c) .-J�.S e.lignrc.c: .. ·:s \\'il=--. be rnade es.ci �:;_r:-_e t:le ?NGCS is :'es._:_, __ ,_::;..__ 

s.r_c ec::..c� ti: ... 1e the st.s::.e vector in -c·�'le AGS is updateci f:..--o:n "'.:he ?��·:-:_::� 

\ ,_.;_) inpc..t into th.e ACS as lo::g as 
In effec C, it is o-:Jtaining Ot�nefi t of the re..da:." '.r::...c. 

2-�at-2 vector ur>ie.-ces since t�e J?�'JGCS is processir.:.g the �e.cs.._· 
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c. -.... ·.:::.r. -::-. � . '-"-''-'-'"-V.. v-.....-.... j 

:::_:= not;· � r_e co::-:-uJ.and mcd1.:�le v;oc..�C. execute t{'.:.e JYiSFl\ de :ta V t s 11.s i�-::.0 :::__ �s 
o� .. ,n .... :�::e o-::.' :::__gn:� tiorl. 

(b) ��'le comr::.ar:d nocule �-!o·___:__:__c. vo:::__ce :c-elay to the 12�1 the Y:12::e:..::."'v""e=:-E. 
it has execJ.ted in orC.e:t -cha·c tc..e I.)1 crei.·<' could upda-ce the co::;:n.s.�.LC. :-:�c-C:..:..le 
stati3 vectors in the IJGC us::_ng the Target Delta V program. 

6.. 1<1ould like to present here the ra-tion::-J.=-.e for maki:1g the corx:-z�1c 
mod·--i=:..e acti "�te for TPI ar.:.d mid course �1heE only the rendezvous re.da� is.s 
fa:::_::...c=C � The justificat:�on is Os.seQ on assur in g O"J..rselves the 
capB-Ji.l:'_ ty o� r0..2.�-:ing 2� good r:;.idccL:.:r:-se coTrect:::_ on subsequent to �� 
��,r_:_c::: -�;:_- ext:::eme�Ly im�)ortant si�ce vJiiJ: :::o ra::.ging device <:te Drs.:..::_::._::::_�� 

r:::2.�-:e�_:vel� i.s go:..�'1g to 1Je very di.f�":;_cc.�l� i'o:.:-· the L}·l to do� T::e ;(::oJ_e 
�co:�l:.-:: 2.s .o�:'le.t o::::.ly the conLrne.�ld rc.odt::.�e is a-.::;j_e to rnair.!.tait: a closeC '2..co� 

�<::::lc·-... =..ec.ze o::' tile si�ua-:::.io::-1 (-,.�i��h ikcs sexte. D·� ) anG :rBir:-:c.in a::--_ '�;-i:c-�.:::-..�-:e 
ve::::-:.ors -co 

:.-�:.::.�c:_:_vc::· � :8'--��rthermo:rE:) it � ::; only a Ole 

?PI �r;;:�:;.e·�:ve:c; so tha � its i?EGCS se:c3e s ·che.t teo, 

does not use a g:::>eaG C..eal o:· cs=·-1 B.CS pro�;e1lant .. No1-.1:-::.e:::·e 

really large :?.CS dri::11.::e:r---·c:-:-·a.ki:::1g---1tli =._1 also 

c�-: ;:,y t�.:.e IJvL ��e reaso::1 �·or that ;  of cou:rse ; is tb.at since the ��·� 
'.-.·il�L be cor:L: .. ng in fron ·:JelO'"tl) vie-oi:J.g tl--::.e cor:cc.a.r..d :nodule e.ga�.!':st .._-_ ::o -...c.� 

Q;.:;.c:�-=---3=-�c-,;_nC.1 it will be: ir: s. much ·better· ��os�:...tion to <io the bra�-:::::; 
r:..s.:_e-�ve:::-·.. Iu ad.di tion; 'de �.-�auld prefer -ro save CSM fuel \\'here poss:l'.:_2. 

�� _:_-.n cbvio�s s.ddi t::.onsl acivan-:::age to th�_s is that --'- '-' kee�::s t(_2 
·:JrcceCi.u::2s s.s s i mple as possib le in th�.s 2�'"'i�ical situation.. =n 

,', ___! _ _  :.._ -

0. 

ri�. bc:cn carr�c�cJ ou� .. 

rc qu J.Te a 

v1hich a grec..t C.es.l of pls.::-1�1i�g ar::.d .... _ ... 

On the o·;:her h.'J.nd ) fo2:' the Lr-�: co !�:.-�--;. \_'--: --�::�; >.-

grea·�-, ic�"l�L of' coordination ar.:.d :::o:��-:.:.�: _ _:_�:-=-- "-· c�-� 

��-.rc�=�s he:.vir.:.g to p::-e:)are procedures c.�:c t:::aining -f:or this speci:::..l 

sit·�at::..on.., 
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the most sts.j:tliT:.J co:J.clu:3ion :re&ched to�.3.2l� 
�_:,�:c Ll< ?IJGCS i.s 1·.-·or�t�ng ln.�t ::.. ... c�1dezvo;.;;.;:; :r::.:Lda:c hss failc:;d, --;,.,re :-.:.:::��.r-:..: c.:. 

se:::.--�.on::.� pTol)lcrn ·h1i.th the IJft s�:.ncc LO exte::c-nal ds..ta ·Hill be ::_nj!J.."G �co 
In ��is c&se, 1� is 

O:.ll' ::·2cc:rJ�:cnda tion thf:L t tC.e ::..: c2::.rt::.e .. :.;Cl mod"L-:.le 0::xecu �ce th2 ':?I o..:..1.C su.Ose

c�:..cL·�·. �::::_'"'�cc'J.:::�se coTrect�o:"1 IL2nec..vers c.:Cdthe LI'if C.o -::he b:."aki::J.g 

<c./ 'I�e cor.ToJ..G.nd r._oC:�le ��'o'..:l-d co:xps.re :._ ts I?I solu ti.on '"1,,;::...-:::l --.:;:J.e 
l:-1Si.�l,_:·.. =� the comya:--iEOL is favora-ble t�.oat r:£..:..'1euver ,,.roulC. -;)e e):ecutc�� 

-c�e ccmrnand :::c::eS.uJ..e •.-iould execute t�.:.f: �viS2E delta V' s usil-._; i-::,s 

own �iL� of ign��ioc� 

(C.) ·=·:l2 co::nr0n.d n_odu le 1·/0iJ .. ld voice re�:...ey t�o t(.:.e LJ:.� �te 'r:'"'l.a:r.e:...:.ve:::_"2 
it �12s cxec:u.�ced in o�C.e:- tho..T, tLe L�·� cre•.-r could upoa-.:2 ·che cor.tEal.:� :·::c.d;;.:..e 
sts..t2 -;lecto:rs in the l:GC usi:n.g tie ·='a:_"ge-c :Jcl-ca V :p:::'ograr:l;j 

6. -:�:oc..ld. like to :prese::1� tere -che :::s. -:::..cr::.e.le for rc.akir::.g 
' -·c::e cc::..:,:L::�::: 

mcC.\.:��-2 c.cvi ve :for 'I'PI and midcot:..rse '.·ihC:Y".:. only the :cer..G.ezvo:...::.s 2:'aC.c.:: :-_s.s 
The jus�:_ficc:.ticn is -ba seC. en s. s.s:1:·:< .. ng ot.::..rse lves -::::e 

ca:-?��·:1:_1.� ty of r:..s.�:.inG c. gooQ lnidcou..rse cc=:::c·ec:-t:Lon subseQuent to .:.::..:. 
• . .;'(;.::..cl-: �s ex-�::-eraely irr(po::ctant since �·li tb ::c.o :..."2..�1.gin.g device tr.:.e ·�·:.:'c:..�-c::..:c.-'=· 
r:z�lc :_:,_,.e:::._" ::_ 3 c;o::_ng to lJe very d iff icc..l t �·or -cbe �}/� to de� '='f.e .... : .. c-'--2 
-.�c�.:-�-= 2.� t:-":::t only tic; cor:Jl:":&�1cl modc_le i;.:: s..-b ��e to mai n""C,ain a closed �co�� 

- · -. · • c� • -- ,, .... ,..:....! '""""' . (-,..!.;.In l. �-c:: c.--- ... ..;-..... ._.... - ·-\ - n� -; · "'"".-. � ...., Cl ....., · - .; ..::C:CC-.-.. :...C:C.62 0::: ""C,:12 ..:>lv LA.. c..u .. c..V.!.1 ':l_._l..;._ v ...... ,_,.�X uct.:..!. -..� j C. .. ·:..... Yf3_._.:J.uc.. _;_ll u.l.!. '-..::;J-"'::;0-C..:.E.�e 
::::e-c ...,_ ::-�e:ce vec -,.::.ors ::_n the ccmpu"'Cer to �caTge"C -:.::.�1e m ::. dcou::--se cor:::'cc:t:..c::. 

so that i. ·::,s PEGCS ser.se s th&t teo .. It sio;_;_J..C be y,,-.·
-

.:..::.

� 

�-"-' '""' ............. 

o::�:-..: C.c2s not c..se a great deal oi' CSl·1 RCS :;;ropellant{> No· .. ':_:_e::::·e :c:.ea::· 1..�::�0 
buc....,·c;-:,eo_ :"cr LM :cescuE; ., All o:: -che ot�e:c :r;�c::..neuvers are cs.r::."i2:. C)"....:.i:: ...,.,� 

:really large 3CS 

oi' course; is that since ... >..:::o - .. ': ..., __ .... __;_·� 

-,,,�:.:_=-.�- be cor.r1..i::1g ::.n fro:n Celol·l > vie1-1l. ng tte co::-:rnand r: .. odule c.;c.. �-:::s �c c.. s �-2:"" 
·sac�:�.-y:::·c·..l::.�.d, it --.vill "be in a r:1uch bette:c :position to do ""C�e bra�:.:��:_-

'}_J:::cc:ec:.t.:.res c..-s sirr.1Jle c�s uossible in this cri. tical si 'tL�2 t�c�-:.� 
:L-G �;:� c. sta::::dar-d CSlv1 �-:?I for \·Jhich a grea t deal cf' pla::tr-... :.. :-.. g 2:.':2. "-�------

;,,::_:��- he._ ''Ie ·csen car:c-ieC� c:>..: t., On the o-�(_:_cr t.a:c.d, ��o!' the Livi to :-... :.:. �:� ��-��·: �2 

-s� .. :o l:E?'"".·2'..l'.,.e:cs Hoc..ld :ce gui::e a g:rec.. t deal cf coordination e.r:d ccr.:::::::·�::.-.:.::..2::: .. -�:..or:. 
.-;._ ...... ) 

it ·.::.-..ro�.�s having to p:�epare procec..ures c.r:d training fo::- tb.is sJec:.c..:.. 



::o cc:-.��: --� -...�,;_::::' o:.J':_:o:._: .. :cc. chs.:ct.. sclu tiol��s :'or 'l'.::?I c..ue to -che press o:::' c ·v:::.c:.""' 
::_�c���.r� �:1l�l so ti1e:y '.·.:i1l no·C be availGt:c: as a date. source. 

?�·TGC:3 :\vc::cc.c;e G l)l"Cf;l'J.t::l (P-�-'T).. CJ::-::.: c:r·c-.. .:r '.-;ou:-:_d _,��"':.""c.st sequent�s.ll.y 
::�lo�-�:__� l�::·1c�-l of the t:xc2c: 1Jociy &xes, ·)rOb3.lJ�:..y bu::ning -che largest 

is JEDA 

-chc:: ne::�·t ;.r1ee;-c�:c.g 1)2 
s :-:oulC.. tie:--1 p:::·obabi.y 

x:ecessary 

all this 

c���:.�_l.e::::· 11}.-::se"L:do-·I?I11 m.a:":!.euve� v1Dich occ·J_rs D.a=._:I· \\'ay througj_ -�:.:.e 

i � 

exe::::-'cise :::.r.cluC.ing Sl:ecie:.l consiGerat:.o::s s..ssociateQ ,.,.lil:!l 2. �?= :-:£_�e:..:..\rs:r 
-ct'.:.a""C �de Co not really iEter_:_d to exec-c.-se 

·.:..'illde.ll' v 

(S2e �ttacted list ) 
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C:\'ITED STATES GOVERNMENT 

lv!.ernorandum 
£ ;: /;/ ;, I 

FROM PA/ Chief, Apollo Data Priority Coordination 

SCBJECT: Seventh "D" Mission Rendezvous Mission Techniques meeting 

.i. >( 

�-..J�: ;,iY.r ·� .. :·k_flli 

l. The "D" Rendezvous Mission Techniques meeting o:: ;�:-e:. lC ::':.E :;::-cc,-,:-:.
one of the least produetive so far, and I sincerely apoloc;ize ::c:-

r�:ust have been tired or something. Even so, with all -::.:--.at :.a:..e:-.-: ;,:-e::e::.-:: 
there must be something worthwhile reporting. 

2. At one of our earl:Ler meetings 1-1e tentatively establisheC. -::-_�-: ;2..& "".:-:":.:-::. 
alignments would be performed by both vehicles during each pe:-�o� c:: ��:-�:.�=� 

throughout the rendezvous exercise. Paul Pixley (l>f?AD) p:-e se:::e::. ::c:::•" :..,-, :2. 
at tnis meeting which :ohowed that, from a renci.ezvous naviga-::.::.o:: :-:a:.-=.:::::.:-.:, 
loss of observational <lata---renci.ezvous radar in the :Ut, an6. sc:;.:�:-.-: ::. :-. :�.e 
CSH- --during platform alignment hurts us more than a li t:le p:..s ::c::-:: :::::-::.:�-:.. 
Accordingly, it is their proposal that platform alignmen:s o:-.ly ·:e :;:·e::-:c:-::c":c-:. 
prior -:;o the separation burn which initiates the football :-e:-,c.ez·.·c·.;: ::.::. :�.e 
beginning and in the darkness period shared by the psuedo-T?I ··�.e::t :�.e ::1: 
is above the command module. Tnis applies to both the :U-1 an::J. the CE�·�. :.. :-._e:::: 
someone has reason for disagreeing with this, their reco=encatio::t ::. : a::ce:-:e= 
a nd a ll further work should be based upon it. 

3. In response to an action item from the very first meetir:g, tte 0:-":::::.-:,:_ 
Mission Analysis Branch (formerly the Rendezvous Am lysis Brar,ch) ::-e::c::-:e= 
the ir progress on developing technic<ues for insuring prope:- s �-::_o::. cc�.-e:::o.::::-= 
and lighting conditions during the rendezvous exercise in spi te o:: -:::-a:ec:.:::::-:.
perturbations earlier in the mission. The most significan� of �::e�e 
perturbations, of course, is failure to launch on time. As a res·.:::.: c:� 
their >vork, :L t is anticipated they will recommend selection o: a:: ee.:-:..::.e:
nominal launch time and change in direction of the SPS engir:e :es-:.c -o::o.:-::: 
i n  the mission so that the spacecraft will nominally fly in a :-::;te:- c:·::� :, 
during the period between them. In addition, it will probably ':;e :::-e ::::=�=-- �e:: 
that these big SPS burns be separated in time by approxir.-ately a C.a:.- :_;-_s:-::::.i 
of occurring within the same period of activity. If these thir:gs s::-e :.::::-.e 
it H ill be possible to compensate for lift off time delays by C.ec�e.:�:�:: -- .o 

horizontal, in-plane component of these SPS burns in real tine s:..:.c::. -:�.e.:; :�.e 
spacecraft does not go to such a high altitude, thereby shortenir:; :t:-2 
orbital period during that period, The implementation to c<U·:-y o·c.: -::.s:-;e::>_::::; 
of these maneuvers in :real time may utilize the rendezvous � ssic:: :;:::...e.==-::c 
tools in the RTCC that are already available. Tneir pi'O:;:oseC.. a:;::;::'G-e.�:: -.·:::..;::. 
be to modify the SPS burns using the Gemini Agena rraneuver log:_c -:c ::e.-.;se 

Buy U.S. Savings Bonds Regularly on the Payroll Sal'ings Plan 



-.:/� '.'[/·.:.c:e:c:rr:J.ft ��(j rt::ndE:zvour.: .,,ith & phantoi:l tar.t:et. 7� .. � ;.�_:;.:.:.r ... .:: -_;j.;:·:-�-.. 
·,_,, >.:· ·,;[J:I'8 the spacecraft 1/0Uld have been if it r.;:;.d b":r::: J.:::.'l!'.'::�/:-; C:'. 
':�r::c and had follo\·led the nominal maneuver sequence, If tbi:: t...":c�.:.:·�·.r: 
provcG to be as reasonable as it seems to be no>1, ctang.-::s to tr.':: :-.c.�:-.":. 
miss ion plan noted above will be processed through the FO? by 1-�::-:::-i:: 
Jenkins. 

l +. I just reread that last paragraph and it sounds like I'o: stil:!. 
Does it make sense to you? 

Enclosure 
List of attendees 

Addressees: 
(see attached list) 

a- _______, 
rKa� Ti"all, Jr. 
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TO 

FROM 
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MAY 1M2 EDITION 
GSA FPMR (41 CFR) 101-11.8 

UNITED STATES GOVERNMENT 

Memorandum 
See list below 

PA/Chief, Apollo Data Priority Coordination 

DATE : JUN 2 5 1968 
68-PA-T-137A 

SUBJECT : "D" Rendezvous Miss  ion Techniques Ground Rules, Working Ae;reements, 
and other things 

11010-108 

On June 14 we cranked up the "D" Rendezvous Mission Techniques 
activities again. It was a grueling profitable day . In fact, we 
had such a good time we've scheduled another one for July 12 . 

Prior to the meeting I distributed a list of working agreements I 
thought we had reached previously . The crew presented another list 
dealing primarily with the docked LM activation/mini-football period 
based on a lot of planning and simulations they have been doing lately. 
The major part of the meeting was spent going through these lists. I 
have since compiled a new set derived from those - including the 
changes, agreements, and comments the discussion brought about. This 
list is attached a.nd we can review it July 12. The last section lists 
some major discusE.ion items still open. A list of action items is also 
attached si.nce they help to paint the :picture of our current status, 
which I would deseribe as being typically frantic . 

�rd W. Tindall,�� 
Enelosures 3 

Addressees : 
(See list attached ) 

PA :HWTindall, Jr.:: j s 
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June 18, 1968 

"D" MISSION RENDEZVOUS GROUND RULES WORKING AGREEM.t!;NTS 

AND THINGS LIKE THAT 

l. General 

a. The reference trajectory is that provided by MPAD dated June 7 
1968. 

b. Nomenclature for the burn sequence following undocking is : 

(1 )  RCS Separation 

( 2 )  Phas ing 

( 3 )  Insertion 

( 4 )  TPI0 - If abort from football 

(5 ) CSI1 
( 6 )  CDH1 
(7 )  TPI1 - If abort from lst bubble 

(8) CSI2 
( 9 ) CDH2 

( 10 ) TPI2 
( 11 )  TPF 

c. The rendezvous will be run throughout with the vehicle roll angles � 

0°
. The only exception to this is the RCS Separation burn where the CSM roll 

is 180°. A 18o
0 

roll will be performed by the CSM immediately prior to or 

during the IMU alignment following the RCS Separation burn. ( i. e. ,  TPI from 

above will be initiated "heads down" and TPI from below will be initiated 

"heads up" for either vehicle. ) 

d. LM and CSM state vectors time tagged 12 minuted before RCS Separation 

are uplinked to the CMC and LGC prior to undocking. State vectors are not 

sent to either vehicle again until immediately after TPI1, when the rendezvous 

navigation problem is reinitialized . At that time, state vectors are sent 

for both spacecraft and to both computers. IMU alignments will also be made 

at these points in the exercise and take precedence over the state vector, 



updates if time line conflict[J develop. 

e .  On both spacecraft a:Ll rendezvous navigation will be carried out to 

update the LM state vector . That is ,  the LM radar data would be used to 

update the LM state vector in the LGC and the CSM [>extant data would be used 

to update the LM state vector in the CMC . 

The CMC ' s  LM state vector will be updated after each LM maneuver 

with the R-32 Target /J.v routine us ing the preburn values as determined in 

the LM' s pre-thrust program. 

g .  The AGS should be maintained in  that state which makes it most use-

ful to perform the rendezvous in the event of PCiNCS failure . If, after having 

established the preferred techniques in accordance with that ground rule, 

it h> possible to include some AGS systems tests w:i thout jeopardizing crew 

safety or other mis sion objectives,  they would be cons idered . 

h .  The state vectors i n  the AGS will be updated each time PGNCS is 

confirmed to be acceptable . This will likely be at each time it is  

committed to make the next maneuver using the PGNCS except perhaps TPI . 

L AGC alignments will be made each time the PCiNCS is  realigned and 

each time the state vector in the AGS i s  updated from the PGNCS . 

j .  If PGNCS, RR, or G&N fails , the rendezvous is  terminated at the next 

TPI opportunity. 

k. The AGS is not mandatory for the rendezvous exerci se .  That is ,  if it 

fails prior to or during this mis sion phase, the exercise shall continue . 

2 .  Frior to Undocking 

a .  The crew will synchronize the CMC clock as precisely as pos s ible 

utiliz ing information voiced from the grouni . The crew will provide initial 

synchronization of the LGC to the CMC clock. The ground will provide the 

neces sary information by voice for fine synchronization of the LGC clock. 



This supercedes the misG ion rule which specifLes resynchronization of a 

spacecraft clock only whenever it disagrees with the ground reference by more 

than 0 . 5  seconds .  

b .  The LM Rendezvous REFSMMA T is  that of a "nominal" alignment for 

T (align ) = TIG ( TPI2 ) .  It will be uplinked from the ground . 

c .  The CSM Rendezvous REFSMMAT i s  defined by a stable member orientation 

where : 

X CSM = Z LM 

Y CSM = Y LM 

Z CSM -X LM 

d .  Prior to undocldng, the CSM will maneuver the docked vehicles to 

an inertial attitude such that with no further attitude maneuvering the 

CSM will be oriented approximately 180, 0, 0 ( roll, pitch, yaw ) with respect 

3 

to the local vertical :frame at the time of the RCS Separation . The djfference 

between the exact local vertical attitude and 180, 0, 0 is due to the regress ion 

of the line of modes from TIG ( RCS Separation ) to TIG ( TPI2 ) ,  and the fact 

that the CSM REFSMMAT Ls nominal at TPI2 • 

e .  Prio:r to undocking, but following the CSM attitude maneuver to RCS 

Separation attitude, the LM IMU will be aligned to the CM IMU using the docked 

alignment procedure which takes advantage o:f a known CSM inertial attitude and 

known CSM/LM geometry (with account of the docking ring angle /1¢ being taken) 

to coarse align the LM IMU to the inertial frame . The CSM and LM gimbal angles 

are then compared directly (via Vl6N20 ) and coarse align and attitude dead 

banding errors are removed by direct torquing of the LM IMU gyros via the fine 

align routine (V4l) .  



f .  The formula used for clocked alic;nment with identical REFSMMA.TS i s :  

OGALM 
IG� 
MG� 

( 300 -�¢ )  - OGACM 
IGACM + 180 

-MGACM 

Where � ¢  is  the docking ring angle . 

g . The formula used for docked alignment where the stable members are 

oriented : 

is : 

_:z CM 

OG-\,M = ( 300 -/J.¢ )  - OGACM 

IG-\,M = IGACM + 90 

0 

This is  a special formula only valid where the CM MGA = 0 .  This set of 

equations will be used for the LM alignment prior to undocking . 

3 .  Undocking, station keeping and LM inspection 

a .  Undocking will take place 15 minutes prier to the RCS Separation burn 

with the CSM oriented to the inertial attitude for that burn. Average G will 

not be on in either vehicle during the undocking or station keeping phase . 

Thi s will preserve the relati.ve state vectors until average G comes on in the 

CSM 30 seconds prior to RCS Separation. 

b .  Following undocking, the CSM will maintain attitude and will be 

responsible for station keeping. The LM will yaw right 120° and pitch up 

90° plac ing the two spacecraft "nose-to-nose . "  ( crewmen "nose -to-nose " )  



c .  The LM will yaw through 360° (�1°/sec ) permitting the CSM to conduct 

a visual inspection of the landing gear and LM structure . 

d .  After completion of 3c,  the LM assumes the station keeping task while 

the CSM prepares for RCS separation. 

4 .  RCS Separation and Mini-football 

a .  The configuration of the spacecraft at the RCS Separation burn will 

be LM leading the CSM, both heads down facing each other with zero relative 

velocity. (Orbit rate FDAI ' s  - LM: O, 180, 0 - CSM: 180, O, 0 ) . (FDAI 

total attitude is  read in the order roll, pitch, yaw; IMU gimbal angles are 

read in the order outer, inner, middle ) .  

b .  The CSM will execute a l FFS radial inward burn for the RCS 

Separation burn; i . e . ,  t he CSM will burn l FFS -Z (body ) . This burn will 

employ the P-30, P-41 sequence . LM uses R-32 to update CSM state vector in 

the LGC . 

c .  On entering darkness  after the RCS Separation both spacecraft will 

perform REFSMMAT IMU alignments . 

d .  The LM COAS will be · calibrated during the mini -football and will not 

be moved again after that.  

5 ·  Phasing Maneuver 

a .  Phasing targeting i s  established pre-flight . 

b .  The phasing burn will be executed under AGS control with PGNCS 

monitoring. The throttle will be set at 10% for 15 seconds at which time it 

will be advanced crisply to approximately 4o% and left there til auto-cutoff . The 

PGNCS res idual velocities will be burned to zero by use of programs 30 and 40 . 



c .  The horizon il; uccd as  a burn attitude check  prior to the phncing 

burn when AGS is under control .  The �round suppl:Les the LPD pitch angle for 

thi s check . 

6 .  TPJ�0 

a .  If PGNCS, rendezvous radar, or CSM G&N fails prior to insertion but 

after :phas ing, TPI0 is  performed. As a standard operating procedure during 

the football rendezvous , the LM and CSM should both be targeted and prepared 

to execute the TPI if an abort is necessary. If the failure is LM PGNCS , AGS 

is  used for executing TPI . 0 A 130 transfer angle shall be used for aborts 

from the football rendezvous . (See action item 5 )  

7 .  Insertion Maneuver 

Preflight targeting will not be used for this maneuver . The ground 

procedures for determining the insertion maneuver are as  follows : The MCC/ 

RTCC ••ill utili ze the two-impulse logic (NCC/NSR comb i nation) to achieve 

the proper differential altitude . The computed value of the NCC maneuver 

will be used as the insertion maneuvero  The NSR will be forced to occur 

at apogee even if station coverage will not be available there for this 

( CDH1 ) maneuver .  

8 .  

a .  As a nominal procedure, the command module will be targeted with 

"mirror image" maneuvers to be executed with a one minute time delay in the 

event the LM is unable to maneuver .  Some biases w:�ll be added (See action 

item No . 4 )  



b .  In the event t�e 1M has performed an ullage maneuver prior to a 

main engine failure, t he LM will remove that �V to maintain correct targeting 

of the CSM mirror image burn. 

c .  1M FGNCS 8.v solutions will be compared. with the ground . If the 

solutions agree, the PGNCS solution will be burned . There will not be 

comparisons with AGS, charts ,  or CSM. 

d .  In  the event the ground solution is  to be used, i t  will be executed 

using the AGS which has been targeted with the MSFN solution as a standard 

procedure . The external�V mode is  used . 

e .  No radar data shall be  input into the AGS prior to CSI and CDH. 

f .  There will not be any backup charts used. for CSI1 2 •  The 1M shall 
' 

have backup charts for CDH and TPI . The command. module pilot will be unable to 

compute onboard chart solutions for TPI due to the press of other activity 

and so they will not be available as a data source . 

9 .  TPI0 l 2 ' ' 

a .  If the 1M PGNCS is working but rendezvous radar has failed, no 

external data will be input to the spacecraft systems----PGNCS, AGS or 

charts . In this case, the command module executes the TPI and subsequent 

mid.course correction m�neuvers and the 1M does the braking maneuver if 

visibility permits .  However, the command module, of course, must compare 

its TPI solution with the MSFN and that comparison must be favorable . ( If 

not,  see lOb ) The command module would voice relay to the 1M the maneuvers 

it  has executed in order that the 1M crew could update the command module s tate 

vector in the LGC using the target 8,v program. 
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b .  If the LM PC;NCS has fai.led but the RR i s  workine;, compare the onboard 

chart E:olution for TPI with the MSFN. If the comparison is favorable, execute 

,, ( )  

the chart solution and , if not, use the MSFN !J..V ' s executed at a time determined 

onboarc. the spacecraft . The maneuver would be made usine; the AGS external Av 
mode . 

10 . For Discussion 

a .  CDH1 2 ' 

If 1M PGNCS/MSFN comparison shows disagreement, shall a LM chart/ 

MSFN comparison be made and used if favorable or shall the ground solution 

be burned regardless of the chart solutions ? 

b .  If  both RR and CSM G&N have failed, shall the LM perform TPI using 

chart solution or what? 

c .  G&CD has recommended in their memo, EG21-M-59-68-3T6, that the AGS 

be used in the following manner on the "D" Rendezvous : 

( 1 )  Align and initialize the AGS to the PGNCS after each PGNCS 

alignment. 

( 2 )  Perform AGS targeting for all real and pseudo-burns using the 

on board solution. Execute the burns with PGNCS , unless PGNCS has failed .  

burn . 

( 3 )  Perform an accelerometer calibration before each real and pseudo-

( 4 )  Perform gyro calibrations in  sufficient number (at least four 

t :i.mes over a two-hour period ) to verify the technique . 

AOT. 

( 5 )  Perform at least one AOT or COAS alignment of the AGS , preferably 



( Ci )  Update the AGS wlth the RR ncar the second TPI burn. 

( 7)  In the event of a PGNCS failure durinr; the second rendezvous 

sequence , compare the Al� solutions with either charts or MSFN and execute 

the burns wi th the Aml if there is reasonable agreement . The AGS should be 

updated \>li th the RR .  

d .  Review procedure and expected accuracy of the initial LM platform 

drift test made while docked to the CSM. 

e .  Review Mission Control Center/crew pad mes sage formats . 

9 



"D" RENDEZVOUS MISSION TECHNIQUES 

ACTION ITEM LIST 

( To be discussed at next meeting ) 

June 18, 1968 

1 .  FCSD and MPAD will provide for review a n  up-to-date rendezvous navigation 

tracking schedule for both the LM and CSM. 

2 .  MPAD to present the pre-rendezvous maneuver ground rules and techniques to 

provide adequate lighting conditions and station coverage . 

3 .  MPAD to report on analysis regarding modification of the RCS Separation 

burns to reduce probabi.li ty of recontact due to small maneuver execution 

dispers ions . 

4 .  MPAD to report on which mirror image maneuvers need be biased as well 

as consequence of not doing so.  

5 .  Crew will report results of simulator exercise regarding use of unstaged 

LM in terminal phase rendezvous . 

6 .  FCD to report on techniques for checking the rendezvous radar during 

the mini-football and the football phase for purpose of go/no go . 

7 .  MPAD to report consequences of using the MSFN uplinked PGNCS CSI/CDH 

targeting in the AGS for maneuver execution in the event of PGNCS failure . 

That is , are the errors thus incurred acceptable? 

8 .  FCSD will define limits of acceptable TPI time slippage beyond which 

corrective action must be taken. Apparently, they will be based on CSM 

active rendezvous lighting constraints . 

9 .  MPAD to establish acceptable difference limits for use in comparison 

of onboard vs MSFN rendezvous targeting ( CSI ,  CDH, and T.PI ) . 

10 . MIT to present recommended procedure for controlling the W-matrix by 

crew input to the LGC and CMC . 

Enclosure 3 



11 . .MPAD to report results of their survey into the onboard computation 

of CDH execution t ime which has been showing a tendency to be late . If 

this persists,  it will result in TPI time s lip, exce s s  RCS 6 V costs , and 

difficulty in solution comparison. 

12 . FCD will report on acceptability of onboard PGNCS accelerometer bias 

determ:Lnation while out of MSFN station coverage . 

13 .  Rendezvous maneuver monitoring procedures will be reviewed for both 

critical and non-critical rendezvous phase burns . Attitude, attitude rate , 

and over and under speed limi ts will be establis hed as well as the actions 

to be taken if they are exceeded . This , in effect, encompasses the procedures 

to be followed in the event of a partial burn . 



TO 

OPTIONAL P'ORM NO. 10 
.. MAY IDU EDITION 

GSA PPMR (•t CPR) 101·1 t.tl 

UNITED STATES GOVERJ"''MENT 

Memorandum 
See list attached DATE: JUL 2 5 1968 

68-PA-T-168A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: "D" Rendezvous 

l .  A great many things were discussed and resolved at the July 22 
"D" Rendezvous Mission Techniques meeting . They will all be fully 
recorded in the minutes .  There were three items, however, I would 
like to call particular attention to at this time by this memo. 

2 .  In order to avoid any chance of recontact as a result of maneuver 
dispersions in the CSM RCS separation maneuver which starts off the 
"D" mission rendezvous, it was decided to increase its magnitude 
from 1 .0  to 2 . 5  fps .  It will still be performed in a radial direction. 
This was brought about when it was recognized that an error of about 
0 .4 fps in the horizontal retrograde direction would result in 
recontact after the big phasing burn. Dispersions of that magnitude 
could easily occur due to imperfect velocity nulling during station 
keeping, G&N maneuver dispersions, spacecraft venting, etc . 

3 .  It has been established that the elevation angle to be used by 
both spacecraft in determining all T.PI times - nominal and contingency -
will be 27. 5° . 

- �  � 

4 . 'I'he out-of-plane component of the TPI maneuvers shall be targeting to 
force a node at TPF rather than at the second midcourse correction 
maneuver . This will also apply to the lunar rendezvous mission, 
which the "D" was attempting to silllU.late in this respect.  The change 
is  being made to simplify the crew timeline and procedures ;  it is felt 
to be entirely adequate based on the recently adopted plans for handling 
out-of-plane on the lunar rendezvous . 

5 .  The above decisions are considered firm and should be immediately 
incorporated in all aspects of the Apollo Program to which they apply. 
They will only be changed if there is a darned good reason - not just 
to make things a little better ! 

Howard W.  Tindall, Jr . 

PA :HWTindall, Jr. : j s  
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TO 

OPTIONAL f"ORM NO, to 
MAY IOU EDITION 

GSA FPMR (41 CPfll) 101-11.e 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE : JU L  2 6 19 68 

68-PA-T-172A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: " D" Rendezvous Mis sion Techniques meeting of July 22 

1. We cleaned up a lot of s tuff at the subject meeting . Attached 
are updated " Ground Rule s ,  Working Agreements, and other things , "  
and another list of open items to be discussed at our next meeting 
currently scheduled for September 6,  1968, or whenever the crew is 
available after tha t .  

2.  One facet o f  this business that ha s become extremely critical 
involves how to do rendezvous navigation ! The tracking schedule 
overwhelms and in1:luences everything else the crew i s  doing . It 
is  es sential that it be established immediately along with W-matrix 
initialization procedure s - whatever that is - taking into account 
the rendezvous radar thermal control required, etc . If all this 
changes trn1ch from that which ha s been assumed to be proper,  crew 
training - among other things - will be severely impacted . Accord
ingly, a Rendezvous Navigation Mi ss ion Technique s Panel is being 
established to concentrate on this and get it all squared away . I 
have attached to this memo a " charter" which explains exactly what t he�' 
are to do and lists the specific people ass igned to do i t .  Anyone \v!':o 
can help these guys are requested to do so - particularly with regard 
to those rendezvous radar thermal constraints . Those are really going 
to screw us , I ' m  afraid .  

Enclosures 3 
Rendezvous Navigation Mi ssion Technique s Panel 

Charter and Composition 
Working AgreementB ,  etc . 
Open Items 

PA : HWTindall, Jr . ; j s  

Ru11 TJ T .\'atJimr r  Rnn.dr "RI'Irularl11 nn t},. Pd.11rnll '\atJin.u r  Plan 



July 25,  1968 

"D" MISSION RENDEZVOUS NAVIGATION 
MISSION TECHNIQUES PANEL 

I .  Obj e ctives of the panel are to e stablish the following rendezvous 
navigation mi s s ion techniques 

I I .  

A .  Initially to establish a tracking sc hedule for the "D" Mi ssion 
Rendezvous Navigation 

B .  Investigate the s chedule determined i n  "A" by cons idering the 
following : 

a .  W-matrix reinitialization procedures 

b .  Thermal constraints o f  the rendezvous radar 

c .  Standardization of tracking s chedules around a maneuver 

d .  Desire to minimize the effect of missing marks as a result 
of procedural or spacecraft sys tems problem 

e .  Larger than nominally expected MSFN errors 

C .  Standardize the mi ssion techniques which establish the follo1-1ing : 

a .  The expected navigation accuracy at maneuver time s for : 

(1) The LM PGNCS us ing RR tracking data 

( 2) The CSM PGNCS us ing sextant tracking data 

b .  E-memory constants specifications 

Membership of' the panel 

A .  P .  T.  Pixley, Chairman Code FM 
B .  J .  Shreffler FM 
c .  R .  w .  Becker FM 
D. P. Shannahan FM 

E .  H.  D .  Reed FC 

F .  w .  E .  Fenner FC 

G .  D .  Blue CF 
H. D .  K. MoE:el CF 

I .  E .  Muller MIT 

J. P. Kachmar MIT 

K. N. Nevim; MIT 

L .  R .  Larson MIT 

M. A .  Satin TRW 

N. s .  Paddoek MDC 

o .  A G&CD man to be named soon 

Enclosure 1 



July 22, 1968 

"D" MIBSION RENDEZVOUS GROUND RULES WORKING AGREEMENTS 

AND THINGS LIKE THAT 

l.  General 

a .  The reference trajectory is that provided by MPAD dated June 24, 1968 . 

b .  Nomenclature for the burn sequence following undocking is : 

( 1 ) RCS Separation 

( 2 )  Phasing 

(3 ) Insertion 

( 4 )  TPI - If abort from football 0 
(5 ) CSI1 
( 6 ) CD I\ 
(7)  TPI1 - If abort from lst bubble 

( 8)  CSI2 
(9 )  CDH2 

( 10 )  TPI2 
( 11 )  TPF 

c .  The rendezvous will be run throughout with the vehicle roll angles � 

oo . The only exception to this is the RCS Separation burn where the CSM roll 

is 180° . A 180° roll wHl be performed by the CSM immediately prior to or 

during the IMU alignment following the RCS Separation burn. ( i . e .  , TPI from 

above will be initiated " heads down" and TPI from below will be initiated 

"heads up" for either vehicle . )  

d .  LM and CSM state vectors time tagged 12 minutes  before RCS Separation 

are uplinked to the CMC and LGC prior to undocking. State vectors are not 

sent to either vehicle again until immediately after TPI1, when the rendezvous 

navigation problem is reinitialized. At that time, state vectors are sent 

for both spacecraft and to both computers . IMU alignments will also be made 

at these points in the exercise and take precedence over the state vector 

updates if timeline · conflicts develop. 

Enclosure 2 



e .  O n  both spacecraft all rendezvous naviga t ion will be carried out to 

upda te 1�he LM state vector . That i s ,  the LM radar data would be used to 

upd ate the LM s tate vector i n  the LGC and the CSM sextant data would be used 

to update the LM state vector i n  the CMC . 

f .  O n  both spacecraft the rende zvous navigation W-Matrix will b e  set to 

1000 feet and 1 fps init ially a nd whenever it is re init iali zed periodica lly 

during the rendezvous . 

g . The CMC ' s  1M s ta te vector will be updated after each LM ma neuver 

w i th the R-32 Target /1v routine using the pre -burn value s as de termined in 

the LM' s pre - t hrust program. 

h .  The AGS s hould b e  ma i ntained i n  that state whi c h  make s i t  mo st useful 

to perform the rendezvous in the event of PGNCS fa i lure . If, after having 

e s tablished the preferred techniques in a c c ordance with that ground rule, i t  

i s  pos s ible t o  include some AGS systems tests without j eopard iz ing crew safety 

or other mi s s ion obj ective s ,  they would be cons idered . 

i .  The s ta t e  vectors in the AGS will be updated each time PGNCS i s  

confirmed t o  b e  a c ceptable . This will likely be a t  each time it i s  

committed to make the next maneuver using the PC>NCS except perhaps TPI . 

j .  AGC alignments will be made ea c h  t ime the PGNCS i s  realigned and 

each t :lme the state vector in the AGS is upda ted from the PGNCS . 

k .  If PGNCS , RR ,  or G&N fa ils , the rendezvous exerci. se i s  aborted a t  the 

next TPI opportunity. 

l .  'rhe AGS i s  not mandatory for the rendezvous exerc ise . That i s ,  i f  i t  

fails pr:cor t o  o r  during this mi s s ion pha se, the exercise shall continu e .  

2 .  Prior t o  Undocking 

a .  �'he crew will synchronize the CMC clock a s  JF e c i sely a s  poss ible utili z 

i ng i nformation voiced from the ground . The crew will provide initial synchro-
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nization of the LGC to the CMC clock. The ground will provide the necessary 

information by voice for fine synchronization of the LGC clock, This 

supercedes the mission Iule which specifies resynchronization of a space-

craft clock only whenever it disagrees with the ground reference by more 

than 0 . 5  seconds , 

b .  The LM Rendezvous REFSMMAT i s  that of a "nominal" alignment for 

T(align ) = TIG ( TPI2) .  It will :be uplinked from the grountl , 

c ,  The CSM Rendezvous REFSMMAT i s  defined by a stable member orientation 

where : 

X CSM = Z LM 

Y CSM = Y ;LM 

Z CSM = -X LM 

d .  Prior to unci.ocking, the CSM will maneuver the docked vehicles to 

an inertial attitude such that with no further attitude maneuvering the 

CSM will be oriented approximately 18o, o,  0, ( roll, pitch, yaw) with respect 

to the local vertical frame at the time of the RCS Separation. The difference 

between the exact local vertical attitude and 180, 0; 0 is due to the regression 

of the line of modes f'rom TIG (RCS Separation) to TIG (TPI2 ) ,  and the fact 

that the CSM REFSMMAT is nominal at TPI2 • 

e .  The on�y in-flight adjustment of the LGC PIPA bias COIJlPensation 

param�ters include� 

do'cked to the dsM. 

in the noniinal flight plan shall be done by the crew while 
. . 

The values will be u;pdated regardless of hqw small the 

of the new values at the next M3FN station contact po.ssible . 
01" ., 

' . 

conti�:IU.ally 'mo�it�� ;-tAe J;:tiJIJ perf?rrdanc� and ·  will : advise and 
; . \ ,.  c . • : . 

. . . .
• • } � .  . • - f " ' . 

updates if the co�.nsation becomes in error by more than a 

I , 

·" 
'l>.:. 

. ' . t  I .  . I  

The MCC-H will 

assist in additional ' ·  

specified threshold . 
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f .  An AGS accelerometer calibration shall be performed while docked a t  

about t he s ame time a s  the PIPA eonrpensation. This .vill be the only AGS 

accelerometer calibration in the nominal flight plan unless time i s  available 

for a second one between TPI. and csr
2

• AGS gyro calibra tion shall not be 

performed during the rendezvous exercise period of aetivity ,  

g . Prior to undocking, but following the CSm attitude maneuver to RCS 

Separation a ttitude, the LM IMU will be aligned to the CM I.MU using the docked 

alignment procedure which takes advantage of a known CSM inertial attitude and 

known CllM/LM geometry (with account of the docking ri.ng angle ll ¢ being taken ) 

to coar1>e align the IM IMU to the inertial frame . Tl::e CSM and LM gimbal angles 

are then compared directly ( via Vl6N20 ) and coarse align and attitude dead 

banding errors are removed by direct torquing of the LM -IMU gyros via the fine 

align routine (V41 ) . 

h .  The formula used for docked alignments with identical REFSMMATS is : 

OG� 

IG� 

M� 

( 300 - ll ¢ )  - OGACM 
IGA

CM + 180 

-MGA
CM 

Where ll ¢ is the docking :ring angle . 

i .  The formula used for doeked alignment where the E>table members are 

oriented : 
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i s :  

OGA
LM = ( 300 - ¢)  - OGACM 

I� = IGACM + 90 

MG� = MGACM ,= 0 

This is a special formula only valid where the CM MGA = 0 .  This set of 

equations will be used for the LM alignment prior to undocking. (Equation 

verification is given "in MIT/IL Apollo G&N System Test Group Memo No . 1187, 

dated July 8, 1968 . ) 

3 .  Undocking, station keeping and LM inspection 

a .  Undocking will take place 15 minutes prior to the RCS Separation burn 

with the CSM oriented to the inertial attitude for that burn. Average G will 

not be on in either vehicle during the undocking or station keeping phase , 

This  will preserve the relative state vectors until Average G comes on in the 

CSM 30 seconds prior to RCS Separation. 

b .  Following undocking, the CSM will maintain attitude and will be 

respons ible for station keeping. The LM will yaw right 120° and pitch up 

90° placing the two spacecraft "nose-to-nose . "  ( crewmen "nose-to-nose" ) 

c .  The LM will yaw through 360° ( 1°/sec ) permitting the CSM to conduct 

a visual inspection of the landing gear and LM structure . 

d .  After completion of 3c, the LM assumes the station keeping task while 

the CSM prepares for RCS Separation. 

4 .  RCS Separation and Mini-football 

a .  The configuration of the spacecraft at the RCS Separation burn will 

be LM leading the CSM, both heads down facing each other with zero relative 

velocity. (Orbit rate FDAI ' s - LM: O ,  18o, 0 - CSM: 18o, O, 0 ) . (FDAI 

total attitude is read in the order roll, pitch, yaw; IMU gimbal angles are 

read in the other outer, inner, middle ) ,  
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b .  The CSM will execute a 2 . 5  fps radial inward 'JUrn for the RCS 

Separation burn; i . e . ,  the CSM w i ll 2 . 5  fps -Z (body) . 1�his burn will 

employ t he P-30, P-41 sequence . LM uses R-32 to update CSM s tate vector in 

the LGC . (Reference 68-FM62-229 ) 
c .  O n  entering darknes s  after the RCS Separation both spacecraft will 

perform REFSMMAT IMU alignments . 

d .  The LM COAS will be calibrated during the mini -football and will not 

be moved again after tha t .  

5 .  Phas ing Maneuver 

a .  Phas ing targeting i s  e s tablished pre-flight . 

b .  The phasing burn will be executed under AGS control with PGNCS 

moni toring by use of programs 30 and 40 . The throttle will be set at 10% 

for 15 seconds at which time it will be advanced crisply to approximately 

40% and left there until auto-cutoff . 

c .  'rhe horizon i s  used a s  a burn attitude check prior to the phas ing 

burn when AGS is under control. 1�he ground supplies the LPD pitch angle for 

this cheek . 

d .  :Phas ing burn monitoring 

( 1 )  Attitude and/or attitude rate limits are exceeded - terminate 

the burn . 

( 2 )  Overburn - Back up AGS engine off three ( 3 )  seconds after the 

PGNCS "engine off time" i s  indica ted . 

e .  Upon completion of the burn, the LM s hall be oriented w i th X-axis 

vertical and the y and z body axi s Av residuals will be trimmed to zero . 

a .  If PGNCS , rendezvous radar, or CSM G&N fails prior to insertion but 

after phasing, TPI0 i s  performed.  As a s tandard operating procedure during 

the foot1Jall rendezvous ,  the LM and CSM s hould both be targeted and prepared 
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to execute the TPI if an abort is necessary. If the failure is LM PGNCS , AGS 

is used for executing Tl'I . 0 A 130 transfer angle shall be used for aborts 

from the football rendezvous . (See action item ? ) 

7 .  Insertion Maneuver 

a .  Pre-flight targeting will not be used for this maneuver. The ground 

procedures for determining the insertion maneuver are as follows : The MCC/ 

RTCC wi.ll utilize the two-impulse logic (NCC/NSR combination) to achieve 

the proper differential altitude . The computed value of the NCC maneuver 

will be used as the insertion maneuver . The NSR will be forced to occur 

at apogee even if station coverage will not be available there for this 

(CDH1
) maneuver. 

b .  In the event the LM has performed a ullage maneuver prior to a DPS 

engine failure to start, the LM will remove that �V to maintain correct 

targeting of the CSM TPI maneuver . The CSM shall continue to countdown for 0 
TPI during the LM insertion burn. 0 

8 . CSI and CDH 
1, 2 1, 2 

a .  CSI and CDH maneuvers shall be targeted to cause TPI time to occur 

when the CSI is 11 minutes into darkness .  TPI time is  defined as the time 

at which the elevation angle of the CSM with respect to local horizontal 

as observed by the LM if: 27. 5° ( see 9b ) .  

b .  The MCC-H will E:elect and relay to the crew a single solution for 

each of the CSI and CDH rendezvous maneuvers which will be used by � space

craft - for Femes compai·ison, AGS targeting, and CSM G&N mirror image targeting, 

etc . It shall be that E:olution which is most compatible with the PGNCS . Some 

biases will be necessary for use in the AGS and CSM G&N . 
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c .  As a nominal procedure , the command module wi�ll be targeted with 
"mirror image" maneuvers to be executed with a one minute time delay in the 

event the LM is unable to maneuver .  In order to maintain TPI time and 

different ial altitude within a cceptable bounds it is necessary to bias the 

radial /1v component of the CDH maneuvers relayed to the CSM from the MCC-H 

by an amount e s tablished pre -fligh t ( approximately 7 fps ) . No other /1 V 

components of either the CSI or CDH maneuvers need to be bia sed in the CMC . 

d .  The crew shall bias CDH time 100 seconds earlier than determined by 

the Femes CSI targeting program (P32)  when sequencing through the CDH tar-

geting program (P33 )  to compensate for an inadequate approximation in P32 .  

The cre1< s hall bias CDH2 time 70 seconds later than d.etermined in P32 . 

CSI2 

less 

e .  An out-of-plane /1 V 
and CDH1 2 using R36.  

' 

than 2 fps . This !J.v 
compariDion . 

component will be computed by the LM PGNCS 

This maneuver 11v s hall be executed unless 

component will be included in the LGC/MSFN 

for 

it i s  

solution 

f .  LM PGNCS �V solutions will be compared with the ground . If the 

solutions agree, the PGNCS solution will be burned . The:re will not be 

comparisons with AGS , charts , or CSM. 

g . In the event the ground solution i s  to be used, :l t w ill be executed 

us ing tbe AGS which has been targeted with the MSFN solution as a standard 

procedure . The external b. V mode is used. It is necessary to bias the radial 

tJ. V c omponent of the csr2 maneuver relayed to the LM: (AGS ) :from tbe MCC-H 

by an amount established pre -flight in order to ma inta in TPI2 time within 

acceptable bounds . No other !J.v components of either the CSI or CDH maneuvers 

need to be biased in the AGS . 

8 



h. No radar data shall be input into the AGS prior to CSI and CDH. 

i .  There will not be any backup charts used for CSI1 2 . The LM shall 
' 

have backup charts for CDH and TPI . The CDH charts require a minimum of 29 

minutes  between CSI ancl CDH. The command module pilot will be unable to 

compute onboard chart solutions for TPI due to the press  of other activity 

and so they will not be available as a data source. 

j .  In the event the LM has performed an ullage maneuver prior to a 

main engine failure, the LM will remove that f1v to maintain correct targeting 

of the CSM mirror image burn. 

9 · TPio 1 2 ' ' 

a .  Although studies have shown that if TPI time falls outside a window 

of approximately four minutes duration undesirable lighting conditions will 

result for one or both spacecraft, it has been established that it is more 

important to execute �'I at the proper elevation angle than to honor lighting 

constraints in terminal phase . That is lighting constraints are desirable but 

not mandatory. Nominal TPI elevation angle is mandatory. 

b .  The elevation angle to be used in the TPI targeting programs (P34 ) in 
0 

both spacecraft shall 1Je 27 . 5  for all rendezvous . 

c .  The LM shali always use the elevation angle option in P34 for TPI 

targeting. 

d .  The CSM shall always use the elevation angle option in P34 for TPI 

targeting whenever it 1Jecom.es the active vehicle . Therefore, the first time 

the CSM cycles through P34 it will use the elevation angle option; however, 

if the LM T.PI solution is determined to be acceptable by comparison checks, 

the CSM will recycle through P34 using the LM TPI time as input to the "time" 

option. ( TPI maneuvers will not be biased . ) 

9 
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e .  TPI shall be targeted on1Joard and a t  MCC -H to force a node a t  TPF ( i . e . ,  I intercept ) . The MCC-H s hall supply this maneuver via voi c e  (pad me s s age ) in 

both External Av and line -of- s i ght component s .  

f .  If the LM PClNCS i s  working but rendezvous radar ha s failed, no 

external data will be input to tl1e spacecraft sys tem:3 - - -PGNCS, AGS or 

c harts . In this case , the command module executes the 'I'PI and subsequent 

midcourse correction maneuvers and the LM does t he braking maneuver if 

v i s ib i l i ty permi t s .  However, the c ommand module , of course, mus t  compare 

i ts TPI solution with the MSFN and that comparison mus t  be favorable . ( If 

no t ,  see 9h ) The command module �Hould voice relay to the 1M the maneuvers 

it has executed in order that the LM crew could update the c ommand module 

s tate vector in the LGC u s i ng the target Av program. 

g .  If the LM PCXNCS has failed, but the RR i s  working, c ompare the onboard 

c hart solution for TPI with the �JSFN. If the comparison is favorable , execute 

the chart solution and, if not ,  use the MSFN I:J.v • s executed at a t ime determined 

onboard the spacecraft . The maneuver would be made u s i ng the AGS external AV 

mode . 

h .  If both the RR and the CSM G&N have failed, use the LM PGNCS to execute 

the MSFN TPI solution given in LOS coordinates at the time at whi c h  the eleva tion 

angle is 27 . 5° as de termined onboard the space craft . I 



.... . ·� 

"D" RENDEZVOUS MISSION TECHNIQUES 
OPEN ITEM LIST 

( to be discussed at next meeting) 

l.  Rendezvous Navigation Mission Techniques Panel Report . 

July 25, 1968 

2 .  MPAD to determine expected trajectory dispersions a t  initiation of 
the rendezvous exercise . 

3 .  MPAD to determine CSI/CDH out-of-plane I:J. v  lower threshold . 

4 .  MPAD to determine CDH2 time bias .  

5 .  ASPO to determi.ne expected LM IMIJ alignment accuracy when docked to 
the CSM. 

6.  Review of MCC-H/Crew Pad Message Format.  

7 .  Crew to determine from simulator exercises the maneuverability of 
the LM in the docked configuration during terminal phase . 

8 .  MPAD to establish acceptable difference limits for use in  comparison 
of onboard vs . :MSFN rendezvous targeting (CSI ,  CDH, & TPI ) . 

9. Review of rendezvous maneuver monitoring procedures .  

10 . TRW to present AGS align and initialization procedures .  

' · 

Enclosure 3 



TO 

FROM 

Of"TtoNA.L FORM NO. 10 
MAY 1ffl!l2 EDITION 
GSA FPMR (41 CFR) 101-11.e 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

PA/ Chief, Apollo Data Priority Coordination 

AUG 5 1968 
DATE : 

68-PA-T-185A 

SUBJECT: Propulsion system to be used on the "D" Mission Rendezvous CSI Maneuver 

W10-10b 

One of the planned rendezvous maneuvers (CSil ) on the "D" mission is  
nominally zero . Since it is intended to make thi s maneuver based on 
the real time s ituat:con, some logic must be established to govern 
when and how the maneuver would be made . This memo is to describe 
the proposed logic .  

If the computed value of the CSI1 maneuver i s  less than 1* fps ,  the 
maneuver will not be executed at all. If the maneuver is greater than 
1 fps but les s  than 6* fps ,  the spacecraft will be oriented with the 
minus X-axis in the direction of the velocity vector and the maneuver 
will be carried out us ing four jet RCS . The reason for this orienta
tion is to avoid los :lng rendezvous radar lock. This  means, of course, 
that the maneuver may be executed in either + X direction with equal 
pro ·ba b ili ty. 

The 6 fps upper limi i; is necessary in order to conserve RCS propellant 
as well as to remain within j et impingement constraints . If the CSI1 
is in excess of 6 fpn, the DPS will be used at 10% thrust (even though 
rendezvous radar loc1c may be lost ) . 

There was concern about us ing the DPS to carry out small maneuvers from 
the standpoint of lD vi the PGNCS would work as well as whether a short 
burn for CSI would preclude use of the DPS for the 60 fps CDH maneuver 
approximately 30 minutes later. Harry Byington checked into this and has 
determined that the propulsion people intend to adopt the following DPS 
constraint for the "D" miss ion: the DPS may be used provided at least 
30 mi.nu te s has elapsed since the previous burn, no matter how short it 
was .  In other words, we have no problem there . It has also been deter
mined that the PGNCS does not limit us either. Although the DPS thrust 
program ( P40 ) does not have short burn logic like the SPS and APS programs 
have , including start up and tail off characteristics ,  it i s  capable of 

* I selected these values to illustrate the point. They' re probably not 
frn· off' . JVJPAD i s  in the process of determining the proper values,  
OMAB - the Lrst based on rendezvous considerations ; G&PB - the second 
based on er_gine characteristics and consumables .  (Task assignments are 
needed . )  

Buy U.S. Sat,ings Bortds Regularly on the Payroll Savings Plan 



TO 

FROM 

OPTIONAL FORM NO. lC. 
MAY 11Ml2 EDITION 
GSA FPMR (-4.1 CFR) 101- 1 � .11  

UNITED STATES GOVERNMENT 

Memorandum 
I nf'crmal D i :o t ribut ion 

FMLI /Math emat i c al Phy s i c s  Branch 

68-FMIHS - 33 1 

SUBJECT: D �·'l:i .s s ion Rendezvous Navigat ion Mi s s ion Techniques Panel Me e t i ng 

l. '1'hcc fjr s t  meet ing c f  the D Mi s s io n  Rende zvous Navigat:l c•n M i s s i.nn 
Tc:c lmique s Panel 'Has held July 28 ,  1968 . 'rhe purpose of Lh i s  pane l 1 "  

L u  C < J < • rclj natre the on-i)c>ard navigat ion analy s e s  conducted at MIT and HSC 
.<1 � Lh the c revr t ime l i CJe worked up by the FCOD and minimi ze> the c ffc>ct c f  
p rv:ccdural cr spac ec raft systems problems to t h e  navigat ic•n procedure s . 

2 .  The f i r s t  item of bus ine s s  was to def ine the time p<e r i ods Hhen "J1C' 
ru,rle zvuu:o radar vmuld be poHered up for tracking or other purpo s e s . THe' 
:; chedules uf rendezvous radar operat i o n  were e s tab l i shed for the purpc-· s c  
o f  d e t e rmining the i r  adequacy for the rmal contro l . The first schedule• .\ s 

s imply to powe r up the rende zvous radar at 94 hours 27 minut e s  g . e . t . and 

pc:•.Jer do·vrn vrhen the rende zvous radar i s  no longer needed - sometime i n  the 
tc:rrninal phase at approximate ly 102 hours and 10 minut e s  g . e . t .  The s e c c•tH1 
s c 'Kdule i s  a.s folluvrs : 

RR CJn 

RR uff 

94 : 27 ,  95: 45 , 96 : 48 ,  97 : 59 ,  99 : 14 ,  99 : 56 ,  100 : 4 1 

95: 3 1 , 96 : 29 ,  97 : 48 ,  98 : 31 ,  99 : 4 1 ,  100 : 30 ,  102 : 10 . 

( Time i s  h r : min g . e . t . )  

The f i rst schrc d ule i s  the most des irable b e cause of s i mpl ic i t�· i n  ilL' 
r; rr;•rr aci, i vi t y .  The s econd schedule rep r e s ents the minimum s c hedu l e  S \1 l�  1 :  
i.hat if it i [ I  shor tccne d c rew confidence i n  t h e  s y s t e m  wil l b e  dc•gradc• d  .> 1 '  

'" u: r io:1�: p<e rturbat i on in the c rew t ime l j.ne wil l be induc ed . The IESD kt:' 
rc · c c, i  vecl Uri �; sclleoule and has been reque s t e d  t o  have the rmal analys r• s  c . ·. n 

dnc t u ]  r,_f· thr: s c:  t'ifCJ rw"thods as s oon as pos s ible . It should be rE'Cc)gni �:. c•d 
UJ c,. t thfc e re\•/ and e-;round proc edur e s  are proc e e ding acc ording to the s c c c· th1 
: : c h cciulc and any s ':gnific.J.nt change to the s e  procedures are c on s i clercc1 i c) 
be· nr;t c;nly highly unde r s l rable but must be iccc ompan i e d  by p 1  op e r  j ust if i c:t
L i(Jn . 

3 .  In ;,rder to use the LM navigation system e ffec t ively , HI 'I has prc'P• ' '"''1 
l; w: ';1 - mEc . r i x rc: ini t i a l i. za t ion when pe rformed be placed fron rr a rl;:s deer ·i n l. , ·· 
l . k: t rete c ing interval follm-ring a maneuve r .  'rhe rendezvous r adar tJ1,:· rmal 
Cc (; ' )] (] ;;·,n p roce s s  affe c t s  the b o re s i§ht axis •:J rient a t i on . Hl .  rr.· Le ,, f RC I\ 
, . , >rnrn ( : rl l, r:l  that :for a cool down o f  15 f rom ll,0°F . to l2 5'1F . typ i c a l  m t m l>. · t · :: 

· , 

I , · _; 
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('" r  •.be uffc:e; L of  the c o o l  do·w-n pro c e s s  on the o rientat i on i s  cnn : : i c1 c r· : t l • l  ,'I 
l c : : :; Uui.n 1 "  , , f  a c e  frJr a 15-minute cool down . The reinlt i a l i zati, ;n  p t'< · 

c;cdurr · :; h ,  lUl u brc unaffected by th i s  type o f  variation i n  r)rientati on . 

!1 . 'f'lv c•:mcdnclcr r)f the day ·was devoted to estab l ishing the tracking 
�chr_rJ Jlr, :; •lfh ieh <,re re rkveloped with the following assumpt ions different 

L ':c':;m D C  ! n  a.dd i t ion t o  th::Jse from the D Rendezvous Mi. s s i on •rechniques 

me c � inv of Jul y 2 2 . ( See attachment ) 
o. . TtK June 2 11 reference trajectory was used as a standard '·' i tL L! H :  

U mr, b c tvre en C SI
1 

and CDH
1 

i nc reased t o  3 2  minutes . 

b .  The requirement that the command p ilot c ompute r  backup charLc 
s o lu t ion� for TPI 2 requires the LM navigat ion to terminate earl i e r  th:n1 
the nrJminal 12 minutes prior to TPI2 . The t ime as sumed i n  d e s i t';ni nc; t l l l ·  
c;chedulec •,ras J 5 mi.nut e :; . 

c .  Fur the C SI
2 

and CDH 2 maneuvers , one minute from the l.M nutnc · uV•T 
i n i t iat i o n  t.i.mrc was alLovred for the c ommand module p i  lot to e E h c r  

( l ) :i.nlti ate his mirror image maneuver clr 

( 2 )  'Ln:Ltiat<C the maneuver to take h im to the t rack atti. cude . 

r] . 'J'r; r:tand�rd:L z r:;  t�e LM t racking schedulc f o llowing
. 

the C �I2 and CIJI [ l  ;-' 
mu. n r  uvors .. t h e  t lme requlred to maneuver to the track att J t ude :1 s as sumed · ' 
tc; b e  c c;mp l c:tecl s i.x minutes following these maneuve rs . 

3 .  In crdcr to s tandardize navigat ion procedure s and us e the C SM and 
LM navi gat i on sys terns effective ly , MIT has propos e d  the W-matrix re i n i t i a i  ' :: : ; 
t ioL" ',rhen pe rformed ( see schedule ) be placed three marks and Lmr mark r� 

deqJ intu tbe t racking ir: te rval follovring a maneuver for the CSM and r:N .  
rcsprctively . 

1\_ ! , L : J.(_: h rn r · J I ! ,  

D i ._; 1 . c i i _; U 1 _, j . . Y J  ( i) c : r·· a t t rJ,cb c O  L i s t )  
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TABLE 

LM A c t ivity Time line 

Ground Elap s e d  Time, hr :min ; Event 

9'::> : 52 
96 : 00 

96 : Ct) 
96 : 0'(  

')6 : 16 

96 : 18 

96 : 28 

96 : 47 
96 : ) 0  

96 :5 3  

96 :55 

97 : 05 

'T( : 06 
9( : 13 
9( : 23 
97 : 25 

9'T : 29 

97 : 30 

9'( : Lf2 

9r( :55 

')ii : 01  
CJ{l, : ()') 

')il : () '( 

')9 : 0�) 

99 : rr 
99 : 21 

Docked nm Alignment Completed 

Inlt iate Tracking 

Cease Tracking 

In i t i ate Tracking 

CE,rlr:e Tra c�king 

Init iate 'l'ra eking 

Cc:n:3e Tracking 

Im 3 c rt i on Maneuver 

In itiate Tracking 

Cease Tra cking, Re init ia lize 
1tJ-!'la trix 

Init iate •rra cking 

Cease Tracking 

Init i a te Tracking 

Cea s e  Tra cking 

CSI
1 

Maneuver 

Injt i at e  Tracking 

Ceas e Tra cking , Re initial ize 

Init iate Tracking 

CeHsc Tre1 cking 

CDJ-I
J 

Maneuver 

In L U n t c  Tracking 

Tr [ U at c  ']-'racking 

Cc1;;c 'rra c king 

na rigat ion State VE·ctor Update 

Ir H. i D t e  Tra cking 

Cf ase 'l'racking 

Ir it i ate Tra ck ing 

CSM A ct ivity Timc• J i.rw 
Ground Elap s e d  Time , hr : min ; I •:Vc n l  

9 2 : 35 nm A l i c;nment Complet e J  

96 :03 
96 : 14 
96 : 28 
96 :37 

96 :59 

97 : 01 

97 : 12 

97 : 28 
9T : 38 

913 : 07 

98 : 0') 

98 : 16 

99 : )2 

99 : L1 
99 : 30 

Init iate Tra cking 

Cease Track ing 

Init iate Track ing 

Cease Tracking 

Init iate Track:i.ng 

Reinit ial i z e  W-mat r i x  

C e a s e  Tracking 

Init iate Tracking 

Cease Tracking 

Init iate Trnckint'; 
Reini t i D:Liz·" \IT-mat rix 

Cease Tracl' ing 

Navigat ion !)tate Vector Und: l l ,  · 

Init i a t e  Tr 1cl�inr; 

Cease Tra cl<: Lng 
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TO 

FROM 

0:"":"10?\:AL f"Ori:'A NO. 10 
MAY 1: : �  CDi";""J0,\1 
GSA l· ;',\1 1'< (�; CFF?) \01·11.G 

U�ITED STATES GOVEB . .NMENT 
;_1 ·T �.' J�i ernoranaurll 

FA/Chief, Apollo Data Priority Coordination 

EG/Acting Chief, Guidance and Control Division 

DATE: 

In reply refer to : 
EG23-229-68- 11 )b 

SUllJECT: �1etllod of HCS separation for football traj ectory in Mission D 

'\" '  
t r .;g�:�( " . \ � 
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Reference i.s made to memorandum 68-PA-T-203A, "D  Rendezvous Ground Rules  
and Harking Agreements Update , "  September 23 , 1968 . 

The Guidance and Control Division (GCD) vras given the action item to 
determine the best thrusting procedure for the RCS separation burn 
yielding a football traj ectory in the D rendezvous mis sion . The burn is 
required to impart a delta V to the CSM of 5 ft/sec in the -z direction . 

Tnis  delta V maneuver can be accomplished by either (1 )  a direct -Z 
translation burn , or ( 2 )  a combination of +90° pitch maneuver, a +X 

translation burn, and. ultimately, a -900 piteh maneuver to regain the 
original attitude . 

In determininG the procedural tradeoff's , two factors must be considered : 
( 1 )  The RCS propellant consumption, and ( 2 )  procedure simplicity . i·Tith 
respect to the former, propellant consumption data was obtained from the 
GCD ' s AGC functional s imulator (AGCFS ) .  These  data are tabulated in 
Table I .  

TABLE I .  

I CSH -vreights {pounds)  Z-translation X-translation jAC Quads11 

I I 
275� 2 18 ! 19 . 3 

(nominal ) 
l 
i 

I 280� 2 18 . 6  20 . 1  

l (high) 

I 27042 19 . 2  18 . 5  
(lo\-r) 

Jut:1 1-ms obto.ined. not only 1�or the nomin:cl CSM �Veight of 2751+2/J ( supplied 
1>y trw 1-li ::; s lon Planni.nt� :mel .1\n:tJ.y�• :L ::;  Di vi ::d.on) but nlsn for v:criation::; 
abm ct t!H] nui;t Lrml oi' +')00// .  •n 1c X- trtU1 Gl:tt .i.on pmJndatcn inchtdes the actual 
+X-tran:.;1at i on propcl:Cmrt <Uld the propcllont f'or the two requirecl ')Oo 
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m<meuvcrs at 0 . 5°/ s e c  rate . The ccata indicates that a 50o/f lmrer CSH 
w e ight causes a slightly higher (l .  2/,f) propellant usage for a -Z trans
lation .  This is due to an increase in the Xcg to thruster plane d i s 
t an c e , 1vhi ch is  very s ensitive t o  SPS proye llant landing . 

In r�cncra l ,  :i.t Ci:n be c:ccn that e ither method consumec <1pprox.Lm:tl;c�1y the 
c:<tmc J \ �:s p:rupelJ.ant. l ienee , the de cicl:Ln13 fac tor :i. s  the relative' s :i.m
llli city of the procedure s .  On this bas i s , the -z translation method i s  
super ior , as i t  require s  only one action a s  opposed to three a ctions 
for the X-tro.nslation method, t1v·o of whi ch are attitude maneuver s  
lo.st ing three minut e s  each. 

£a sed on th i s  analys i s , the Guidance and Control Divis igp recamrends., 
for the fjl vep CSM gej ght and del t a v requj remep+ 5 that a - Z.  t.rapslat ion 
be us ed for thi s  maneuver .  
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See lil;t attached DATE : S eptember 23 , 1968 

68-PA-T-203A 
FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT: D Rendezvous Ground Ruler. and Worldng Agreements update 

A ttached are the g:::-ouncl rules and workine; a greement>'· updated based on 
our September 9 Mi ss ion Techni ques meeting. :J:'hey reflect the new, 
s implifi ed D Rendezvous exerc ise - primarily changes in the .tootball 
tra jectory and the " insertion maneuver" plus a bunch of things we -
\>ere able to delete . fls noted in my las t  report of this subject,  
the mos t  ,, i.r;n:Lficant open i tern i s  the selecti.on of t h e  nominal TPI 
t ime and d.efini tion of the acceptable lighti.ng conditions for it -
i . e . ,  its "vindm/' . Ba s ed on the s tudies undervay, the procedures 
vi.ll have to be adjusted to a ssure meeting the constraints after 
t�ey are defined and put in order of priority. 

And - of course,  we ' ve gotta get that rendezv-ous ra dar thermal mj ckey 
'i'Qil'lf fi o;f<.§ ! Other action Ltems I failed to list previously are a s  
follows : 

a .  The AGS people of TRW were a sked to recomrr.encl the proper 
techni qLO.e for managi �g the AGS in the event the PGNCS has failed and 
the CSH mal,es !1'.aneuvers s ince it has no program comparable to the 
PGNCS "Target /J. V" R32 .  

b .  FCD w;s asked to de termine the la test t ime the E memory could 
be dumped providing the MCC-H sufficient time to respond in its check
out and correction, :Lf necessary . 

I c .  GCD was asked to determine wh i c h  CSH RCS thruster s hould be L S "·� = " 7 ( w'\ t\  \ us ed for the RCS Sepration burn (i . e . , - z  or x )  - o r  a t  lea s t  vhich · · ''· d. � I ,J. 
woe1ld c o s t  le s s RCS propella nt, taking into account tbe alt i tude :r.a neu-
vers ar;J s lti tud e hold requ i red in each esse . r\1:_ 

�':.,., t., 
d. MIT 1-1as a s kecl to look intc reducing the time requi red. for ob� erv

ini'. the ?IPA • s in the:ir lJ:iac: test to lesr; than tt10 currcn L 2�,6 seconds . 

I i}-, e �:) s \·:C ' ll got togct hc:r n r\a in :::;omot i m.:.-· . Tlfe hn ven 1 t scheduled t :-:n t 
:nec: t i  ng yeT: . J..Ie a rc: }JJ;:t nni nr; to t�ct. �t f�1! :tt llcr r;roup together to revieH 
L<1c rev i sed D Rencle :-:vou;; Mj c: c; i  on on Oe tol cr ! 1 , 1')612 .  {Ll-

llowc,rd H .  Ti n<ln l l ,  ,Tr . 

,'!?-( :::nclosure 
�': ' 

Jl , ,f ?A : h1rlTinda l l }  Jr . : .i �; ]l_li_·•-·( 
Buy U.S. Sc:t•in:;s Bonds R(gularly on t!H Payroll Savings Plan . 
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September 12 , 1968 

" D "  JILT:-:::� Io;;  t\l:i·;J ;I�ZVOUS GHOUND HUI,ES , VJORKINC AGRE�:MEN'IS 

A ND 'l'l!INGS LIJG� 'l'tL<\ •r 

l .  Gc:ncr.'Jl 

a .  Thrc :re:fr::rence tra,) ecto:ry .L s tha t  provided by lY1PAD, dated August 22 , 

19613, anu a s  ampHf i ed in Append ix I .  

b .  Norr.e nclaturc for the burn sequence following undocking :L s :  

( 1 ) 
( ;? ) 
( 3 )  

( lj ) 
( 5 )  
( 6 )  

( 7 ) 
( 8 ) 

RCS Scpra tion 

Pha s ing 
TPI - If abort .from football 0 
Insertion 

CSI 

CDH 

TPI 

TPF 

c .  The rendezvous will pe run throughout with the vehicle roll angles � 

0° . The only except ion to thi s i s  the RCS Separation burn where the CSM roll 

is 180° . A 180° roll will be performed by the CSM immediately prior to or 

during the IMU alignment following the RCS Separation burn. ( i . e . , TPI from 

above -.,,i ll be initiated " heads down" and TPI from below will be initiated 

" heads up" for e i ther vehicle . ) 

d .  LH and CSM s tate vectors time tag13ed lr· minutes before RCS Scprn t i or. 

are uplinked to -;; he CMC and LGC pr i or to unclo c U n r� .  ::; u, tc vec tor;; arc· no t 

sent to e i t her vehi c le aga i n  Juri ng the rendezvous . 

c .  On both spacecraft all rende zvous nav i gu \. i on w ill be carr j c:d Oll :: to 

update ti1e L;{; s -:;a te vec tor . That l S ,  the LM ra<lar data would be u: :ed to 

upch tc: -clw L�'i s t.� te vector in  the LGC an6 the CSM sextant data ·would be uc;�:<l 

to updnte the LM state vec tor in t.he CMC . 



.\000 f, .,,L n nri L fp:: J n :  : . i n lly n nd whc:ncver i t  i s  rc Lnit:i.nlized peri.orli cully 

r; .  The CMC ' f> L!l. s t o.  te vector w i ll be updated after each LM ma neuver 

'"i t h  t he P-76 'rargct /1 v rout i ne using the pre -burn values as determined in 

the L W  s pre -thrust pro r�rtlm 

h .  The AGS s hould be ma i n ta i.ned i n  that state which makes i t  most us eful 

to perform the rendezvous in t he event of PGNCS fai. lure . If, after having 

e s tablished the preferred technique s in accordance with that ground rule , it 

i s  pos s ible to include some A GS  sys tems tests without j eopardizing crew safety 

or other mis s ion ob j e c t ive s ,  they -would be cons i dered. 

i .  The state vectors in the AGS will be updated each time PGNCS is 

confirmed t o  be acceptable . �Ch i s  will likely be at each t ime i t  is 

)rnrni tted t o  make the next maneuver us ing the PGNCS except perhaps TPI . 

j .  AGC alignments w i ll be made each cime the PGNCS i s  realigned and 

ea c h  time the state vector i n  the AGS i s  updated from the PGNCS . 

k .  If PGNCS , RR ,  o r  G&N fails while i n  the football tra j ectory, the 

rendezvous exercise is terminated at the TPI
0 

opportuni ty .  

1 .  Tr1e A GS  is not mandatory for the rendezvous exerc ise . That i s ,  if it 

fails pr ior to or during thiE. mission pha s e ,  the exerc i s e  shall continue . 

m .  A s  soon a s  poss ible after powering u p  the LGC , the E memory will be 

dumped v i a  T/H so that the MCC-H ma y  check i t s  contents for comple tene s s  

and a c curacy . If nec e s sary, the HCC - H  \4 i ll re lond via uplink any important 

parame l:.C:"'S fot:nd to be in erro r .  

2 .  Pr i o �  t o  Undo cking· 

2 

a .  C::i�e crew w i ll synchronize the CHC clock a s  pre c i s e ly a s  pos s i ble u t ll i. z -

�ng in:f'orma tion voi c e d  frorr, the ground . The crew will prov ide i niti8 l syncr,ro-



I 

j 1 
I 
I l 
I I I I i I 
I 
i I 

supcrccdl<_: th·,: r;:� ::-;�; : o n 2.''.{1<2 vJh:i. cil spec j f i c s  rosynchron i ::,n t.Lon of a spnCt' -

cr:1ft c lo c 1\ only 1-:heneve: i_ -:; disagrees with the ground reference by more 

t ha n  0 . )  s e c o nd s . 

b .  The LM Rendezvous REFSMHAT i s  that of a "nominal" alignment for 

T ( ali c;n) = TIG ( 'L'PI ) .  It w ill be uplinked from the ground . 

c .  The CSM Rendezvous REFSMMA.T is defined by a stable member orientation 

where : 

X CSM Z LM 

Y CS!-1 Y LM 

Z CSM -X LM 

d .  Prior to undocki[lg, the CSM 1-1i ll maneuver the docked vehic les to 

an i. nertial attitude such that with no further attitud e maneuvering the 

CSM v1i ll be oriented app:'oximately 180, 0 ,  0 ,  (roll, pitch, yaw )  with respoct 

3 

to the local vr'rcical frame at the time of the RCS Separation. The difference 

beb1een the exact local vertical attitude and 180, 0, ·o i s due to the recress ion 

of the l:Lne of modes fron TIG (Rm Separation ) to TIG ( TPI ) ,  and the fact 

that t he CSM REFSWJA.T i s  nominal at TPI . 

e .  '�he only in-fligbt adjustment of the LGC PIPA bias compensation 

parcnnc �ers included in U,e nomi nal flieht plan s ha ll be done by t;he: crew wh ; lc 

The valuer. 1-1:Lll br� uprla L6l rqr,ardlc: s c: r; f '  how c:mn ll 

(i . e . ,  there i_ �; no J.owc,r tllrec:hold ) 

c · at the next l-ISFN :. i;r; t l on c n r :tr, c t  po : :s i L l r: ,  

! r · i � : -j 1 . : O r : ' J ! 

compensa t i on become:·. ln  error 'ny more: t h: r n  n ::r;c:c: ; f'l r· < l  

threshold I ? is  set at . 003 ft . sec . .  

1.----� ----- -- --- -- -·-- -------- - - ------- - -



. ' ' .. , ,· ,· . · :L,c:::omr:�er c:alibration sr..all be performed while docked at 

n 1 >0,lt the �;n :nc: ti.mc a s  the PIPA compensat ion.  Tnis will be the only AGS 

n c c c lcrometer cal.Lbra t i.on in the nomi nal flight plan. AGS gyro calibration 

shull � 1Jc performed during the rendezvous exercise :period of activity. 

g . Prior to un:l.ocking, but following the CSM attitude maneuver to RCS 

Sepration attitude , the LM DiU will be aligned to the CSM IMU using the docked 

4 

alignment procedure which takes advantage of a known CSM inertial attitude and 

known CSM/LM geometery (with account of the docking ring angle 6 ¢ being taken) 

to coarse align the LM IMU to Lhe inertial frame . The CSM and LM gimbal angles 

are then compared directly (via Vl6N20 ) and coarse align and attitude dead 

banding errors are removed by direct torquing of the LM IMU gyros via the 

fine align routine (V42 ) . It is necessary for the MCC-H to compute and relay 

the gyro torquing angles to the crew in order to carry out this procedure . 

h .  The formula used for docked aligl;llllents with ident.ical REFSMMA'lB is:  

IGA = IGACM + 180 LM 

Where 6 ¢  is the docking ring angle . 

i .  The formula used for docked alignment where the stable members are 

oriented: 



J �; : 

'rhis i s  a special formula only valid where the C�l MG.l\. � 0 .  This set of 

e qua t i ons \Jill lx� uc.ed for Uw LM align1nent prior to undocking . (Equation 

verifica tion i s  given in JviiT/IL Apollo G&N Sys tem Ter. �- Group Memo No . 1::21, , 
dated August ;:>: ) , l96f3 . Thi s ·reference notes there is  a possible error in 

the s t c;n of the /1 ¢  term. ) 

3 .  Undocking, station keeping and LM inspection 

a .  UndockiLg will take place 25 minutes prior to the RCS Sepration burn 

I 

with the CSM oriented to the inertial attitude for that burn. Average G i·:i ll 

no t 'i:Je on i n  either vehicle duri ng the undocking or station keeping phase . 

Thi s will prese:::-ve the relative state vectors until Average G comes on in the 

CSM ]0 seconds prior to RCS Sepration. 

o .  Following undocking, the CSM will maintain attitude and will be 

respons�ble for station keeping .  The LM will yaw right 120° and pitch up 

90° 
l . th t f '  " " , p aclng - e -,,o spacecra 't .  nose-to-nose .  ( crewmen "nose-to-nose " )  

c .  The LM \Jill yail throur�h ]G0° ( l 0/ sec ) TlPrmi t t i nr� tit'-' Cf)M to c u nr1u c 1 .  

a vi sual i nspect:ton of the land 'i nr� r•.cn r  and LM struc l.uf": . 

thP CSM :;:rcpares for RCS Separa t i on .  

) ,  � . RCS Sc:�r:; t �_ o Yl  and :.fi_ nj_ -footbo.ll 

�_. . ':l:hc con:."' Lr::ura t "ion of tbe spacecraft a t  t he RCS Separri. L i o n burn v; ; :l l  

be LY� lea d::_ne; the CSM, both heads down fac j.ng e3ch other w i  '!:h z•.:ro rP-l<J :. i_vc 

velo c i -cy . (Orbi t. rate FDAI ' s  - LM: O, lf30, 0 ;  CSM: 180, O, c, ) .  (FDAI 



read in the OJ�der o�.ter , i nner , middle ) . 

iJ . The em-: w i ll CXC:CU tc £, 5 fps rad ial inward burn for t he RCS 

r;r'Jmra L i on nu rn; i .  c . ,  the CSM >till 5 fps -Z (body ) . Th is burn will 

employ the I' -30 , P-1;. 1 sequence . LM usc s R- 32 to update CSM s tate vector in 

the LGC . Tlw 6v re s iduals wi ll be trimmed to within 0 . 2  fps , all components . 

c .  On entering darkness after the RCS Sepration both spacecraft will 

perform REFSMMAT IMlJ alignments . 

d .  The CSM and LM COAS wUl be calibrated during the mini-football and 

will not be moved again after that . The LM utili zes the foward window . 

5 .  Phas i nr: 1-iar:.cuvcr and FootiJall 

a .  The r.J.'3.gnitude of the ])ha s ing burn i s  a lways re-.es tabli s hed infligh t .  

b.  The pha s ing burn will b e  executed under A GS  control w i t h  PGNCS 

mi taring by use of programs 30 and 40 . The throttle will be set at 10'% 

for 15 s econds at which time :_ t 'dill be advanced crisply to approximately 

40'% and left there until auto--cutoff . 

c .  The hor i zon i s  used a[; a burn attitude c heck prior to the phasing 

burn when AGS is under contra:� . The crew determines the LPD pitch angle for 

t h i s  c hec k .  

d .  Phasins burn monitoring 

( 1 )  A tt i tude and/or atti tude rate lim i t s  are exceeded - termina te 

the burn . 

( r_ ,_ \ .- ) Ovcrburn - Back up AGS engi ne off three ( 3 ) s econds after thc 

PGNCS " c ng :l n e o:'f t-�mC11 i s  i nd i ca ted . 

e .  Upon completion of the burn, the L!\1 shall be oriented wit h X-ax i s  

vcrtice.l e.nd the y and z body axis 6v res iduals will b e  trimmed to zero . 



'i'h e  x �lady £1 V rc:: ldual will be trirmncd to within 2 fps to maintain 

l/1 >  m.L _ce . 

r .  Hh �le ln the football, botr, veh i c le s  will exen ; se the ir complete 

rendezvous nav i ga t ion sys tems and will update the L\1 s tate vectors in the 

LGC a nd ClliC . The TPI ta rc;c tinc; resulting w i_ll be used not only for maneuver 

execution if neces sary, ·but also to evaluate the performance of the LM PGNCS 

and CSlli G&N, providing conf idence in proceedi ng with the Insertion maneuver . 

A ;:, noted previously, these onboard de termined s tate vectors will not be 

upc::-1. tc'll from the MCC -H . 

c, .  On ent<'ri.ng the darkne ss period about a quarter o f  a revolut ion 

7 

before: the phasing burn, both spac ecraft w i ll perform REFSMMAT. ll1U a lignments . j 
h .  If i t  i s  found neces sary to remain a n  extra revolution i n  the football 

prior -co executing TPI or the Insertion burn, the same procedures w ill be 
0 

followed a s  during the initial football revolut i on .  

a .  IF PGNCS , rendezvous radar, or CSM G&N fa ils pr ior to insertion imt 

after phas ing, TPI i s  performed . A s  a standard operating procedure during 
0 

the football rendezvous , t he LM and CSM s hould both be targeted and prepared 

to execu w the TPI if an abort i s  neces sary. If the: fa i lurc :i s L!JI PGN(;�; , 

AGS i s  uc;ed for execut i ng TPI . A 130° transfer anP,le r; rJA l l  1-,r: w:•:d for 

a1)orts from the football rendezvous .. nut r: to. r�ed or un;; -t�n vcd .. 

'7 I • Insc:::::-t i on M1. ncuver 

a .  !JICC-H ',;ill compute and target the: LM PGNCS for the Insertion IT• Uc·uv·:I· 

.i n  real c;ime . Ex ;;ernal .6-v tar,Y,e t i ng wi ll be u o. c d ,  tronsm.l tted vi o l;h• l': ··�· 

uplj n}: route if' t be timeli ne permi ts . 

relJ.yeG_ . 

l; . 7r�e CS!'l w i ll also be targeted to make a rr.aneuvcr to f';Uard n r.;u i n:; : .  ' '  

� � i 

'I 
.'' 

par t l a l  Ll1 DFS• burn falli ng out. s idc tbe co:;x, b l l l ty oJ' t.hr: Lt-1 He:: Lo c r . rr• � t .  , 

I 



T h i s :mmcuve::: will probably oo fixed prefl ight ( for example - 20 fps, 

ho1'i zonta l ,  posig:cade ) wili e r.  would permit the LM to return to a football 

by RCS . 

c .  In the event the 1M has performed a ullage maneuver prior to a DFS 

0 l •  

engi ne fa .i lure to start, the L.l\1 will remove that 11 V to stay in the football. 

8. CSI and CDH 
a .  CSI and CDH maneuvers shall be targeted to cause TPI time to occur 

when the CSM is 25} minutes before sunrise . TPI time is  defined as the time 

at whi. ch  the elevation angle of the CSM with respect to local horizontal 

as observed by the 1M is 27 . 5° ( see 9b ) .  

b .  The MCC -H will select and relay to the crew a single solution for 

each  of the CSI and CDH rendezvous maneuvers which will be used by � 
spacecraft - for PGNCS comparison, AGS targeting, and CSM G&N mirror image 

targeting, etc . It s hall be that solution which is  most compatible with 

the PGNCS . Some biases will be necessary for use in the CSM ��. 

c .  As a nominal procedure , the command module will be targeted with 

"mirror image '1  maneuvers to be executed with a one minute time delay in 

the event the 1M is unable to maneuver .  I n  order to maintain TPI time and 

differential altitude within acceptable bounds it i s  necessary to bias the 

rad:Lal 11 V component of the GDH maneuver relayed to the CSM from the MCG-H 

by a n  amount estclbl.is hed pre .. flight ( probably 4 . 3  fps ) .  No other /1 V 

cornpor;ent of e i ther the CSI or CDH maneuvers need to be h i  n eed i n  t,he CMC . 

cl . In orcier to co:npensa "ce for approximation�; ln the on1loGr<l CSI tar-

g,e t;i n ;c �oro?ram ( ?3;' ) result'.ng in a " nom.i. nal" 'I'PI t ime shift, 1 t i s  ne c r: s [;n :·:r 

to "bias tlie TP:J: t.ime "the LM erew inputs to that  program 120 second s :Wte . 'I'h" 



crc"' s :-;all b j_ : , �; CDH ti me L.O seconds lnter tha n dcterr;d ncd l>y tile FC:t\CS CSI 

tn rr'c t i  ng proc;ram ( P3 2 )  1-1hen sequenc in,c,; through the CDH targeting program 

( P33 ) to compensate for an approximation in P32 whlcb would cause a large 

radial cor�ponent if uncorrected. 

e .  An out-of -plane D. V component w i ll be computed by the LM PGNCS for 

CSI c wrl CDH us i n[� R36. ':::his  rraneuver IJ. V s hull be executed unless it i s  

lc::-. s  t h a n  2 fps . Thi s 6v component will be inc luded in the LGC/I,lSFC solu-

tion comparison. 

f. LM PGNCS 6 V solutions will be compared with the ground . If the 

solutions agree, the PGNCS solution will be burned . There will not be 

comparisons with AGS , chart s ,  or CSM. 

g .  I n  the event the ground solution is  t o  b e  used , i t  will be executed 

us inc; the AGS which has been targeted with the MSFN solution as a standard 

procedure . The external Av mode i s  used . No D. V components of e i ther the 

CSI or CDH maneuvers need to be biased in the AGS . 

h .  No radar data s hall be i nput into the AGS prior to CSI and CDH . 

i .  ·There will not be any backup charts used for CSI . The LM s hall 

have backup charts for 8DH and TPI . The CDH charts require a minimum of 29 

minutes between CSI and CDH . The command module pi lot w i ll be unable co 

compute on"ooarcl chart solutLons for TPI due i.o the press  of other a c c i v i ty 

and so they '<l i ll not be ava i lable a r; " data source . 

�; . In tr:c rcvent th·O> LM har; per:f'ormr� ri _. ,  n 1 1 llafc'' rna nr:uver y.r:i c :· :.r, _. ,  

r:--u in  e:lf:?) rte fa:i.lure , t h e  IM w i ll rc�move thu t !lv t.o rnr'1 .i ntn i n  corFr · c 1� L:l � · _r .-r · � . -

_.:._ r:. ;.� o f  -:=. he CSl'<'i. mirror i::n.a ge burn . 

') 
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�� . TPI 

[NO'I'E : Some of t;he following i tems ( e . g . , 9a and 9c ) whi c h  involve 

lighting cons trai_nts have not been e s tablis hed as  be i ng r i ght, s ince they 

nrc ba s ed on an a s sumption that lightine; j_ s not manda tory . In fact, the 

lir;ht.Lng i.s currently considered manda tory under certain c ircumstance s .  

The se i tems are included here to draw a ttention to this extremely important 

matter . It i s  all to be resolved as  soon as  results of analys is to 

determine firm l ighting requirements and expected TPI time dispersions 

are avai lable . Consi dera tion i s  be ing given to shifting to the P34 

TPI "time option" from the "elevation option" if ne cessary to force 

TPI to oc cur w i thin the window . Thi s business a lso has implications 

on 9d regarding the CSM procedures and the MCC-H solutions transmitted 

for comparison . These results of these s tudies may also cause a c hange 

in the nominal TPI time noted in Sa . ]  

a .  Although studies have shown tha t if TPI time falls outside a 

window of approximately four minutes dura tion undes irable lighting 

conditions will result for one or both spacecraft, it has been e s tablis hed 

tha t it ls rr�re important to execute TPI at t he proper elevation angle 

t han to honor l ighting cons tra i nts i n  terminal phase . Tha t i s ,  lighting 

cons tra i n :,s are des irable but not ma ndatory . Nominal TPI elevati.on 

nngle i :'; !Xlnda tory . (See no �e above ) 

b .  'l'r:e eleva t ion angle to be used J.n the TPI targeting program.s 

( P34 ) in both spa cecraft s ha ll be 27 . 5° for all rendezvous . A l3D0 

tra n :-� fcr n ngle will be· used for a ll rendezvous . 

c .  ·J'! , c  111 s hall a lways use the elevation nnglc opt .Lon ·i n l'�l1 for TP:: 

t�rcc � : nf . ( see note above ) 

!_ ______ _ 
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cl .  The cs:-i s hall ab1ays use the elevation angle option in P34 for TPI 

tarr�e t i nr; whenever it become s the ac t c ve vehicle . Therefore , tt1e first 

time the CSM cycles through P34 it will use the elevation angle option; 

however, i f  the LM TPI solution is determined to be acceptable by com

parison checks , the CSM will recycle through P34 using the �� TPI time 

as  input to the "time option. " (TPI maneuvers will not be biased . )  

e .  TPI shall be targeted onboard and a t  MCC -H to force a node a t  TPF 

( i .  e . ,  intercept ) .  The MCC-H s hall supply this maneuver via voice (pad 

message ) in both External !J. V and line -of-sight components . 

f .  If the 1M PGNCS i s  working but rendezvous radar has failed, no 

external clata will be input to the spacecraft systems----PGNCS , AGS , or 

charts . In this cas e ,  the command module executes the TPI and subsequent 

midcourse correction maneuvers and the LM does the braking maneuver if 

visibili.ty permits . However, the command module, of course, must compare 

ics TPI solution with the YSFN and that comparison must  be favorable . ( If 

not ,  s e e  9 h )  The command module would voice relay to the LM the maneuvers 

i t  has executed in order that t he L.� crew could update the command module 

state vector in the LGC uE; ing the target !J. V program. 

�� · If the LM PGNCS hecs failed , but the RR i s  110rkinr! ,  compare the: 

onbourri c!1art solution for TPI wi th the J:ft.SFN .  If the comparison J_ s favora ble 

execute the churt solution and, if not , use the MSFN /1v • s  executed a t  r, 

t i me dete:cm�: ned on board the spacecraft . The rr.aneuver would be made us i np 

t ile AGS external f1 V mode ., 

h .  :::f both the RR and the CSM G&.N have fr d.led , use the LM PGNCS to 

exc c�1;c 'one }1SFN T?I solu-�icn given in LOS coordinates a i; the t i me n L w�. i c h  

t h e  e lcv;:, :io.:-:t angle is  27 . 5° as determined onboard the r;pnccccrr, f ;  . .  

11 



If the CSl/. performs tr,e TPI m.s. neuver, HCS wi 11 be used rather 

than SFS as the propuls i_on sys tem. Thi s  s implifj. ca ti.on s ignificantly 

reduces the CSM crew loading and gives greater as surance he will be 

able to do all th'..ngs required of him. 

12 



TO 

Ot>TIQt.I,..O.. P'Or;M NQ. 1n 
MAY 1.1'\.1 U.JITIQN 
O._A " I" M I't  (�I CI'"N) :� 1 · 1 1 . '  

'l' \:TfED STATES GOVE RNMENT 
... �r ." l/i. ernorandum 
P/\ / C il i o f ,  Apollo Da ta Priori ty Coord inn t l Lm 

.. � -�t�r 
.. .. :.:. ;.:- �·JLicn 

68-FM6l-293 
FROM 3'N6/Chief, Orbital l<Ti s s ion Analys i s  Branch 

SUBJECT: R e ference ;:;raj ectory usage for mi ss ion D rendezvous simulations 
and una�yses 

.. :·��-;> 
-.:;' . . 
.:i'/;/"' r 

As a r e sult of the recent change i n  the r ende zvous profi le for 
mi s sion D ,  formal do cwnentation doe s  not currently exi st whi ch [Jl'o vides 
the traj ec tory inforr.,at i on required for rendezvous-associated analys e s . 
The; CMAB ·,ras reques ted- in the " D" Rendezvous Mi s sion Te chniques meet
ing of Se_?tem'oer 9 to define whi ch , of the exis ting reference traj e c 
torie s ,  shouid be u t i l i z e d  for interim analys e s , software t e s ting , an d  
Clight crew support prior t o  t h e  pub li cation of the operational traj e c 
tory ( currenUy s ch e duled for pub lication November 15 , 1968 ) . The O!llAB 
recommend s that the documen t ,  " Revi sion 2 to the Apollo Mi s sion D 
Spacecraft Re ference Tra;j e ctory , Volume I - Nomin a"- T r aj ectory , "  
(;·,ISC Int ern al Note No . 68-FM-210 , dat e d  Augus

-
t 22 , 1')68) b e  uti lized 

.:''or thi s purpose . The portion of the rendezvous profile from a ground 
dap s e d  time ( g .  e .  t . )  of 98 : lf2 : 44 . 7  (Hr : Mi n :  Sec ) through TPF in thi s 
cioct:ment :'.. s identica:. to the current profi le following the insertion 
bu:r: from a light ing and re lative motion standpoint . That i s ,  the rela
t i ve posi tion and velocity at 98 : 42 : 44 . 7  are identi c al to those in the 
current profi le at tl::.e comp letion of the insertion burn . MSFN coverage 
can be obtained from the ref'el'ence document by using the current g .  e .  t .  ' s  
for signifi c ant event s . Thes e  are as follows : 

Undocking 

Mi ni - football s eparation 

Phasing 

Ins ertion 

CSI 

CDH 

TPI 

1PF 

Current g . e . t .  

92 : 45 : 00 

93: 01 : 45 

93 : 46 : 07 

95 : 37 ; I;') 
')6 : 18 : !1 :) 
r/( : VL ;  33 
')7 ; 511 ; 5 l  
')8 : 26 : 4') 
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� ; .  T�; �.-· f _i : 1:�ht crew j_ s currently pcrformj nr� rendezvous r.imulntionfj 

1" ' : ; <·d upon t h e  r.1i s r;  i.o c;  D rcfr:rencc tro j c c tory (Apr il :W, l9G8 ) .  By 
:; Ln rt.lne; : : i mula ti ons at the ')7 : 55 : 10 reset point, performing CSI at 
the ti!Tle refle c ted in th l s document (98 : 5�' : 14 ) ,  and us i.ng o s  a nom
i na l  'I'PI time 100 : 29 : 00 (a s  oppo sed to the old value of 100 : 15 : 25 ) 
1-10uld afford almos t t rw identical relative conditions a s  those i n  the 
current profile . That i s ,  a /.i.H of 10 n .  mi . and a time between CDH 
and TPI of approx imately 53 minutes would result . Thi s  procedure is 
reco�!Tlended for future simulations until the rest points are updated 
to reflect the operational traj ectory. 

£4� £#.0���-· 
� ��r c. Linebe�ef 

Orbital Mis s ion Analysi s  Branch 
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TO 

FROM 

OPTIONAL P'ORM NO. 10 
MAY ttez EDITION 

GSA ... PMR (41 erR) 101�11.1 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief, Apollo Data Priority Coordination 

DATE: September 12, 1968 

68-PA-T-197A 

SUBJECT :  D Rendezvous Mis s ion Techniques Meeting - September 9 ,  1968 

5010-!08 

On September 9 ,  we had another D Rendezvous Mission Techniques meeting , 
Basically what we did there was to discuss the new, s implified rendezvous 
mis sion plan and its effect on the work we have done so far .  Based on 
this discuss ion, I am revi sing the ground rules and working agreements 
and will send them out within a week or so.  I think we were all quite 
plea sed to find that the changes were relatively minor and for the 
most part made things simplier - as they s hould . The two biggest 
unresolved areas deal with selection of the nominal TPI time and the 
rendezvous navigation tracking s chedule as influenced by the rendezvous 
radar thermal constraints . I ' ll discuss these two things in little 
more detail in this memo . 

Flight Crew Support Division has done some excellent work defining 
the terminal pha se lighting constraints . For a LM rendezvous from 
below, command module from above situation the TPI time window pro-
viding acceptable l:Lghting is only about four minutes long . That i s ,  
the TPI maneuver should occur wi thin that small time period, It is 
almost inconceivable, we can expect to hit such a s hort window even 
with reasonable system dispersions . Therefore , we have asked Milt 
Contella ' s  people to re -examine this situation, particularly taking 
into account the influence of the sun being located out of the orbital 
plane in an attempt to widen the window as much as possible . We also 
reques ted that its boundaries be "hard, " that is mandatory as opposed 
to merely des irable lighting constraints . In parallel with this,  we 
have asked MPAD to cletermine the sort of dispersion we can expect to 
have in TPI time baBed on the new miss ion plan and the latest spacecraft 
systems performance e stimates . When this information i s  available, we 
will select the nominal TPI time . This choice must be made quite soon 
because it influences the Operational Trajector·y and ma:p.y other associated 
things . ( If the VHF ranging device is  added to the D mission command 
module, the situation could be relaxed considerably. That w >Uld certainly 
increase the command module rescue capability by a substantill amount . )  

The Rendezvous Navigation Mi ss ion Techniques panel we set up last t ime 
reported the results of their work. They were quite successful, I think, 
in establishing a set of procedures for W-matrix reinitialization inde
pendent of where they are in the timeline . Unfortunately, the tracking 
schedule they developed has proven to be unacceptable from a rendezvous 
radar thermal stand:point, at lea st for the old double-bubble rendezvous . 

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



An HCA man '-Ia�; at our meeting and gave us an excellent des cription of the 
pror;lem. Es sentially wha t it amounts to is  that the rendezvous radar 
thermal protection has been defined (as per specification) to an obsolete 
lunar landing mis s ion profile . As a result, there is too IID.lCh insulation 

2 

on the stability gyro package and shaft motor for a long, earth orbital 
rendezvous like D. What actually happens is that the fluid in the gyro 
expands until the expansion bellows burst . After that there i s  no control of 
antenna position making i t  impos sible to obtain radar observations of' the 
command module. The new mis s ion profile will probably be marginally acceptable 
but it involves a lot of turning on and off the rendezvous radar by the crew . 
This seems like a rather serious problem that could be fixed quite eas ily. 
That i s ,  reduce the amount of insulation. Since the meeting, I have 
contacted Aaron Cohen, who is  now geting his people looking into thi s . It 
seems to me that the insulation should be designed specifically for the 
D mis s ion radar. W:lthout the radar the situation becomes extremely 
serious - no data into the LM at a ll .  And the CSM has a pretty lousy 
rendezvous guidance system unless the VHF is added. 

� w. �----;--

PA : HWTindall, Jr . :  j B 



TO 

' � P'OftM NO. to 
MAY 1- IEOITION 
GSA PPMR (<11 CPIII:) 101•11•1 

UNITED STATES GOVERNMENT 

Memorandum 
: Informal Distribut ion DATE: SEP 1 3  1%3 

68-FM46-339 
FROM : FM4/Mathematical Phys icB Branch 

SUBJECT: D Mis s ion Rende zvous Navigation Mis sion Techniques Panel Meeting of 
September 11 , 1968. 

1. A meeting was held to define the time periods when the rendezvous 
radar would be powered up for tracking or other purposes and establish 
tracking schedules for the CSM and LM for the D Mission LM active s ingle 
bubble rende zvous . 

2 .  The rendezvous radar heaters are turned on at 90 : 56 ( hr : min g . e . t . ) 
and the subsequent rendezvous radar on-off schedule i s  as follows : 

RR on 

RR off 

92 : 21 93 : 02 

92 : 42 93 : 25 

93 : 41 

94 : 12 

94 : 23 

95 : 17 

95 : 52 

96 : 08 

96 : 23 

96 : 57 

97: 06 

98: 42 

It is imperative that a thermal analysi s  be performed as soon as 
pos sible using this s chedule . R. Kubicki has been given the action t o  
initiate the thermal analys is . The traj ectory data contained in MSC 
memorandum 68-FM64-280 of 1968 should be used . 

3 .  The C SM and LM tracking and W-matrix reinitialization schedules are 
included in the attached table . The as sumptions used to arrive at these 
s chedules are also included in the table . 

�Y. !J6 Paul T . �  

Attachment 

Distribution : ( See attached list) �...U�- .:.& U)�� f il:� du- �.e. 
-:z1-v�-� �;_.� ? 

TIM� tafot"reE�l�!! i:::"'_ �� ! ,  r.ot cf{; ··'-' :• . ;. ;- � ' .. 
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P. T .  Pixley FM4 

D. K. Mosel CF24 

s .  c .  Paddock MOO 

L. s .  Diamant TRW 

J, Shreffler FM4 

E .  Melle RCA (LM-TRNG. GAEC-Bethpage ) 

E .  s .  :Muller MIT 

R. A . Larson MIT 



ATTACHMENT 

1M Act ivity Timeline CSM Act ivity Timeline 

Ground Elapsed Time, hr :min; Event Ground Elapsed Time, hr :min; Event 

93 :20 IMU Alignment 93 : 20 IMU Alignment 

93 : 46 Phasing 93 :46 Phasing 

(93 :53 IT* 1\ 19%:57 IT* � 
1 . (.94 :00 CT** 94 :08 CT** 

i94 :02 IT t94 :30 IT (3/1, *** ) 
'1 94 :11 CT 

lt\- 94 :44 CT \94 :25 IT 95 :06 Undecked Alignment 

� ' 94 : 28 *** 195 :08 IT (3/1, ***, 3/1 ) 
• I t 95 :10 \ 94 : 45 CT CT 

· .  

94:06 Undecked Alignment (start at 94 :51) 95 :38 Insertion 

�:5 :08 I T  r95 : 45 IT (3/1, **il") 3 _95 : 11 CT \{ 96 :00 CT 
95 : 38 Insertion f95: 4 l l  IT 

tj.. 95 : 48 CT, *** 
�95 :49 IT 

4 l95 :53 CT r =54 IT 
I� 96 :07 CT 

96 : 19 CSI 96 :19 CSI t96 :25 IT 2. t96 :31 IT (3/1, ***, 3/1 ) 
1\- 96 :29 CT, *** 96 :33 CT, *** f:6 :30 IT \96 :37 IT 

t.o 96 :50 CT \O {96 :47 CT 

97 :02 CDH 97 :02 CDH 

4 (97 : 08 IT �:7 S09 IT (3/1, ***, 6/5 ) 
l97 :12 CT, *** c, 97 :15 CT, *** l97 :14 IT i97 :36 IT (3/2 ) 

tf 9'( : 18 CT z 97 :38 CT 

( �97 : 20 IT 
,rn

:4o IT ( (X>5 )/5 ] 
(37 : 25 CT 97 :45 CT 

/ q, �. 



LM Activity TimeHne 
Ground Elapsed Time, l� :min; Event 

197 : 27 
;(, 97 :43 

97 :55 

4- >97 :58 
L98 :o2 

98 :05 

'l. > 98 :06 

L98 :o8 
& f 98 :08 

98 :14 
98 :17 

IT 
CT 
TPI 
IT 
CT 
MCCl 
IT 
CT, *** 

IT 
CT 
MCC2 

* Initiate Track, IT 
** Cease Track, CT 

*** Reinitialize 

CSM Activity Timeline 
Ground Elapsed Time , � :min; Event 

97 :55 TPI 
(98 :00 IT (5/3 ) 

'!':> t98 :03 CT 
98 :05 MCCl 

{98 :07 IT (3/1, ***, 3/1 ) 
2. 98 :09 CT 
� 198 :12 IT (5/3 )  

98 :15 CT 
98 :17 MCC2 

a/b a = number of marks and b = time interval 



ASSUMPTIONS USED IN TRACKING 

SCHEDULE PREPARATION 

l .  To standardize the LM tracking schedule preceding the CSI, CDH and TPI 
maneuvers, the time required for the preparat ion to execute CSI, CDH, or 
TPI is assumed to be 1.2 minutes . 

2.  For the CSI and CDH maneuvers, one minute from the I.M maneuver init iation 
time was allowed for the command module pilot to either 

a .  initiate his mirror image maneuver or 

b .  initiate the maneuver to take him to the track attitude . 

3 .  To standardize the I.M tracking schedule following the CSI and CDH 
maneuvers, the time required to maneuver to the track attitude is assumed 
to be completed six minutes following these maneuvers . 

4 .  In order to standardize navigation procedures and use the CSM and 
LM navigation systems effectively, MIT has proposed the W-matrix reinitiali
zations when performed (see schedule ) be placed three marks and four marks 
deep into the tracking interval following a maneuver for the CSM and I.M, 
respectively . 

5 .  The trajectory used for determining these schedules is documented in MSC 
memorandum 68-FM64-280 . 



TO 

FROM 

OPTIONAL P'ORM NO. 10 
MAY lila EDITION 
GSA PPMR (41 CJ"R) 101-11.1 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief, Apollo Data Priority Coordination 

DATE : September 23 , 1968 

68-PA-T-203A 

SUBJECT: D Rendezvous Ground Rules and Working Agreements update 

l 
!!010-1011 

Attached are the ground rules and working agreements updated based on 
our September 9 Mis[;ion Techniques meeting. They reflect the new, 
simplified D Rendezvous exercise - primarily changes in the football 
trajectory and the "insertion maneuver" plus a bunch of things we 
were able to delete .. As noted in my last report of this subject, 
the most significant open item is the selection of the nominal TPI 
time and definition of the acceptable lighting conditions for it -
i . e . ,  its "window" . Based on the studies underway, the procedures 
will have to be adjusted to assure meeting the constraints after 
they are defined and put in order of priority. 

And - of course , we 've gotta get that rendezvous radar thermal mickey 
mouse fixed! Other action items I failed to list previously are as  
follows : 

a .  The AGS people of TRW were asked to recommend the proper 
technique for managing the AGS in the event the PGNCS has failed and 
the CSM makes maneuvers since it has no program comparable to the 
PGNCS "Target /). V" H.32 .  

b .  FCD was asked to determine the latest time the E memory could 
be dumped providing the MCC-H sufficient time to respond in its check
out and correction, if necessary. 

c . GCD was asked to determine which CSM RCS thruster should be 
used for the RCS Sepration burn (i . e . , -z or x ) - or at least which 
would cost less RCS propellant, taking into account the altitude maneu
vers and altitude hold required in  each case . 

d .  MIT vias asked to look into reducing the time required for observ
ing the PIPA 1 s  in their bias test to less  than the current 256 seconds . 

I guess we ' ll get together again sometime . We haven ' t  scheduled that 
meeting yet .  We are planning to get a smaller group together to review 
the reviced D Rendecvouc Miooion on Oo�4

�
,
�

1�9
_
6
_
8 __ • ______ __ 

Howard W.  Tindall, Jr . 

Enclosure 

PA : HWTindall, Jr . : j s  
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September 12, 1968 

"D" MISSION RENDEZVOUS GROUND RULES, WORIITNG AGREEMENT3 

AND THINGS LIKE THAT 

l. General 

a. The reference trajectory is that provided by MPAD, dated August 22, 

1968, and as amplified in Appendix I. 

b. Nomenclature for the burn sequence following undocking is: 

(1 )  
( 2 )  

( 3 )  
(4 ) 
( 5 )  

( 6 ) 
( 7 )  

( 8 ) 

RCS Sepration 

Phasing 

TPI - If abort from football 0 
Insertion 

CSI 

CDR 

TPI 

TPF 

c. The rendezvous will be run throughout with the vehicle roll angles ';;;' 

0° . The only exception to this is the RCS Separation burn where the CSM roll 

is 180° . A 180° roll will be performed by the CSM immediately prior to or 

during the IMU alignment rollowing the RCS Separation burn. ( i. e., TPI from 

above will be initiated "heads down" and TPI from below will be initiated 

"heads up" for either vehicle. ) 

d. LM and CSM s tate vectors time tagged 12 minutes before RCS Sepration 

are uplinked to the CMC and LGC prior to undocking. State vectors are not 

sent to either vehicle again during the rendezvous. 

e. On both spacecraft all rendezvous navigation will be carried out to 

update the LM state vector. That is , the LM radar data would be used to 

update the LM state vector in the LGC and the CSM sextant data would be used 

to update the LM state vector in the CMC. 



f .  On both spacecraft the rendezvous navigation W-matrix will be set to 

1000 feet and 1 fps initially and whenever it i s  reinitialized periodically 

during the rendezvous . 

g .  The CMC ' s  LM state vector will be updated after each LM maneuver 

with the P-76 Target A v  routine using the pre-burn values as determined in 

the LM' s pre-thrust program 

h .  The AGS should be maintained in that state which makes it most useful 

to perform the rendezvous in the event of PGNCS failu:re . If, after having 

established the preferred techn:iques in accordance with that ground rule, it 

is  poss ible to include some AGS systems tests without jeopardizing crew safety 

or other mission objectives , they would be considered . 

i .  The state vectors in the AGS will be updated each time PGNCS is  

confirmed to be acceptable . Th:L s will likely be at each time it is 

committed to make the next maneuver using the PGNC:3 except perhaps TPI . 

j .  AGC alignments will be made each time the PGNCS i s  realigned and 

each time the state vector in the AGS is updated from the PGNCS . 

k.  If PGNCS , RR, or G&N fails while in the footlJall trajectory, the 

rendezvous exercise is  terminated at the TPI opportunity. 0 
1 .  The AGS is not mandatory for the rendezvou:o exercise . That i s ,  if  it 

fails p:rior to or during this mission phase,  the exereise shall continue.  

m.  As soon as poss ible after powering up the l�GC , the E memory will be 

dumped via T/M so that the MCC-H may check its contents for completeness 

and accuracy. If neces sary, the MCC-H will reload via uplink any important 

parameters found to be in error . 

2 .  Prior to Undocking 

a .  The crew will synchronize the CMC clock as precisely as possible utiliZ·· 

ing information voiced from the ground . The crew will provide initial synchro-

2 



nization of the LGC to the CMC clock. The ground will provide the necessary 

information by voice for fine synchronization of the LGC clock. This 

supercedes the mission rule which specifies resynchronization of a space-

craft clock only whenever it disagrees with the ground reference by more 

than 0 . 5  seconds . 

b .  The LM Rendezvous REFSMMAT is  that of a "nominal" alignment for 

T (align) = TIG ( TPI ) . It will be uplinked from the ground . 

c .  The CSM Rendezvous REFSMMAT is defined by a stable member orientation 

where : 

X CSM = Z LM 

Y CSM = Y LM 

Z CSM = -X LM 

d .  Prior to undocking, the CSM will maneuver the docked vehicles to 

an inertial attitude such that with no further attitude maneuvering the 

CSM will be oriented approximately 180, 0, o, (roll, pitch, yaw ) with respect 

3 

to the local vertical frame at the time of the RCS Separation.  The difference 

between the exact local vertical attitude and 180, 0, ·o is due to the regress ion 

of the line of modes from TIG (RCS Separation) to TIG ( TPI ) ,  and the fact 

that the CSM REFSMMAT is nominal at TPI . 

e .  The only in-fli@1t adjustment of the LGC PIPA bias compensation 

parameters included in the nominal flight plan shall be done by the crew while 

docked to the CSM. The values will be updated regardless of how small the 

change . ( i . e . ,  there is  no lower threshold ) The crew will inform the MCC-H 

of the new values at the next MSFN station contact poss ible . The MCC-H will 

continually monitor the :IMU performance and will advise and assist in additional 

updates if the compensation becomes in error by more than a specified threshold. 

Currently thi s threshold is set at . 003 ft . /sec . 2 • 



f .  An AGS accelerometer calibration shall be performed while docked at 

about the same time as the PIPA compensation. This will be the only AGS 

accelerometer calibration in the nominal flight plan. AGS gyro calibration 

shall � be performed during the rendezvous exercise period of activity. 

4 

g . Prior to undocking, but following the CSM attitude maneuver to RCS 

Sepration attitude, the LM IMU will be aligned to the CSM IMU using the docked 

alignment procedure which takes advantage of a known C:3M inertial attitude and 

known CSM/LM geometery (with account of the docking ring angle /:::. ¢ being taken) 

to coarse align the LM IMU to the inertial frame . The CSM and LM gimbal angles 

are then compared directly (via Vl6N20 ) and coarse align and attitude dead 

banding errors are removed by direct torquing of the LM IMU gyros via the 

fine align routine (V42 ) . It is  necessary for the MCC-H to compute and relay 

the gyro torquing angles to the crew in order to carry out this procedure . 

h .  'rhe formula used for docked alignments with identical REFSMMA'IB i s :  

OGALM = ( 300 + /). ¢ ) -OGACM 

IGALM = IGACM + 180 

MGALM = -MGACM 

H"here /:::. ¢ is the docking ring angle . 

i .  'rhe formula used for docked alignment where the stable members are 

oriented : 



• 

is : 

I� = IGACM + 90 

MfiA__ _ . = MGA = 0 
-LM CM 

This is a special formula only valid where the CM MGA = 0 .  This set of 

equations will be used for the LM alignment prior to undocking . (Equation 

verification is given in MIT/IL Apollo G&N System Test Group Memo No . 1224, I dated August 2.3, 1968. This reference notes there is a possible error in 

the sign of the /1 ¢  term .. ) 

3 .  Undocking, station keeping and LM inspection 

a .  Undocking will take place 25 minutes prior to the RCS Sepration burn 

with the CSM oriented to the inertial attitude for that burn. Average G will 

not be on in either vehicle during the undocking or station keeping phase.  

This will preserve the relative state vectors until Average G comes on in the 

CSM 30 seconds prior to :RCS Sepration. 

b .  Following undocking, the CSM will maintain attitude and will be 

responsible for station keeping. The LM will yaw right 120° and pitch up 

90° placing the two spacecraft "nose-to-nose . "  ( crewmen "nose-to-nose " )  

c .  The LM will yaw through 360° (1°/sec ) permitting the CSM to conduct 

a visual inspection of the landing gear and LM structure . 

d .  Afte·,· completion of 3c,  the LM assumes the station keeping task while 

the CSM prepares for RCS Separation. 

4 .  RCS Sepration and Mini-football 

a .  The configuration of the spacecraft at the RCS Separation burn will 

be LM leading the CSM, both heads down facing each other with zero relative 

velocity. (Orbit rate F'DAI ' s  - LM: O, 180, 0 ; CSM: 180, O, 0 ) . (FDAI 
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total attitude is  read in the order roll, pitch, yaw; ThiD gimbal angles are 

read in the order outer, inner, middle ) .  

b .  The CSM will execute a 5 fps radial inward burn for the RCS 

Separation burn; i . e . ,  the CSM will 5 fps -Z (body) . This burn will 

employ the P-30, P-41 sequence . LM uses R-32 to update CSM state vector in 

the LGC . The /lv residuals will be trimmed to within 0 . 2  fps ,  all components . 

c .  On entering darkness  after the RCS Sepration both spacecraft will 

perform REFSMMAT IMU alignments . 

d .  The CSM and LM COAS will be calibrated during the mini-football and 

will not be moved again after that .  The LM utilizes the foward window . 

5 .  Phasing Maneuver and Football 

6 

I 
a .  The magnitude of the phasing burn is always re-established inflight .  J 
b .  The phasing burn will be executed under AGS control with PGNCS 

monitoring by use of programs 30 and 40 . The throttle will be set at 10% 

for 15 seconds at which time it will be advanced crisply to approximately 

40% and left there until auto-cutoff . 

c .  The horizon is used as a burn attitude check prior to the phasing 

burn when AGS is under control . 

this check. 

d .  Phasing burn monitoring 

The crew determines the LPD pitch angle for 

( 1 )  Attitude and/or attitude rate limits are exceeded - terminate 

the burn . 

( 2 )  Overturn - Back up AGS engine off three ( 3 )  seconds after the 

PGNCS "engine off time" is  indicated . 

e .  Upon completion of the burn, the LM Shall be o:riented with X-axis 

vertical and the y and z body axis !J.v residuals will be trimmed to zero . 

I 
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The x body 11 V residual will be trimmed to within 2 fps to maintain 11 h with 

1/4 mile . 

f .  While in the football, both vehicles will exerc i se their complete 

rendezvous navigation systems and will update the LM state vectors in the 

LGC and CMC . The TPI targeting resulting will be used not only for maneuver 

execution if necessary, but also to evaluate the performance of the LM PGNCS 

and CSM G&N, providing confidence in proceeding with the Insertion maneuver. 

As noted previously, these onboard determined state vectors will not be 

updated from the MCC-H. 

g .  On entering the darkness  period about a quarter of a revolution 

before the phasing burn, both spacecraft will perform REFSMMAT IMU alignments .  

h .  If it i s  found necessary to remain an extra revolution in the football 

prior to executing TPI or the Insertion burn, the same procedures will be 0 
followed as during the initial football revolution . 

6 .  TPI 0 

a .  IF PGNCS , rendezvous radar, or CSM G&N fails prior to insertion but 

after phasing, TPI i s  performed. As a standard operating procedure during 0 
the football rendezvous , the LM and CSM should both be targeted and prepared 

to execute the TPI if an abort is neces sary. If the failure is LM PGNCS , 

AGS is  used for executing TPI . 0 A 130 transfer angle shall be used for 

aborts from the football rendezvous .  - But staged or unstaged . 

[ .  Insertion Maneuver 

a .  MCC-H will compute and target the LM PGNCS for the Insertion maneuver 

in real time . External 11v targeting will be used, transmitted via the P21 

uplink route if the timeline permits . Voice backup (pad data) will always be 

relayed. 

b .  The CSM will also be targeted to make a maneuver to guard against a 

partial LM DPS burn falling outside the capability of the LM RCS to correct.  



This maneuver will probably be fixed preflight ( for example - 20 fps , 

horizontal, posigrade ) which ·would permit the LM to return to a football 

by RCS . 
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c ,  In the event the LM has performed a ullage maneuver prior to a DPS 

engine failure to start, the LM will remove that ��v to stay in the football . 

8 .  CSI and CDH 

a .  CSI and CDH maneuvers shall be targeted to cause TPI time to occur 

when the CSM is 25� minutes before sunrise .  TPI time is defined as the time 

at which  the elevation angle of the CSM with respect to local horizontal 

as observed by the LM is  27 . 5° ( see 9b ) .  

b .  The MCC-H will select and relay to the crew a single solution for 

each of the CSI and CDH rendezvous maneuvers which wi.ll be used by both 

spacecraft - for PGNCS comparison, AGS targeting, and CSM G&N mirror image 

target:lng, etc . It shall be that solution which :ls most compatible with 

the PGNCS . Some biases will be necessary for use in the CSM G&N . 

c .  As  a nominal procedure, the command module wi 11 be targeted with 

"mirror image" maneuvers to be executed with a one minute time delay in 

the event the LM i s  unable to maneuver .  In  order to  maintain TPI time and 

differential altitude within acceptable bounds it is  necessary to bias the 

radial A.v component of the CDH maneuver relayed to the CSM from the MCC-H 

by an amount established pre-flight (probably 4 . 3  fps ) .  No other A. v  I 
component of either the CSI or CDH maneuvers need to be biased in the CMC . 

d .  In order to compensate for approximations in the onboard CSI tar

geting program (P32)  resulting in a "nominal" TPI time shift, it i s  necessary 

to bias the TPI time the LM crew inputs to that program 120 seconds late . The 



crew shall bias CDH time 110 seconds later than determined by the PGNCS CSI 

targeting program (P32 ) when sequencing through the CDH targeting program 

(P33 ) to compensate :for an approximation in P32 which would cause a large 

radial component i:f uneorrected . 

e .  An out-o:f-plane !J. v  component will be computed by the 1M PGNCS :for 

CSI and CDH using R36 . This maneuver !J. V shall be executed unless it is 

less  than 2 :fps . This �V component will be included in the LGC/MSFC solu-

tion comparison. 

:f. 1M PGNCS � V solutions will be compared with the ground . I:f the 

solutions agree , the PGNCS solution will be burned . There will not be 

comparisons with AGS , charts , or CSM. 

g .  In the event the ground solution is to be used, i t  will be executed 

using the AGS which has been targeted with the MSFN solution as a standard 

procedure . The externa.l Av mode i s  used. No flv components o:f either the 

CSI or CDH maneuvers need to be biased in the AGS . 

h .  No radar data shall be input into the AGS prior to CSI and CDH . 

i .  There will not be any backup charts used :for CSI . The 1M shall 

have backup charts :for CDH and TPI . The CDH charts require a mininrum o:f 29 

minutes between CSI and CDH. The command module pilot will be unable to 

compute onboard chart solutions :for TPI due to the press o:f other activity 

and so they will not be available as a data source . 

j .  In the event the 1M has performed an ullage maneuver prior to a 

main engine :failure, the 1M will remove that /lv to maintain correct target

ing o:f the CSM mirror image burn. 

9 
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9 .  TPI 

[NOTE : Some of the follow:Lng items ( e . g . , 9a and 9c ) which involve 

lighting constraints have not been established as "being right, since they 

are based on an assumption that lighting is not mandatory. In fact, the 

lighting is currently considered mandatory under eertain circumstances .  

These items are included here to draw attention to this extremely important 

matter.. It is  all to be resolved as soon as results of analysis to 

determine firm lighting requirements and expected TPI time dispersions 

are available . Consideration is  being given to shifting to the P34 

TPI "t:.me option" from the "elevation option" if necessary to force 

TPI to occur within the window . This  business alBo has implications 

on 9d regarding the CSM procedures and the MCC-H Bolutions transmitted 

for comparison . These results of these studies may also cause a change 

in the nominal TPI time noted in Sa . ]  

a . Although studies have shown that if TPI time falls outside a 

window of approximately four minutes duration undesirable lighting 

conditions will result for one or both spacecraft, it has been established 

that it is more important to execute TPI at the proper elevation angle 

than to honor lighting constraints in terminal phase . That i s ,  lighting 

constraints are desirable but not mandatory. Nominal TPI elevation 

angle is mandatory. (See note above ) 

b .  The elevation angle to be used in the TPI targeting programs 

(P34 ) in both spacecraft shall be 27 . 5° for all rendezvous . A 130° 

transfer angle will be used for all rendezvous . 

c .  The LM s hall always use the elevation angle o:9tion in P34 for TPI 

targeting.  (See note above ) 

10 



d .  The CSM shall always use the elevation angle option in P34 for TPI 

targeting whenever it becomes the active vehicle . Therefore , the first 

time the CSM cycles through P34 it will use the elevation angle option; 

however, if the LM TPI solution is determined to be acceptable by com

parison checks , the CSM will recycle through P34 using the LM TPI time 

as input to the "time option. "  (TPI maneuvers will not be biased . ) 

e .  TPI shall be targeted onboard and at MCC-H to force a node at TPF 

( i .  e . ,  intercept ) .  The MCC-H shall supply this maneuver via voice (pad 

message ) in both External 11 V and line-of-sight components . 

f. If the LM PGNCS is working but rendezvous radar has failed, no 

external data will be input to the spacecraft systems----PGNCS , AGS , or 

charts . In this case , the command module executes the TPI and subsequent 

midcourse correction maneuvers and the LM does the braking maneuver if 

visibility permits . However, the command module, of course , must compare 

its TPI solution with the MSFN and that comparison must be favorable . ( If 

not, see 9h) The command module would voice relay to the LM the maneuvers 

it has executed in order that the LM crew could update the command module 

state vector in the LGC using the target 11v program. 

g .  If the LM PGNCS has failed, but the RR is working, compare the 

onboard chart solution for TPI with the MSFN. If the comparison is favorable 

execute the chart solution and, if not, use the MSFN �V' s  executed at a 

time determined onboard the spacecraft . The maneuver would be made using 

the AGS external 11 V mode .  

h .  If both the RR and the CSM G&N have failed, use the LM PGNCS to 

execute the MSFN TPI solution given in LOS coordinates at the time at which 

the elevation angle is 27 . 5° as determined onboard the spacecraft. 

11 



i .  If the CSM performs the TPI maneuver, RCS will be used rather 

than SPS as the propulsion system. Thi s  s implification significantly 

reduces the CSM crew loading and gives greater aseurance he will be 

able to do all things required of himo 

lC) 
c. 
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OI"TIONAL I"'ORM NO, 10 
MAY 1M2 EDITION 
GSA FPMR {41 CPR) 10Ht.l 

UNITED STATES GOVERNMENT 

Memorandum 
FA/Chief, Apollo Data Priority Coord ination 

· ·- .  -. . . . . , ..  � �-·�tnr 

DATE: September 17, 1968 

68-EM6l-293 
FROM EM6/Chief, Orbital Mission Analys is Branch 

SUBJECT : Reference traj ecto:ry usage for mission D rendezvous simulations 
and analyses 

l .  As a result of the recent change in the rendezvous profile for 
mission D ,  formal documentation does not currently exist which provides 
the traj ectory information required for rendezvous-associated analyses . 
The OMAB was requested in the "D" Rendezvous Mission Techniques meet-
ing of September 9 to define which , of the existing reference traj ec
tories ,  should be utili zed for interim analyse s ,  software testing , and 
flight crew support prior to the publication of the operational traj ec
tory ( currently scheduled for publication November 15 , 1968) . The OMAB 
recommends that the document , "Revision 2 to the Apollo Mission D 
Spacecraft Referenee Traj ectory , Volume I - Nominal Traj ectory, "  
(MSC Internal Note No . 68-EM-210 , dated August 22,  1968) b e  utilized 
for this purpose . The portion of the rendezvous profile from a ground 
elapsed time (g . e . t . ) of 98 : 42 : 44 . 7  (Hr :Min : Se c ) through TPF in this 
document i s  identieal to the current profile following the insertion 
burn from a lighting and relative motion standpoint . That i s ,  the rela
tive position and velocity at 98 : 42 : 44 . 7  are identical to those in the 
current profile at the completion of the insertion burn . MSFN coverage 
can be obtained from the reference document by using the current g . e . t . ' s  
for significant event s . These are as follows : 

Event 

Undocking 

Mini-football separation 

Phasing 

Insertion 

CSI 

CDH 

TPI 

TPF 

Current g . e . t .  

92 : 45 : 00 

93 : 01 : 45 

93 : 46 : 07 

95 : 37 : 49 

96 : 18 : 45 

97 : 01 : 33 

97 : 54 : 51 

98 : 26 : 49 

APPENDIX I 
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2 .  The flight crew is currently performing rendezvous simulations 
based upon the miss ion D reference trajectory (April 30, 1968) . By 
starting s imulations at the 97 : 5 5 : 10 reset point, performing CSI at 
the time reflected in this document (98 : 52 : 14 ) ,  and us ing as a nom
inal TPI time 100 : 29 : 00 (as opposed to the old value of 100 : 15 : 25 ) 
would afford almost the identical relative conditions as those in the 
current profile . Tha t is,  a

il
H of 10 n .  mi . and a time between CDH 

and TPI of approximately 53 minutes would result . This procedure is 
recommended for future simulations until the rest points are updated 
to reflect the operational trajectory. 

� . .c,J2. 0 _ _  _ 

Ed ar c. Linebe�ef 
Orbital Mission Analysis Branch 



TO 

FROM 

OPTIONAL. FORM NO, tO 
MAY 1M2 EDITION 
GSA PPMR (41 CP'R) 101•11,1 

UNITED STATES GOVERNMENT 

Memorandum 

See list attached 

FA/Chief, Apollo Data FTiority Coordination 

DATE : October 10, 1968 

68-PA-T-218A 

SUBJECT: D Rendezvous Mission Techniques 

15010-108 

On October 4 we met to review a draft of the D Rendezvous Mis sion 
Techniques .  Although we spent the entire day we didn' t get past page 
3 and so it is obvious we are going to have to beef up our effort in 
order to get all this cleaned up . In fact, I am going to schedule all 
day meetings every other Monday specifically for this purpose.  

I feel we did accomplish some rather important things in this meeting . 
The most significant was identifying exactly what pieces of equipment 
must be working in both spacecraft at each of four go/no go points , 
namely: 

a .  Undocking 

b .  Separation into mini-football 

c .  Phasing into football 

d ,  Insertion into CSI/CDH rendezvous 

This is the first time we have made a coordinated attack on this subject 
and I feel we were probably 90% successful or better . I have attached a 
table summarizing the results which you may find interesting. The decision 
as to whether each pieee of equipment was required or not in order to go on 
with the mission phase is  based on a pretty detailed understanding of how 
we want to do the rendezvous exercise and how we want to get out of trouble 
if other pieces of equipment subsequently fail. We adopted, as a general 
philosophy, that the command module must  be prepared to rescue the LM and 
so we insisted on having redundant CSM capability for all crucial operations . 
In the LM we were some1vhat more liberal assuming that the CMC rescue capability 
provides an adequate backup for the next LM systems failure for all operations 
except. braking . This philosophy seemed to us to provide the best tradeoff 
between crew safety and assurance of meeting mission objectives . One item 
I would particularly like to point out regards the AGS which we feel is not 
required for anything except Insertion into the CSI/CDH rendezvous . It may 
seem inconsistant that we are willing to make the phasing burn into the 
football rendezvous but then not go for the second bigger loop. 'Ihe reason 

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



was that most objectives will ·have been achieved in the football and the 
additional experience gained in the CSI/CDH rendezvous does not appear to 
justify the risk of demanding CSM rescue for subsequent PGNCS failure . 
Incidentally, the thing we want the AGS for in this case is  not rendezvous 
navigation or maneuver capability but as an attitude reference in the 
event we lose the PGNCfl . This  i s  considered important since without it,  
it may not be poss ible to keep the tracking light oriented toward the 
command module . 

Some other items I would like to list briefly are : 

a .  Whereas previously we had stated the MSFN solution for CSI and CDH 
would be used to target the AGS , the crew has a strong preference for us ing 
the PGNCS solution once it has been tested and found satisfactory. They 
feel this gives a better burn monitoring. Our main reason for having 
suggested using the MS:FN solution was to avoid unnecessary activity close 
to burn time , However, since the PGNCS solution is checked before the AGS 
targeting is loaded - that concern is  not longer valid .  

b .  We had stated that no radar da. ta would be input into 
to CSI and CDH. To this we are adding the football prior to 
the PGNCfl fails or it is  known that TPI will be executed .  0 

the AGS prior 
TPI unless 0 

2 

c .  It has been established that the LGC rendezvous navigation W-matrix 
will be initially set to 1, 000 feet and 1 fps . In addition, it is  necessary 
to set initialization value for the radar angle biases .  The value selected 
for this is . 001 radians . 

d .  We have established a mission rule the flight controllers should 
utilize in targeting the maneuvers prior to the rendezvous exercise in 
order to meet sati sfactory rendezvous lighting conditions and MSFN 
coverage . They may permit the �h for TPI (that is ,  the football 
rendezvous ) to vary + 1 nautical mile . Th2 �h for TPI should be tar
geted to be 10 + 0 nautical miles . Actually this tolerance variation 
in the football-provides quite a bit of control for the real time miss ion 
planner and he should be able to do the CDH targeting to meet the TPI h. h 
constraint . 

An open item still hanging around deals with whether or not an AGS gyro cal
ibration should be performed during the rendezvous exercise . I believe both 
GAEC and GCD have stated it should not for fear of screwing up the AGS gyro 
calibration. TRW' s  AC:S people , I believe , would like to have the calibration 
done since they feel it would greatly improve the accuracy of the system. 
Of course , everyone agrees with that providing the calibration works . We 
must vote everyone concerned with this again, I guess ;  right now the crew 
has included it in the timeline while JIO ed to th

_
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LM systems required to continue tre exerci s e  assuming that CSM rescue 
provides an adequate backup for fai lure(<:.tc c f� �>'«1.:-�). 

SEPARATION lNTO PHASING lNTO INSERTION , 
LM SYSTEMS UNDOCKING MINI -FOOTBALL FOOTBALL CSI/CDH 

PGNCS LGC Rl R R R 
IMU Rl 1�. R R 

AGS3 AEA NR NR NR R2 

ASA NR NR NR R2 

CES Rl R R R 
DPS /DECA NR NR R4 NR5 

RR6 NR R '7  R R 
Tape Meter 8 NR NR NR NR 
Event T imer NR NR NR NR 
FDAI • s9 NR R R R 
AOT or COAs 1 0 NR NR R R 
Hand Contro l l ers 1 1  R R R R 
Cross Pointers NR NR NR NR 
CSM Tracking Light NR NR NR NR 

Redundant CSM Systems required to provide LM rescue capabi l i ty without 
LM assistance . 
GNCS CMC NR NR9 R R 

IMU NR NR9 R R 
SXT Optics NR NR R R 
SCT NR NR R R 

COAS NR NR NR NR 
scs BMAGS NR NR9 Rl2 Rl2 

GDC NR NR NR R 
FDAI 1 s  NR NR9 R R 
SPS NR NR NR R 
DKSY 13 NR NR R R 
Handcontro l l ers R R R R 
EMS t:N Counter NR NR NR R 
Event Timer NR NR NR NR 
LM 

l .  
2 .  

3 . 
4 .  
5 .  
6 .  
7 .  
8 .  
9 . 
1 0 . 

1 1 .  
1 2 .  
13 . 

1 4 .  

Trac:-:!ng Light NR NR14 R R 

Ei ther PGNCS or CES required since "Direct" is assumed acceptable for docking. 
Assuming additional experience gained in the CSI /CDH rendezvous does not 
j us t ify the risk of demanding CSM rescue for subsequent PGNCS failure, 
Includes DEDA . 
Alternate mi ssion may be poss ible.  
Nominal traj ectory possible with APS/RCS , 
Includes transponder , �ow-e ,·""· '90<�� .... +-Separation acceptable ifA test object ive can be accomp l i shed . 
Assuming RR self-test ( V k l.. ) �v o ,; � ,, '�'<<"" I'<R ,...,.,.Jlo.;'l- 0 
One or the other required - not both, 
Assuming rendezvous navigation studies show uncalibrated COAS IMU al ignment 
is adequate to make f l ight meaningf u l ,  
Translation and at least one RHC . 
One/ chan·n e l .  
Crew to verify o n e  CSM DSKY adequate t o  perform rescue f o r  S P S  burns and 
navigation. 
Assuming running or cabin l i ghts are visible at 2 . 5 NM .  

1-7  
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TO 

FROM 

OPTIONAL FORM NO. 10 
MAY 1t82 EDITION 
GSA FPMR (41 CI'R) 101 .. 11.1 

UNITED STATES GOVERNMENT 

Memorandum 
: See list attached 

FA/Chief, Apollo Data Priority Coordination 

DATE: October 17, 1968 

68-PA-T-227A 

SUBJECT: D Rendezvous Open Items , Action Items or whatever you call them 

I ' ve reviewed my notes of the D Rendezvous meetings over the last 
couple of months and have found the following open/action items . I 
guess most, if not all, are being worked on. But time grows short 
and so I ' m  sending this list around to make sure of it . If you knm; 
of others ,  please give me a call. 

1. ( TRW) What are the expected I:J.v residuals at the conclusion of 
the AGS controlled, DPS phasing burn? We want to null the x-axis to 
within 2 fps but must avoid excessive RCS jet impingement .  

2 .  (MPAD) Shall the DPS be staged for rendezvous a t  TPI? I t  has 
been decided that the greatly improved vehicle maneuverability and 
resultant saving in RCS fuel makes this desirable, provided no recontact 
with the staged DPS is positively assured. Ed Lineberry is  developing a 
technique to do this .  

3 .  (MIT) Braking procedures are placing heavy weight on the 
rendezvous radar range and range rate , of course . If the tape meter 
fails , it is hoped that the crew can get raw radar data displayed on 
the PGNCS DSKY by use of the V62 RR self test routine . MIT is requested 
to verify this technique works and inform us of any constraints or 
idiosyncrasies involved in this procedure . 

4 .  (MPAD/ASPO) What is  the accuracy of the PGNCS rendezvous 
navigation when using an IMU aligned with the COAS rather than the AOT? 
ASPO should define the accuracy of a COAS which has not been calibrated 
inflight . 

5 .  (MPAD/MIT) When computing the TPI solution us ing the PGNCS 
Elevation angle option, what solution will0be obtained? Note that the 
spacecraft will pass through 27. 5° two times in the football trajectory. 

6 .  What other problems or special procedures are needed for the TPI 
maneuver, if any? For example , can dispersions make it more desirable 0 
to use the time option. It is interesting to note that the TPI maneuver 
is  applied more-or-less  away from rather than toward the target0spacecraft ! 
This certainly affects thelbackup techniques involving boresighting along 
the LOS developed for a "standard" rendezvous TPI . 
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[ .  (TRW/AGS ) How is the CSM state vector 
PGNCS has failed and the CSM makes a maneuver? 
equivalent to the PGNCS "Target /1 V" (R32 ) .  

in the AGS updated if the 
Note the AGS has no program 

8.  (FCD) Assuming the LGC is  powered down after the docked DPS 
burn (is this true or i s  it set to standby? ) , an E memory check i s  
probably needed to commit to rendezvous . If required it  must be added 
to the timeline and positive procedures developed to do it .  

9 .  (MIT) Can the time required to make a GNCS PIPA bias test  be 
reduced to les s  than 256 seconds ? 

10 . (MPAD ) Determine expected { 3  s igma ) shift in TPI time from nomin�l 
during the rendezvous to assist in selecting the TPI situation to aim for . 

11 . (FCSD ) Define TPI window of acceptable lighting conditions and 
degree of constraint "hardness . "  

12 .  (Data Priority ) Based on 9 and 10 (above ) establish the mission 
techniques regarding under what conditions , if any, the "Elevation Angle " 
option for TPI should be abandoned in favor of the "Time" option. 

13 . (GAEC/TRW/GCD) Shall an AGS gyro calibration be performed during 
the rendezvous period of activity? This depends on expected improvement 
in performance versus probability of screwing up the system. 

14 . How do we verify that the AGS is properly aligned from the PGNCS 
given the possibility of CDU transients ? 

15 . Of course techniques 
are still undefined and must 

PA :HWTindall, Jr . : j s  

for monitoring all of the main engine maneuvers 

b;Jl:e��ill{ , 
Ho-rd W.  Tindall, Jr . � 
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SUBJECT: D Maneuver Monitoring Miss ion Techniques 

On November 4 we had our first-and-last D Maneuver Monitoring Miss ion 
Techniques meeting . In addition to all interested MSC organizations , it 
was attended by MIT, NR, TRW, and GAEC. We spent the day going through 
all of the SPS maneuvers both docked and undecked, except for those 
assoc iated with the rendezvous and the docked DPS burn, and discussing 
the pre -burn systems checks and the actual burn monitoring technique s .  
I believe we establiBhed procedures which should do the j ob and I feel 
they can be considered firm. The crew and the flight controllers intend 
to use these techniques in the forthcoming simulations and changes will 
only be considered to those which simulations show to be unacceptable . 

Following is a list of final agreements which apply to all SPS maneuvers : 
--� - -

1 .  I t  is intended to use the onboard computed weight and S PS  trim 
gimbal angles stored from the previous burn in the DAP, unless they differ 
from the MCC-H ground values by more than 10 percent and . 5  degree res 
pectively. If any o:f the three parameters exceed the limit, all three 
will be updated .  

2 .  Except for retrofire, i t  i s  intended to use the onboard computed 
REFSMMAT for all maneuvers as determined by us ing the "preferred" alignment 
option. The MCC-H will compute and compare REFSMMAT with the onboard values 
primarily as a check for some procedures or communications error.  This will 
be done by determining the angular difference between them, which should be 
zero . If it is in exce ss of . 5  degree ,  the G&N should be considered no go . 

3 .  It was concluded that the check of onboard computed apogee and 
perigee heights (ha and hp) i s  unnecessary and will be dropped from the 
procedures . In addition, these values will be dropped from the maneuver 
PAD message . 

4 .  Prior to each maneuver, the crew shall make a maneuver attitude 
check using a sextant star . The shaft and trunnion angles of the star 
must agree with the PAD values to within five degrees or the burn i s  no 
go . If the crew is Qnable to see any stars ,  tha t check will be dropped 
for that burn . 
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5 . In place of the previously proposed P40 VG test,  we are substitu
ting a check on the /). VR . This  parameter must agree with the PAD value to 
within 10 fps . 

6 .  Another CMC pre-burn check is through use of the Ground Track 
Determination program (P21) . 'rhe crew will check latitude , longitude , 
and altitude against the PAD values to determine that they are within 
limits in order to give a G&N go . The limits are . o;! degree and . 2  n . m .  
respectively. 

7 .  An attitude excursion limit of 10 degrees has been established for 
all SPS burns . Five degrees a second is  the attitude rate limit .  If  the 
crew ascertains that either of these limits have been exceeded as indicated 
by two independent data sources (primarily the BW�GS and visible cues) ,  
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they will takeover using SCS MTVC to damp rates and will shutdown the engine . 
An exception to this i s  that during the initial start transient, an attitude 
excursion beyond 10 degrees will be considered acceptable if, in the crew ' s  
judgment, it  is  truly due to the start transient and GNCS control of the 
spacec:caft is s till acceptable . (G&CD has the action item of approving thL3 
MTVC takeover procedures for safety when applied to docked burns . I have 
been told by Ken Cox that studies are underway, the results of which so far 
indica-';e this procedure is  acceptable . )  

8 .  The EM3 D.v counter will not be used a s  part of the crew moni taring 
procedure to avoid over burn. �'hat i s ,  for purposes of s implicity it was 
decided to backup the GNCS engine cutoff based on burn duration only. The 
procedure is  for the crew to manually shutdown the engine if the GNCS has 
not done so within five seconds of' the nominal burn time for docked SPS 
burns and within one second of' the nominal burn ti.me for undocked SPS burns . 
The nominal burn time i s  included or. the maneuver PAD for each burn. 

9 .  Although the EM3 will not be used to monitor against an over burn, 
it  will always be set up to provide an automatic c:utof:e if' the crew switches 
to SCS . Accordingly, it is intended to slew into the �V counter that value 
( �VC ) which would cause it to provide as  accurate a cutoff' as pos sible . 
In other words , tailof'f' and known accelerometer bias •-vill be taken into 
account when computing the /1 VC included on the maneuver PAD .  

10 . Except for retrofire, the crew "lvill not tr im otny flv residuals 
following any SPS maneuver . 

11 . S ince the firyt SPS burn i s  made before adequate checks of the G&N 
can be carried out to insure proper GNCS operation, we propose to utilize 
some special techniques for that one burn. Essentially we intend to evaluate 
the GNCS performance during the launch phase on the D mission exactly as we 
do as part of' our TLI go/no go procedure on the C '  mi ssion. The procedure 
involves comparing the performance of the spacecraft GNCS with the SIVB IU 



during the launch phase . If the differences do not exceed certain pre· 
established limits (which incidentally are the same as · C ' ) no further 
special checks are required to declare the GNCS go for SPSl• If the 
limits are exceeded, the crew will perform an additional platform align-
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ment (REFSMMAT Option ) to the pre-launch orientation just prior to the 
�ligning to the burn REFSMMAT. If the gyro torquing angle s indicate that 
the drift rate has been less than . 6  degree/hour s ince the fine ali gnment 
while docked to the S IVB, the GNCS is declared go for the burn. Incidentally, 
the GDC is also checked during the same period . Its no go limit is 10 
degrees/hour on all three axes . 

Obviously, special procedures are required for the docked DPS burn . This 
maneuver is extremely unusual and provides the greatest chances of screw
ing up procedurally. Prior to the maneuver, the following steps are taken: 

1 .  The LGC E-memory will be dumped to the ground and checked by MCC-H. 
If any of the critical E-memory values are in error, they must be updated 
prior to the burn. 

2. MCC-H will compute and relay to both spacecraft that REFSMMAT which 
is consistant with the LM x-axis aligned along the velocity to be gained 
by the maneuver and the y-axis shall be horizontal. Both spacecraft will 
utilize the same RE�SMMAT. 

3 .  The MCC-H will updat� the state vectors for both vehicle s .  The 
same external �V targets will be uplinked to both vehicles . (There is some 
que stion as to how the CSM will monitor the maneuver . One proposal i s  to 
call up the SPS thrust program (P40 ) ,  which would be operated just as 
though it was controlling the maneuver .  However, we ' re not sure how it 
will perform when the �V targeted and achieved i s  in the negative x 
direction. MIT was asked to advi se us on this matter:J . 

4 .  The CSM will maneuver the two spacecraft to near burn attitude 
using onboard computed gimbal angles . The LM completes this attitude 
maneuver using R60 . 

5 .  Both spacec:raft will perform burn attitude checks , the connnand 
module. using a sextant star and the LM using an AOT star while the 1M 
controls attitude during the last darkness period prior to the burn . Five 
degrees has been established as the go/no go limit . 

6 .  The DPS trim gimbals will be moved prior to the maneuver to verify 
they are operating properly and will be reset to ali gn the thrust vector 
through the e . g . taking into account engine mount compliance at 40 percent 
thrust.  Assistance by MGC•H is required since there is no onboard indica
tion of engine gimbal angle . The technique will involve iterative attempts 
to align the engine which will be continued until they are within a 0 . 1  
degree of the desired values .  



7 .  The AGS will be initialized and used in the follow-up mode exactly 
as it :i.s f'or the undocked DPS burns . Of course, there is no consideration 
given to taking over with the AGS . 

8 .  We established an attitude limit of 10 degrees and an attitude rate 
limit of five degrees per second . However, this maneuver is likely to 
include some pretty wild attitude excurs ions , particularly as the thrust 
level is varied, which could easily exceed those limits . During the se 
transient periods, it must be left to the crew ' s  judgment whether a diver
gent situation is occurring or not .  We did establi sh that a 45 degrees 
attitude excursion is an absolute limi t .  This should be coincident with 
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the "VG increasing" alarm. If these occur, the DPS should be manually shut
down. The trim gimbal light i s  essentially ignored throughout the burn 
s ince it cannot really be trusted for anything . 

9 .  Following manual shutdown, attitude control is  turned over to . 
the CSM. If a malfunction occurs requiring premature burn termination 
with excessive attitude rates , they will be damped using the LM y and 
z -axis RCS translation jets . 

As noted previously, the above techniques do not necessarily apply to 
the maneuvers during the rendezvous or rendezvous abort situations . These 
techniques will be dis cussed at our_ next rendezvous meeting on November 18, 
at which time any special procedures for those maneuvers will be identified, 
a greed to, and documented . 

��;..� 
Howard W .  Tindall, Jr . 

Enclosure 
List of Attendees 
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SUBJECT: D Rendezvous Mission Techniques 

!1010-108 

This memo is to tell you about the results of the November 25 D 
Rendezvous Mis sion 1echniques meeting.  Except for a number of small 
clean up items, we spent most of our time talking about how to handle 
slippage of TPI time and incomplete Insertion and Phasing maneuvers . 
After an exhausting discussion, I think we have those items under 
pretty good control now . 

1 .  There was a discussion of various techniques for aborting from 
the mini-football. The only procedure we will pursue is for the CSM 
to make a "tweak" maneuver at the horizontal crossing if necessary to 
return the two spacecraft to a nominal relative motion mini-football. 
This maneuver will be made only if it is known that an abort is required. 
It shall be based on a chart the command module pilot carrys . 

2 .  It had previously been decided to stage the DPS if the LM must 
make the TPI maneuver - abort from the football. Of the several 
techniques p�oposed, the one most favored now to preclude DPS recontact 
is  to impart an out-of-plane �V to it as  part of the TPI maneuver. 
The crew is going to try out the following procedures in tRe s imulator 
and if acceptable we will stick with them for flight . 

a .  Just prior to TPI TIG but after Average g comes  on, the LM 
will thrust laterally using the y-axis RCS jets to build up approximately 
5 fps out-of-plane . 

b .  At TIG they will start thrusting with the plus x-axis RCS 
jets and stage the DPS as soon as acceleration exists . The out-of-plane �V will be removed with the TPI thrusting with the x-axis jets by 
yawing the spacecraft (i . e . ,  spacecraft roll ) . (we are told there is  
no problem in reinitializing the attitude control DAP for the staged 
configuration in SUNDANCE . ) If the CSM is active for TPI , the LM 
shall not stage the DPS . 0 

3 .  It had been recognized that when computing TPI in the football 
trajectory it is  possible to get two different solutions since there 
are two times the relative angle between the spacecraft pas ses through 
27 . 5  degrees .  Both .MPAD and MIT have run analysis to determine what 
happens and how to handle the situation. The following table summaries 
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the results : 

Time From Phasing PGNCS Operation 

0 to 45 minutes Alarm code (no solution )  

45 to 85 minutes 

8�5 to 87 minutes 

Greater than 87 minutes 

Desired solut1.on obtained (TPI = 70 minutes )  

Wrong solution obtained (TPI = 87 minute s )  

Fails to converge 

The nominal TPI time we want to use is  abou;� 70 minutes after the 
Phasing burn an1! if the crew uses that value as  an input to P34 , there 
s !1ould be no trouble s ince it ' s  well inside the boundaries which yield 
the desired solution . 

4 .  Experience ms shown that the crew s �lmulators - LM3 and C.MS - do 
not accurately duplicate the true spacecraft guidance system with respect 
to the time the computers take to perform their operations . Specifically, 
the crew trainers run considerably faster than the actual flight computer 
and if not taken into account, this characteristic can badly mislead 
those responsible for setting up crew procedures .  As a result, we levied 
an action on MIT to determine the actual, real-life computer time required 
to perform a list of specific operations . This li st is  included as an 
attachment to this memo . Based on this ,  I ' m  told the simulators can be 
fixed to be more realistic .  

5 .  At  this meeting we finally defined the acceptable TPI window 
and the procedures to be followed in the event TPI falls outside the 
wl.ndow. MPAD reports that the current three sigma estimate of TPI 
time dispersion is  + 4 minute s .  What I mean by this is  that by using 
the LM radar navigation to perform the CSI and CDH targeting, errors 
can result causing the time at which the nominal TPI elevation angle 
actually occurs to be as  llll.lCh as  four minutes from the time the tar
geting was aiming for . FCSD reports that the acceptable TPI window is  
3 . 5  minutes which you recall, is centered about the nominal TPI time -
25 . 5  minutes before the CSM breaks into the sunlight .  You can see from 
this that we have a very good chance of being within the acceptable 
window . However, obviously techniques llll.lst be developed to handle the 
ca se when we miss . 

a .  Our discussion revealed that it is unacceptable for TPI 
to slip earlier than the 3 . 5  minutes before nominal, since that would 
cause braking to occur in darknes s .  Accordingly, if that occurs the 
crew will recycle into the TPI targeting program (P34 ) using the Time 
Option with an input of the nominal TPI time . 



b .  Discussion also showed that, although undesirable, late TPI 
is  not unacceptable and, in fact, it is preferable to continue to use 
the--elevation angle option with a nominal 27 . 5  degree value regardless of 
how late TIG occurs . And, so this is what we shall do . 

As you see then, we have a fairly simple logic to guide the crew in 
choos ing their procedure . That is ,  the crew procedure is based on 
whether the TPI time as determined onboard the spacecraft occurs earlier 
than 3 . 5 minutes before nominal TPI . Since they only have to recycle 
the TPI computation :;witching to the Time Option if the TPI is too early 
by more than 3 . 5  minutes ,  they always have at least an additional 3 . 5  
minutes to take action. This makes it possible for the crew to wait for 
the final computation of TPI after the last rendezvous navigation to 
make the decision of which way to go . 

6 .  There is  a problem brought about by this procedure with regard 
to what the MCC-H muBt do for the TPI PAD message . This data - relayed 
by voice to the crew - is  normally used for two things . First to verify 
that the onboard guidance system is working acceptably and the second 
is to provide a backup maneuver to be executed in the event it is not . 
The procedu:re noted above presents an obvious problem if the crew has 
to go into the Time Option since there is no way for the ground to com
pute a compatible solution for comparison . Accordingly, the following 
procedures were developed, which are only used if the onboard solution 
of TPI time is more than 3 .  5 minutes early : 

a .  The MCC-H computes and relays only one maneuver PAD message -
namely, a maneuver ba.sed on executing TPI with an elevation angle of 
27. 5  degrees,  regardless of when TIG occurs . 

b .  Even though the LM crew determines that TPI time is  too 
early, they will call for the 27 . 5 degree /j. V solution and compare it 
with the ground data to determine if their PGNCS is working . If it is 
acceptable , they will use the procedure noted in 5a above , calling for 
the Time Option with nominal TPI and continuing on without a ground 
backup maneuver . 

c .  If the �[ comparison with the ground solution is not favorable , 
the CSM also compares its 27. 5  degree TPI solution with the ground and if 
acceptable, will recycle into the Time Option of P34 using the nominal 
TPI time and will execute the resultant maneuver . In other words , if 
the LM PGNCS is broken and the CSM GNCS is working, the CSM should become 
active for TPI . 

d .  If the CSM solution is also found to be unacceptable, the 
LM crew should compare their chart solution with the ground and execute 
it if acceptable . 

3 



e .  If all of these fail, we have a situation in which TPI has 
slipped too early, both spacecraft guidance systems have failed, as has 
the LM backup chart solution and there seems nothing to do but to perform 
the MCC-H solution. Boy! 

7 .  A lengthy detailed discussion of what to do in the event of 
incomplete Phasing and Insertion maneuvers led to the following Mission 
Techniques :  

a .  Phasing 

If the Dl'S does not light or if the Dl'S lights but shuts 
down prematurely, do not stage, null horizontal /1V ' s  and if possible ,  
trim radial (x-body) /1 V to  within 2 fps of  nominal.  This places the 
LM in a football, its size dependent on the extent of the f1V gained.  
Then it is  necessary to choose one of the following courses of action 
in Real Time, dependent on what caused the premature shutdown. 

(1 )  
next . 

Execute TPI from the present trajectory this rev or 0 
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(2 )  Complete the phasing one rev later (CSM shall be mirror 
image targeted for this maneuver) us ing Dl'S under PGNCS control, RCS 
(Staged) ,  AI'S , or CSM (RCS or SF'S ) followed by TPI at the next opportunity 
or insertion a quarter rev after that.  0 

This is an appalling number of choices which must be 
substantially reduced before the flight based on systems cons idera ti·:ms , 
mi ssion objectives and extent of flexibility affected by the crew 
procedures .  The latter is extremely important since the procedures 
are complex and completely time dependent; they are not easy to recycle 
into . 

--

b .  Insertion 

(1 )  If Dl'S does not start, stay in football by nulling 
out ullage • 

( 2 )  If DPS does start, the primary goal is to complete 
the burn using RCS with APS interconnect . If the /1V required is  
greater than about 8 :fps ,  staging is  required . 

( 3 )  In order to be prepared for some mysterious time 
critical problem discovered within one minute after TIG, the CSM will 
be targeted with the same burn as the LM to be executed with a one 
minute delay. This  is not a mirror image burn. It nulls the LM burn. 



8 .  MIT reported on  an  old action item that the CSM PIPA bias check 
cannot be conveniently reduced below 256 seconds duration. 

9 .  In case everyone ha s not heard, the SUNDANCE program has been 
fixed so that the crew can use the rendezvous radar self-test program 
(R04 ) during terminal breaking with the Average g program (P47) running 
simultaneously. That i s  great !  

10 . Although not part of the D mission rendezvous , our final 
discussion of the day involved what the CSM should do during the docked 
DPs maneuver . Options for the CSM are to use the SPS thrust program 
(P40 ) ,  the RCS thrust program (P41 ) ,  or the Average g program (P47 ) .  
Due to a limitation :Ln the displays available in P47, which we know 
would work, the crew would prefer to use P40 or P41. We 're not too 
sure how they will do so we asked MIT to look into how each of these 
programs would operate during the docked DPS burns such that we may 
make a final choice . 

I don' t  expect to have any more full blown D rendezvous meetings 
until the final review of the Mission Techniques Document now 
scheduled for distribution about December 16. This review will 
probably be about January 10, 1969 . 

PA :HWTindall, Jr . : j s  
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/ '  

This memo is to let you know about some things on the D Rendezvous tha-c 
have been giving us a lot of trouble . The problem we have been hav::.ng 
is  associated with the football trajectory and how to exit from it 
gracefully. It seems like most of the significant mission techniques 
open items deal with this subj ect. In fact, we submitted a Trajectory 
Change Request  in an attempt to relieve this problem area a little bit. 
It was disapproved - rightfully, I think. 

The thing that is  beginning to bother me is the realization that the 
probability of aborting the D Rendezvous from the football trajectory 
is rather great.  This is due to a center wide feeling that a rendezvous 
from the football accomplishes almost everything we want and going 
through the CDI/CDH does not offer enough benefit to justify the addi
tional risk of two or three extrR. hours of LM operation unles s  all �ws tems 
are operating. That i s ,  even failure of equipment like the rendezvous 
radar and the AGS currently appear to be justification not to exit the 
football. The other thing that I am slowly beginning to realize is tha-c 
the football rendezvous is by no means simple . In many ways it is a lot 
more difficult than the standard coelliptic rendezvous . Not only are 
many special procedures required for it  but the TPI maneuver is very 
sensitive to small dispersions in the relative trajectory of the t1vo 
spacecraft . By the same token, small errors in the MSFN state vectors 
will cause the ground computed solution to differ significantly from the 
onboard. These things have led us to propose a basic ground rule -
namely that TPI0 should never be executed on the first opportunity except 
in a time critical situation. Furthermore , we could define no single 
guidance ,  navigation, or control system problem which we consider time 
critical. That i s ,  time critical situations must arise from some serious 
environmental or electrical problem or something like that.  By going an 
extra revolution in the football we give both the crew and the flight 
controllers an opportunity to get squared away before going into the 
critical terminal phase . We should have considerably more confidence in 
the MSFN state vectors too since we would have a sustained period Ol' unper
turbed radar tracking. Unfortunately, spending an extra revolution in the 
football for this purpose aggravates another problem. Small di spersions 
prior to and during the phasing burn can cause a situation wherein the 
spacecraft never arrives at a 27 . 5  degree elevation angle for execution of 
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TPI . Going the extra revolution makes us even more susceptable to thi s .  
It was due to t his  that we proposed a trajectory change . Specifically, 
by reversing the dil·ection of the CSM 5 fps Separation burn from radially 
down to radially up, we become tolerant of much larger dispersions . How
ever, the impact on other things at this late a date was considered unac
ceptable . 

It i. s recogni zed by everyone that we still do not have TPI0 procedures 
wo:cked out yet and that by disapproving the trajectory change we l·lere 
buying acidi tional complexity in them. We are also making the proba-oili ty 
greater for b.aving to do TPI0 at some angle smaller than the nominal 
( 27. 5° ) .  
We have initiated an analysis to determine if it  is  possible for the 
ground to give useful assistance for TPI0 at the first opportunity. 
There is a feeling on the part of some of us that the grouno solution 
for the first TPI0 eould be substantially in error making it useless  
both for comparison with the onboard system and for backup in  the event 
of an onboard failure . The point is  we may have to establish a tec hnique 
whereby the rendezvous must be carried out independent of the ground in 
the time critical case . 

In summary : 

l .  It is obvious that we must have well thought-out procedures 
and thorough training to handle the football rendezvous since the 
probability of doing it is  very great (e . g . ,  5 or 10 percent, I would 
guess ) . 

2 .  'I'he football rendezvous is  significantly more difficult to 
perform than :Lntui tion leads you to believe . Accordingly, we are 
proposing to always spend one extra revolution in the football prior 
to attempting the rendezvous if it is at all possible to do so . 

3 .  The crew procedures will be developed to make sure they serve 
well for initiation of rendezvous on all revolutions in the football not 
just the first.  

In attempt to finally clean up those darned 'rPI mi ssion techniques prior 
to atart of MCC-H/crew s imulations,  we will pro�ably get together over 
the Christmas Holidays - whatever that is . 

4�:\�L1-
PA :HWTindall, Jr . : j '; 
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FA/Chief, Apollo Data Priority . Coordination 

F ', r:; t "E" Mbsion Rendezvous Miss ion Techniques meeting - 1""-rcr. ;_ 

1 .  On :!Jr;.:cc h  l, -.,,e had the first "E" Mi s s ion Rendezvous Jr.:. s s ic:-, ':"S: c �.:-. : � ..:.;; :; 
�.uetinr� .  It -wa s devoted almost exclusively to ur,dersta::6. i nt: -.. :-,"' -:. �- �-': 
mi :;sion requirements and mission plans are for this phase of t::"' :::-:.::.;:�.: . 
'l'ho:: eli s c u s ::;ion ra ised a few questions and some action items ···-=r;;: a :: :: ::. .;:-.;;;-:: 
to c;e t them an:n1ered . 

2 .  It i s  evident that act:l vi ties prior to the rendezvous such as ::-."' _ _  ,_ 

S - IVJ3  maneuver s i mulati.ng translunar injection ( TLI )  will s\.::c st.a:-.:::.:: ::...:.:.
perturb cond i t i ons at the start of the rendezvous unless  compe:-,sa :::.c:-. ::. s  
y;:c·o'r i d ed . Thi:,; , of course , means that the logic and capa'oility t.o ?.:.E.:: 
th i s  " c ompr"nsa tion" in real time must be designed and imple::1en-:ec . 
;,;rl Li ne·oerry and his people "ere asked to look into thi s .  (They' re cc:r,e; 
a :; i mi le.r ,j ob for Miss ion "D" already, ) 

� ·  'I'hre "E" mi:; sion i s  typical of any involving LM operations . - " �:::-: ::  
·,, ;_t;--, an undocking and visual inspection. Tnis is follo·,;eC. by e. :::::-.2.:.::.. ;:_::;.:; 
r�.anr�;;ver by one vehicle or the other to provide a controlled ni::: - :: � :: � r. ::e 
�;co::;::;.rr1 t ion tra j e c tory to avoid  costly station keeping. Tnis  is fcl:.c . .-�::. 
in turn by a larger separation maneuver whic h  kicks off "hate-rer ::.s ;:,o ce 
r�onr, . In th.i. s  case ,  the larger separation maneuver, called a "?:-.e.:: :'.r.; 
r::hr.euver" , places the LM ahead and above the command noC.ule p:cc:r;-e:c::.• 
lcc atecl to execute the CDH coelliptic maneuver about 2 hours a:;: 4::; ::::. ::·..:·. e .o  
la tcr . I t  : s  intended that the se Phasing and CDH maneuvers -.,.;_ :..:_ ·:: ;:: 
CO�·IJUted in real time in the RTCC utilizing the so-called ncc/:r.s::. re :: j e ;:·.·c ..: s  
:r.aneuver logi c developed for Gemimi . This  targeting will force -the C:::?. 
mam;uver to occur at E:pacecraft apogee over Hawaii,  with the proper 
differential altitude and phase angle . 

lf . Tne cmtire rendezvou s will be carried out "i th a single inerc.ie.l 
platform orientation (REFSMMAT) for each spacecraft.  Tney will be 
'" omputr"d and relayed t.-) the spacecraft from the ground . Of cot:.rse . ==-e 
tbe:n one platform alignment "ill be performed,  The point is the:,• .;,.i::._: 
all lYe carried out to achieve the same inertial platform orienta;:.::.o::. 
Furt hr: rmorc , i.t Jr, antic ipated that the REFSMMAT on Mission "E" '-':'. l: be 
c:clc:cted e :; r; ent :ially the same as for the "D" and "G" missior,s . � :  :'.'0 . 
l;hc.:y Hill r!e tied to �:'PI and will provide an FDAI 8-ball d ispla:,' of 

· 

·'J , 0 ,  0 H r1en t he spacecraft is aligned in-plane, hori zontal, ..,ir..;s lev::: ::.._. 
h(;<J.d s up . �� ��'>' AJ.t-;Wf ;u,�- j );...,_ _;:=·N,('j_ ,�f 

c·-t. (\.. ( ·  v 0-M) v� � t"""drf ---(vv-- •.f&1 L4-- , -:...-1 
Buy U.S. Saz,ings Bonds Regularly on the Payro 'f Sar,i/lgs Plan " 
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/ .  I t  w, �; n r:;rcc��cl t ha t  an undocked platfonn aligm�ent ·,:c;,:;.l:_; r.;r: :-,,, -� <: ��_ c, -� �- c, c: ::. 
t!11.:• �;e:pnra t :Lon a nd Pha n :Lng l1lr'lneuvers . I n  order to perzi t t:-l ::. z  ·,:•..: �"; :: � -�i:. ::. : :."- #; 
t �:c. -::.: s epo.ra t i o n  i4ill occur 5 minutes before th�=.: st..:1rt of t!'"�-::: c.:_-::_:;:-:.::c.= �� = ;..r: ::- � -:,;-: 
p1· ' or to the Pha s ing maneuve r .  Since this •Till re sult in a:!..::J:;::-': ::. -:: -:. =_:; ::._,, -..;, 
l'CNolu tion between the :;epara tion and Phasing maneu·rers a s::.al:.. � -; : :: :. 
::epara t :�on burn suc h a s  planned for mi s s ions "D" and "G" :::s.y :-:0:. ·.·-:. ::·,: :.-. •. 

too 'Hell here ,  and the Hende zvous Analysis Branch .,,as gi.·rcn "t!':": a -:: -: : -:. :-. : "/: :: 
r;f :: c :�rc c t c n r� ctn opti mum separation burn to be illustrated a ':;  t!'.e :."':c: :-cc·� :: : : :-. :: 

·,/ � . t �: Lh<: � ta nd nrd relat ive motion plot . Flight Pl.ann:ng · ... :a s ::--:.:�·  .... .:;: : : ,:: :.  :...:. 
·,:c!:"r. ou. ;: the: ere:'' t imel:lne in detail for the period bet·,·een c:.:-:-: 0 :::: :. :-.::: ·, :"·' 
r: :J: :;<�, ,"; i nr! rmmeuver . He want to make sure that the var�ot;:: ere;·.� a-:: : :·.· : ·. >: ::: 
:;. ;, :;ociate:rJ w i t h  LM che clwut and trajectory control do not cor.:'L <:: :: r.::-r :o ::·:: 

i,;[,';�u.ly crowde d .  I ' m  sure someone will also be i ntere:;t.ed i r. C.ete:-:::..:.:-. � :: .:: 
U.•: conGurna bles required during this period s ince apparently bot:-. e :."' <:: : r :. -:: 
yx,.,• .. :r: r  and RCS propellant are a t  a premium. 

G. F:Lnally, the crew procedures people were reque sted to eval�..:e.t..:.:: a :: ::  
:::-r:port at the next meet: ne; the preferred lighting condi t::.or::s for -:::�.e ".::?: 
mnncuver when it i s  exeeuted by a spacecraft approa c h i n g  fro;:-, a�.e<:.C. c. �.-:. 
above . Th.i. s will be th(: Gi tuation for the first TPI opporttAni t.�; c:-: ·. ::.o: 
"E"  rr.i. s s i o n .  Although that maneuver would not actually be exect.:teC. c. ::: :.sr. ::: 
a s  eve rythi ng is still r�o.i.ng along okay, we should be prepared to Q.c � -:  : -� 

';e have to . And the preferred lighting conditions i nfluence scbe·:.t.;.:. ::. :-. ;:: c :� 
the Pha s i n [(  maneuver i t Gelf . 

? . '�]J C: current rendezvous plan provides two opportunit i es tc per:'c ::-::� ::. 

CE; I rriD.c-1•::uver ,  bo th of wbi c h  are nominally zero . However , it ·,:as t:; .':: .: ·. :. c r.-:: :: 
a :; ·co -,Jhethcr the f ir s t  opportunity really exists s i nce it ccc'.lrs cr.::: � -=
mJ.r,u te s after the Pha s i ne; maneuver with insufficient e;rounc trac�:::. :: :: c. r.:.: 
c c: ;:�J :nm i c a t i on::; to support i t .  It may be des irable for the e re·,; to -;:.-" ::-:·.: � 
r': n c'.•2 ZVO ' l G  nt1vigat ion and target this maneuver; the que s ti o n  i s  ·.-:: e·.�.':: r 
c":'O:j' ·•oc:.ld ever really execute i t .  The po i nt i s ,  if it tt;.rns oc:.-:: ::::: -� 2 
:OTD.l1 there �;e(:mc to be no d i sadvantage i n  delayin8 until the nex: c:: : 
op;;crt,m"i ty one revolut ion later, a nd if the onboard syster.s i nc �  c:. "'.:e ·- �- "- :  
Cl lr1rry: c�;I maneuver i r: needed there i s  reason to suspe c t  so:;:e s:;:: ::er .. 
:,,nlfunc t .L o n .  'l'h l G  i s  based on the a s sumption ttere had been r.o ::. :  . .: � c c. � >  
o:f' non -nomj.nal performance during the Phas ing burn, "'h i e  h ir::pl:i.e s ::.;..;::, : ::: : 
::houlri be: neFJr z e ro . It :-; eems we ought tq obta in some l·13F1i ·cc:-.::� ::-::-.Ec : � : :-. 
1wforc r:l£\id.ng a b i g  burL. that might screw up the s i tuation.  In co:-,�-,;,:-. :-:::.:::::. 
•,., · th all thi s ,  t he Hendczvous Analysi s  Branch was given t.he ac -::::. c n  ::. � �::::::. ::::· 
u.r ;:;e::·mini nr� parametrica:!.ly theeffects of re s i duals i n  the Pha s :r:;;: ::a:-.e _;·.·e ::

i • •  t·�rm:; of CSI rn.:tnc uve · · magnitude and other trajectory di s:pers :.o:-.2 " .; ::: :-. 
a s  TPI time s lippage . 

�; . It ha s been s tated that a primary mi s s ion objective on t::: s :::::. ::. £: ,_� . _ _  

:,,) pe:o:·fnr;n a comprehens ive AGS systems te s t .  This ,  � of coc.rse , :::::;. .;; ':. : :�.-.- � :.·.·,o 

r : uJ e zvou c; navi gation and targeting a s  well a s  maneuver guica::tce a:-.:: :::: :-.-:::-: :. .  



--

'.L'r: � ::: c a n  ':.;e d one in a number of ·;�ays . For example, t br:: J..G:., <::<::.;::..:. ·::·': :;, __ -, ·- ': ·� 
to orJcratc c o n tinuously vrl thout PliGCS update throughout t:-.-:: �,;; :;-:;� :-': -:'': ':,::..': -::.·:-�· - :  
cxcrc L; c . O r  the test could be broken down into a nw:::ber c f  ir.c: :-.-� -� ---" :.. -,;-: ·; ·- �

·,: � t h  n: - i n i ti a l i zation provided periodically. It is also r.r:: c<::z:::.:.rj- -:.-:. :: ;_,.� -; � ::::-
',lb�n a r,ci under what conclitions radar data should be input intc t;.':: _�_ -:;,:; • .r-"-

D iv:i. ::: .i on ;m s requested to amplify their mis s ion require:'l"'::-,t ·sy :;-Jrc-.< -: ::. ;: :;, 
:::r,rr• rk v.tiled des cri ption of exac tly wha t they would like acco::;;l : :: -:.c: :.  :;, -:,-. 
i.f I)(J:; :_; l.ble ho-,, they v/Ould like to do it . 

_; .  'l'i·,;J_t L ;: about all we" covered dur . ng this short mcetin;::. Cr.<C- :-, � : e:  - - - ·-
·J.r:,;r, �·r: n 1, '"a ;; t he substantial carryover from the "C"  ar:� " D "  ::;: ::: ::: : c r. ":-': � ;.:-_� -� - ' �  
m•" C: L rt:�;; ,,,h i.ch  should permit us to complete viOrk on "E" in a cons � -: -:-:-<:·: :..:: 
;; ;,crv:r pc: r i.od than would othe rwise be the case . It was agreec'. -: �.&. -: �-\::,;_-:,_:.-
8.1'-cr:::cnoon i s  a good meeting time and so, if pos s ible, ·.;e inte ;-,6 -:.o e:'= :. 
tozc: tr.•:r every other week at that time . The next meeting is scteG.·-":."'::. 
o.t l : OO p . m . , March 18, in Building 4, Room 396. Tha t ' s l:)C:J for ::·c·.:.,  

� �"'{�� 
Howard w .  Tindall, Jr . 

:2nclo s:;re 
L i s t  of Atte ndees 

A'icre s s ee: s : 

( 3ee a t cached list ) 
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E .  Aldrin, Jr. CB 
w .  A .  Anders CB 

N .  Armstrong CB 

F .  Borman CB 

M. c .  Contella CF 

G .  L .  Doerre CF 

T .  Guillory CF 
T .  H .  Ka i ser CF 

c .  M. Neily CF 

E .  B .  Pippert CF 

c .  T. Hackler EG 

J ,  L .  Pe tersen PD 
J .  G . Zarcaro PD 

w .  E .  Fenner FC 

G .  c .  Guthrie FC 

!.f. G .  Kennedy FC 

J .  G .  Renick FC 
K .  w .  Russell FC 

w .  J .  Strahle FC 

D .  Toup s FC 

G .  R .  Sabionski FS 
D .  D .  DeAtkine FM 
E .  c .  L ineberry FM 

R .  L .  McHenry FM 

P .  T .  l'ixley FM 

R .  R .  Regelbrugge FM 

J ,  Shreffler FM 

A .  Woronow FM 

K .  A .  Yeung FM 

R .  Boudreau TRW 

K .  L .  Bnker TRW 

J .  E .  S hcppan TRW 

H .  w .  Tindall, Jr . PA 
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FROM 

OPTIONAL FORM NO, 10 
MAY 1182 EDITION 
GSA FPMR (41 CFR) 101•11.1 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : April 11, 1969 

69-PA-T-59A 

FA/Chief, Apollo Data Priority Coordination 

SUBJECT: F Rendezvous Mission Techniques Clean-up 

On April 5 we had what I expect is the last  of the F Mission Rendezvous 
Techniques meetings . We resolved a number of open items which had not 
been covered before, or which popped up during simlations . This memo 
is  to list them for the record. Some are trivial, some are really 
quite significant . 

1 .  Since the first planned DPS maneuver is DOI, it was agreed 
that the gimbal angles included in the LGC erasable memory load should 
be right for that maneuver . These values should also be included in 
the crew check list (stan Mann please respond) . 

2 .  The LM attitude and attitude rate limits for the DPS burns 
are 5° and 50/sec unstaged and for the APS are 10° and 100/sec . 

3 .  We agreed upon the following course of action regarding 
imperfect DOI maneuvers . 

a .  First of all, only the x-axis residual shall be trimmed. 
The y and z-axes residuals shall be left untrimmed s ince they do not 
bother anything and trimming wastes RCS propellant and can result in 
excessive plume impingement . 

b .  Underburns - Underburns les s  than 5 fps will be trimmed 
up to 7 seconds plus x RCS burn duration, which is a plume impingement 
constraint . (Note : that ' s  only 3 fps of trimming and thus can leave 
a small residual which will force retargeting the later burns ) Under
burns in excess of 5 fp:3 will not be trimmed and will result in a "PDI 
abort. "  (A PDI abort,  you recall, involves making a maneuver at about 
PDI .time yielding CSI one-half rev later . In other words ,  it eliminates 
the rev in the nominal mission between phasing and insertion. The PDI 
abort will be made with DPS if it is  considered an operating system, 
otherwise with the APS . )  

c .  Overburns ·· Overburns les s  than 12 fps will be trimmed 
with minus x RCS . Aga:Ln, th:Ls limit i s  based on a RCS plume impingement 
constraint . It should never occur since this i s  about a 4 second over
burn which could have been manually stopped before reaching this value . 

Buy U.S. Savi11gs Bonds Regularly on the Payroll Savings Plan 



Overburns greater than 12 fps result in lunar impact and therefore call 
for a direct return of the 1M to the command module by the immediate , 
brute force technique discussed in previous memos . 

d .  I gues s  it goes without saying that any PGNCS failure during 
DOI also dictates a direct return abort. 

4. The following agreements were reached regarding the phasing 
maneuver : 

a .  It was emphasized that a t  least 40 fps should be achieved 
by the 1M somehow if at all possible . 

b .  Underburns - Trim underburns less  than 5 fps with plus x 
RCS up until the 7 second plume impingement limit .  If the underburn 
is  greater than 5 fps , but les s  than 25 fps ,  stage and complete the 
maneuver with RCS . If the underburn is in excess of 25 fps , stage and 
complete the burn with APS using the AGS . 

c .  Overburns - Trim overburns less  than 12 fps with minus x 
RCS . For overburns in excess of that, trim out 12 fps and standby for 
an update of the Insertion targeting . 

5 ·  Insertion 

a .  Underburns - If the total velocity gained is less  than 45 
fps, take it out using minus x RCS . This limit is  based on the 30 
second minus x RCS plume impingement constraint. In this event, the 
CSM does the insertion burn three minutes later.  If the underburn is 
less  than 80 fps , use the plus x RCS to complete the maneuver . (This 
limit is based on the 55 second RCS plume impingement constraint . ) For 
the approximate 100 j�s band of cutoff velocities in between these two 
limits, the 1M should do nothing immediately and the command module will 
have to rescue . 

b .  OverburnEl must be  removed somehow to avoid lunar impact.  

2 

6 .  It has been naid repeatedly before , and I say again here today, 
that there i s  no such thing as a 200 n .mi .  range limit on the VHF ranging 
by the CSM. That i s  merely a fictitious design value which has no bearing 
on how the operation should be conducted, VHF ranging should be used 
to its full 327 n .mi .  recycle limit provided the data is good . The �R 
�V limits, 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 value s may be changed this 
week following a rendezvous navigation meeting of the experts , ) 



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

7 .  The TPI window has been established as being from minus 8 minutes 
to plus infinity . The nominal TPI location is at the time the target 
vehicle is 23 minutes before sunrise . The significance of the window 
is that if after CSI it is discovered that the TPI associated with the 
elevation angle option has slipped earlier than 8 minutes,  the crew 
will recycle the TPI program (P34 ) using the time option with nominal 
TPI minus 8 minutes on the input time .  

8 .  The CSM always uses the LM computed CDH time for input to P33 
as long as the LM PGNCS is assumed to be working okay. 

9. It was agreed that all CSM mirror image targeting (that i s ,  
for CSI, CDH, and TPI ) shall use the same TIG a s  the LM .  That i s ,  
mirror image targeting will not be delayed one minute or three minutes 
as had previously been considered. This technique considerably sim
plifies procedures and results in (minor ) difficulty only if the LM 
failure , which forces the CSM to become active , becomes apparent when 
the LM attempts to nake the maneuver . Such a last  instant failure on 
an RCS burn is considered very unlikely and does not result in too bad 
a situation if the command module then executes the maneuver late . 

One of the simplifications obtained by eliminating TIG delays is 
the elimination of a ll biases that need to be applied to the CSM solu
tions for use in the LM with one exception. It is necessary to subtract 
1 fps from the CSM C:SI (P32 ) solution when the LM uses it for comparison 
with their own solutions or for execution . 

3 

10 . Comparison limits were established for evaluating the acceptability 
of the various rendezvous maneuver solutions . In each case, it is most 
desirable to use the LGC if possible . Accordingly, it will be used if 
it compares favorably with either the CSM or the LM chart solution. If 
it fails , the LM chart is compared with the CSM solution and is used if 
acceptable . If both the LGC and chart solutions fail their test ,  it is 
recommended that the LM execute the maneuver computed by the CSM since 
a rendezvous radar failure is  the most likely cause of trouble . The 
comparison limits are 2 fps, 5 fps, and 6 fps for x, y, and z -axes, 
respectively, in both local vertical and in line-of-sight coordinates . 

This comparison technique shall be used for the CDH and TPI burns 
for sure . It may also be possible to use it for CSI, provided analyses 
between now and the flight show that the CSM will have an acceptable 
performance . Since it is not certain that the CSM will shape up, we 



4 
have adopted the following weird technique which should be used for 
CSI unless the CSM iB  eventually certified to be okay. It is based 
on use of three possible solutions - the PGNCS, the LM chart, and the 
pre-separation canned burns . It is also based on a desire to insure 
too large a CSI burn, if anything, in order to avoid having TPI slip 
early, which i s  considered a serious dispersion, as noted in paragraph 
7 above . The rule i fl that the LM crew should execute the latest  of 
these solutions , provided it is  no more than 2 fps bigger than the 
next-to-largest solution! If the rendezvous radar has failed, it wipes 
out both the PGNCS and chart solution., the LM crew uses the same compari
son scheme, only in this event it is a comparison of only two sources -
the pre-separation canned burn against the CSM CSI solution after it has 
been biased 1 fps as noted in paragraph 9 .  

11 . There were at least  two situations in which it seems desirable 
for the CSM and LM to share the braking task and it was agreed that 
they would do so if either occurs . If the LM fails to stage the DPS 
or if the LM is not able to visually acquire the CSM during braking, 
lateral line-of-sight control by the LM is not practical and the CSM 
shall do it . The LM will continue to be responsible for performing 
the actual braking m1neuver provided the rendezvous radar is  working. 

And that 1 s how we spent 

PA :HWTindall, Jr . : j s  

Saturday.����
<»

�\__ 
Howard W. Tindall, Jr . 

· \' , 
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U :\ lTEIJ STATES GO\'£ R:\�1ENT 

Memorandum 

See list below 

FM/ Apollo 10 , Mission Design Manager 

DATE : April 3 0 ,  1969 

SUBJECT : Traj ectory Change Evaluation Report 

Title 
Lunar orbit orientation change 

TCR Number 
F-12 

MCRG Meeting Date CCB Meeting Date ,�e%uested comp.Let�on; 
Da e 

N/A TCJ/A May 5 ,  1969 

The attached proposa.l change i s  forwarded for your evaluation and 
recommendations concerning its impact on the mis sion plan. Please 
submit your commentf, on MSC Form lll9C, "Traj ectory Change Evalua
tion. " A report of ACCEPI'ABLE i s  expected if you are in no way 
affected . Send reply to F!vll3/Mi s sion Planning Support Office , 
Attent ion: William J .  Bennett , no later than 
the above-listed completion date . An ACCEPI'ABLE reply will be 
i!llplied if your report i s  not received by this date.  

Enclosure 

Addre s see s :  
CB/J . Lovell 

M.  Collins 
CF/W. Anderson 
CF/J . Cotter 
EA5/P. Deans 
EG/D .  Cheatham 
PD/J . Sevier 

R .  Ward 
FC/G. Lunney 

C .  Charlesworth 
FS2/ J .  Watkins 
FM/J. P .  Mayer 

H .  W .  Tindall , 
D .  H .  Owen 

Jr . 

FO/E . F .  Kranz 
FA/R . T. Rose 
EG2/C . F .  Wasson 
CF/Lt . Col . T. P. Stafford 

Cmdr . E .  A .  Cernan 
Cmdr . J .  W .  Young 

cc :  

Col . L .  G .  Cooper 
Maj . D .  F .  Eisele 
Cmdr . E .  D .  Mitchell 
Maj . C .  M .  Duke 

FM/Branch Chiefs 
FM2/J . C .  Harpold 

C .  Grover 
J .  K .  Burton 

FM5/R . L .  Berry 
H. D .  Beck l �C FL lll9B-9-68 FM6/K. A .  Young 
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_ ,ission Planning & Analys is Div . l 1 � '" , 
• ' " ' 0 ., ' " "  " " ''• C '  Based on Apollo 8 postflight lunar orbit navigai\ipn analysis , it may be 
necessary to derive empirical corrections to the MSFN/RTCC or�it determination solutions 
to enable accurate vector propogation and targeting of the "G" mission DOI and landing 
maneuvers . Since the effect of orbit orientation on the empirical correctiom ts 
unknown, the corrections would potentially have to be derived in real time unless an 
identical orbit ground track had been flown on a previous mission. Therefore , if "Y" 
flies the exact "G" lunar orbit , the empirical corrections for " G" can be derived wi th 
a high degree of confidence prior to the "G" mission. 

Also ,  the identical ground track will yield an increased applicability of "F" strip 
photography and crew observations to "G" training. 

:. � s :: ;; l ;.' T j ( '.; ,:.r: : H A"; � �  The lunar o:rbi t orientation change will be  accomplished via a com-
bination of a translunar midcourse and LOI1 maneuver .  The midcourse would be targeted 
by the RTCC free return best adaptive path (BAP) mode through the use of a MED to 
control the lunar landing site approach azimuth so as to obtain a resultant translunar 
trajectory compatible with t 'le desired new orbit orientation. LOI1 would be targeted 
in the usual mannev using a ]qED to obtain the desired new lunar landing site approach 
azimuth. 

� APPROVED D 0 I SAPPROVEO 

D T Y P E  I ( C C B  R E F E R R A L )  [iJ T Y P E  I I  
S C H E D I...' L E  t �., P A C T  A F F E C T E D  B A S E L I N E  D O C U M E N T S  

NONE Operational Traj ectory 

� E \\ r'\ R K S :  

The enclosed tables show a comparison of significant mission parameters between the 
" old" F mission profile and the " new" F profile with the "G" mission lunar orbit 
orientation. The end-of-mission I::.V and propellant reserves shown are over and above 
that required for a quick return TEI and 3cr dispersions . These reserves are 
sufficient to cover a typical CSM rescue of the LM ( 300 - 500 fps ) but are not always 
sufficient for a "worst case" 1M rescue ( 800 fps ) . However , this latter contingency 
can always be covered by targeting TEI for a day later return in real time . The 
reductions in the !::.V and propellant reserves for the " new" profile are due primarily 
to the translunar midcourse and the increased magnitude of LOI1 • Note , however ,  that 
the new SPS performance requirements still allow a quick return TEI and, thus , 
approximately an eight-day mission . 



F MISSION LUNAR ORBIT ORIENTATION CHANGE FOR MAY LAUNCH WINDOW 

Site 2 Site 3 

Old New Old New 

fLaunch date May 18 M!:l"'' r 1 A 
.L'J.U.J .......... May ?0 May 20 

fLunar landing site 
�pproach azimuth (deg) -95 . 25 -91 . 0  -95 . 75 -89. 0  

�ar orbit inclination 
(de g )  5 . 3  1 . 2  5 . 8  1 . 1  

Translunar midcourse AV (fps ) 
(72°/90°/108° launch 

56/65/54 21/22/20 azimuth - 1 st injection - -
opportunity) 

LOI ( 1  + 2 )  /J.V ( fps ) 2982/2996/2982 3104/3156/3100 2990/3002/2990 3198/3240/3191 

SPS /jV reserve ( fps )  1306/1108/984 966/677/655 1786/1686/1632 1349/ll88/1210 

�PS propellant reserve 
( lbs ) 3011/2518/2214 2171/1479/1427 4279/4015/3874 3141/2736/2791 



F MISSION LUNAR ORBIT ORIENTATION CHANGE !''OR JUNE LAUNCH WINDOW 

Launch date 

Lunar landing site 
approach azimuth 
(deg) 

Lunar orbit inclination 
(deg) 

Trans1unar midcourse 6v ( fps ) 
.· {72°/900/108° launch 
azimuth �1st injection 
opportunity ) 

LOI ( l  + 2 )  6.v (fps 

SPS .t\V reserve ( fps ) 

SPS propellant reserve 
(1bs )  

Old 

June 17 

I 9- r50 - ) . C  

5 . 3 

. 
-

2986/2989/2988 

I 1812/1721,11650 

1+344/4108/3922 

·-

Site 2 

New Old 

June 17 June 19 

I -91 . 0  -95 . 75 

1 . 2 5 . 8  

6/TBD/5 -
3079/TBD/3073 3011/3006/TBD 

1610/TBD/1467 1922/1874/TBD 

3816/TBD/344� 461•5/4514/TBD 

) 

Site 3 

New 

June 19 

-89 . 0  

1 . 1  

16/12/TBI' 

3113/3138/TBD 

15'75/1484/TBD 

3725/311 90/TBD 
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Chairman , F Rendezvous Navigation Mission Techniques Panel 

SUBJECT: F Rendezvous Navigation Mission Techniques Panel Meeting , April 10 , 1969 

l .  Reference :  "Onboard Tracking Schedules for Missions F and G , "  69-FM46-29 , 
FM4/Jack H.  Shreffler , February 7 ,  1969 . 

2 .  The purpose  of this meeting was to review navigation error analyses 
performed by MIT and MSC and to determine the nominal onboard navigation 
techniques or identify a specific course of action to establish the navi
gation techniques for the F Mission rendezvous . Navigation and dispersion 
analyses have determined the LGC navigation techniques which are described 
in the reference to be acceptable . Some minor navigation techniques changes 
to simplify crew procedures were made at the meeting, but these changes have 
no impact on the e�Jected maneuver accuracy. Navigation and dispersion 
analyses have determined the CMC navigation techniques ( reference)  to be 
unacceptable for CSI maneuver targeting . Proposed methods for solving 
the CSI navigation problem are discussed later in this memorandum . The 
CSM navigation techniques for the other rendezvous maneuvers are acceptable . 
Updated onboard rendezvous tracking schedules ,  W-matrix reinitialization 
schedules ,  and P-20 erasable memory parameter lists are included in this 
memorandum. 

3 .  Bruce Williamson (MPAD) provided a discussion on the emperical technique 
developed by E. R. Schiesser and himself for computing navigation covariance 
matrices for MSFN tracking of a spacecraft in lunar orbit . These matrices 
provide the estimated accuracy with which the spacecraft ' s  lunar orbit can 
be determined by the RTCC orbit determination program using the tracking 
data of the MSFN. 

4 .  MIT and MPAD presented the results of CSM navigation and dispersion 
analyses . The MPAD estimate of the CSM capability to provide CSI maneuver 
targeting data (per the reference)  is  not sufficiently accurate to satisfy 
the CSI maneuver voting logic . At the last F Mission rendezvous data 
priority meeting, the CMC solution was omitted from cons ideration . In 
order that the CSI maneuver targeting situation can be improved,  the 
Insertion to CSI tracking schedule has been revised to increase the 
tracking interval to the maximum possible . However,  MPAD results indicate 
that by inhibiting the SXT data between Insertion and CSI ,  acceptable CSI 
�V calculations can be expected. To determine the CSM navigation procedures 
piror to C SI ,  the following four cases of CSM navigation between Insert ion 
and CSI are to be analyzed. These cases are arranged in descending order 
of preference .  

The Information in tbis paper Is unedited and it 
DOt oftieial FOD or MPAD information. It it 
Nleued to pl'O'flcle rapid circulation ancl m&J 
liter lie iaevrporated in a formal paper. 

Ru-v TT _(' .rdtJ;.,_, r  RJJH.dr "R"•«�l,...llfl IH't' '#It, 'PA.�t�•nll (1,.4,;..,, ,.  'PJ,..., 
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l .  SXT + VHF 

2 .  SXT + VHF with tracking terminat ing at CS:C-9 minutes (VHF only 
from CSI-12 minutes t o  CSI- 9  minutes ) 

� .  SXT + VHF for 8 minutes,  reinitialize the W-matrix, init ialize 
VHF only tracking to CSI-9 minutes 

4 .  VHF only to CSI-9 minut es 

MIT and the Mathemat ical Phys ics Branch (MPAD) are to generate the covarina ce 
matrices of expected errors in the LM and CSM state vectors for these navi
gat ion case s .  The Orb ital Miss ion Analysis Branch (MPAD) is to determine 
t he CSI maneuver 6V statistics with Monte Carlo dispers ion analysis pro
grams . If the increased tracking between Insertion and CSI in cases l or 2 
provide acceptable CS I 6V statistics,  then the onboard procedures will con
form to t hese result s . That is,  onboard tracking for the purpose of 
target ing the CSI maneuver will terminate at CSI-12 if case l is accept
able . If case l is not acceptable , VHF only between CSI- 12 and CSI-9 will 
be included .  As suming as previous analyses have indicated, the case 4 
results are acceptable and cases l and 2 are not, then the results of 
case 3 will be compared to case 4 . If case 3 results are also acceptable, 
t he recommendat ion will be made that t he command module pilot adopt the 
case 3 navigat ion. J'he tracking s chedule and crew procedures would be 
changed accordingly . If case 3 results are not ac ceptable ,  then case 4 
navi gat ion te chniques are to be re commended .  The case 3 navigat ion 
technique has the advantage of providing the ne cessary out- of-plane 
informat ion prior to CSI required for the LM to make an out- of-plane 
veloc ity correct ion at CSI .  The eight minutes of SXT tracking are ex-
pected to determine the out-of-plane velocity to better than l fps . If 
the SX'I' tracking is not performed prior to the CSI maneuver, then the 
nominal procedure of performing the out-of-plane corre ctions at CSI and 
PC would be changed to PC and CDH. These maneuvers are optimally separated 
by 90

° in central angle just as CSI and PC are ; tt.erefore, no maneuver 
penalty would be incurred . The analysis of these four cases are to be 
completed and a recommended course of act ion will be made Wednesday, 
April 16, 1969, in order that the navigat ion te cm1ique can be exercised in 
t he full network simulat ion s cheduled on Thursday, April 17, 1969 . It 
should be pointed out that the recommendation of cases 3 or 4 navigat ion 
prior t o  CSI is tantamount to the requirement that VHF range data be available . 

5 .  The differential correct ions limits (RMAX and VMAX) in the 1M and CSM 
were set to 2000 ft .  and 2 fps . In determining t he RMAX and VMAX limit s 
and the te chniques assoc iated with accept ing and rejecting navigation 
data, we found that the heart of the problem is bound up in how to deter
mine and declare the navigat ion system failed .  As you can tell from 
read in�;, not too much thought has been devoted here . The following 
procedure was outlined for determining if the corre ction to the state 
which violates the RMAX or VMAX limit should be accepted are rej e cted . 
Between DOI and CSI, the first mark after a maneuver or after a long t ime 
period of no navigation, t he RMAX and VMAX are expe cted to be exceeded 
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and the mark is to b e  accepte d  if RMAX is less than 12000 ft . and VMAX 
is less ttan 12 fps . The next mark should be a large correct ion but not 
so large as the firs t .  This downward trend in the magnitudes of the 
correct ion should continue as the relat ive state is cont inually improved ,  
If the correct ions do not decrease, then the crew should invest igate the 
tracking data source to verify that the system is operating correctly . 
For instance, the astronaut knows if he made a good SXT mark; the VHF 
range readout data can be checked verbally with the RR range meter ; the 
RR antenna can be checked for s ide lobe lock on; and the range rate 
compared to the dsky display (V83E )  in CSM or I.M .  If i t  has been deter
mined that the tracking data source is operating correctly and yet 
corre ctions to the state vector are not decreasing, there is a point 
where the navigation system should be considered failed, whatever that 
means . The logic of how the astronaut should come to this conclusion 
was not discussed at this meeting . There are no plans to cons ider 
exploring this question in guest of solving 1.t . If it is  cons idered to 
be worthwhile , then a meeting can be called for the purpose of attempting 
to solve this riddle . If the CD rrect ion to the state which triggers the 
RMAX, VMAX alarm is more than 12000 ft . or 12 fps,  then the mark is re
j e cted and the astronaut takes act ion to determine that his data source 
is val id . If he determines the data source is valid, then he accepts 
the next mark and the same process previously dis cus sed is follmved . If 
he determines that the data source is invalid, he takes act ion to correct 
the sit uation, if possible . If he cannot correct the problem, t he cor
rections that are be ing made to the state vector are too great to allow 
them to cont inue and the tracking source should be considered failed . 
The RMAX and VMAX are set to 2000 and 2 be cause corrections greater than 
this are only expected after a long period of no navigation or at the 
first mark or two after a maneuver except Insertion when four to s ix 
large corrections can be expe cted . If we get a correction greater than 
this amount in the middle of the tracking interval, t hen the mark· is 
bad and should be re jecte d .  After CSI, this differential corre ct ion 
acceptab ility limit is dropped from 12000 ft . and 12 fps to 5000 ft .  and 
5 fps ,  because the expe cted relat ive errors between the onboard state 
vector' ace larger before CSI than �owl�� 

�-� Attachments 

Distribution : (See attached list ) 



RANGEVAR 

RA'I'EVAH 

RMAX 

VHAX 

RVARMIN 

VVARMIN 

SHAFTVAR 

TRUNVAH 

WHENDRlS 

WHENIJVJ�L 

WSHAFT 

WTRUN 

CMC 

WHENDPOS 

WHENDVEL 

RMAX 

VHAX 

RVAR 

RVARMIN 

INTVAR 

P-20 Erasable Memory Parameter List 

Re cownended Value 

0 . llllllllllE- 4 

L .S77777E-5 

2000 ft . 

2 ft/sec 

66 . (meters )2 

. 1'7445E-5 (meters/ centi-sec )2 

. 000001 (rad )2 

. 000001 (rad )2 

10000 . ft . 

10 ft/sec  

. 015 rad . 

.015 rad . 

10000 . ft . 

10 fps 

2000 f't . 

2 1't/ sec 

o .  

900 ft .
2 

196 . (meters )2 



F Mission Rendezvous Navigation Meeting 

Attendees 

Paul T. Pixley FM4 
David Dvorkin FM4 
Jack Shreffler FM4 
.T • L.  Nevins MIT/IL 
J .  Blucker FM4 
B .  Cockrell FM4 
J .  H. Suddath EG23 
G. R.  Sabionski FS5 
J .  E .  Hutchins CF24 
F.  w. Lipps TRW 
J. L. Knoedler TRW 
w. T.  Miller TRW 
Art Sat in TRW 
Dave Detchmendy TRW 
T. H.  Skopinski FM6 
E .  C .  Lineberry FM6 
R.  W.  Becker :BM6 
P. Shannahan FM6 
R. J. Otto CF212 
R. w. Puschinsky CF212 
Bruce Smith CF212 
Peggy Dugge CF212 
S .  G.  Paddock CF212 
G. Muller MIT/IL 
P.  Kachmar MIT/IL 
B. Williamson :BM4 
R.  Larson MIT/IL 



Tracking Schedule for F Mission Rendezvous 

1M Rendezvous Radar 

TJME 
(Min. ) 

- 189 

-117 

-111 

-106 

- 87 

- 72 

- 35 

- 22 

0 

18 

39 

51 

56 

74 

8o 

97 

109 

111 

134 

EVENT 

OOI 

Phasing 

Initiate tracking, update CSM in this interval 

Cease tracking 

Initiate tracking, update CSM in this inte:rval,V93 after fourth 
mark, W= 10000 ft . - 10 fps- 15 MRAD 

Cease tracking 

Initiate tracking, update CSM in this interval 

Cease tracking* 

Insertion 

V93 before first mark, W= 10000 ft . - 10 fps- 15 MRAD 
Initiate tracking 

Cease tracking 

CSI 

Initiate tracking 
V93 after fourth mark, W= 2000 ft . - 2 fps- 5 MRAD 

Cease tracking 

Plane change 

Initiate tracking 
V93 after fourth mark, W= 2000 ft . - 2 fps- 5 MRAD 

Cease tracking 

CDH 

Initiate tracking 
V93 after fourth mark, W= 2000 ft . - 2 fps- 5 MRAD 

Cease tracking 

·IE- Before Insertion there is a P27 update of the MSFN CSM State to 
the LGC 



Tracking Schedule for F Mission Rendezvous, cont ' d .  

1M Rendezvous Radar 

T:rn:E EVENT 
(Min . ) 
146 TPI 

V93 before first mark, W= 2000 ft . - 2 fps- 5 MRAD 
149 Initiate tracking 

158 Cease track:i.ng 

161 MOl 

V93 before first mark, W:: 2000 ft . - 2 fps- 5 MRAD 
163 Initiate tracking 

173 Cease track:i.ng 

176 MC2 



Tracking Schedule for F Miss ion Rendezvous 

CM Sextant and VHF Ranging 

TIME EVENT 
(Min. ) 

- 189 I:OI 
-136 Initiate tracking* 

- 126 Cease tracking 

-ll 7 Phasing 

-112 Initiate tracking, V93 after third mark, w� 10000 ft . ,  10 fps ,  
SXT TRK terminated between - 102 and -89 during LM DID alignment 

- 79 Cease tracking 

- 54 Initiate tracking, V93 after third SXT mark, 
W= 10000 ft . ,  io fps 

- 34 Cease tracking 

0 Insertion** 

V93 before first mark, W= 10000 ft . ,  10 fps 
19 Initiate tracking*** 

39 Cease tracking 

51  CSI 

58  Initiate tracking 

V93 after third mark, W= 2000 ft . ,  2 fps 
79 Cease tracking 

* If valid VHF Range data are available at ranges less than about 327 n.mi . ,  
the P-20 navigation program should accept and allow the range data to correct 
the state vector . Since a range ambiguity exists at ranges greater than 
327 n .mi, the data should be inhibited beyond 327 n .mi . For the purpose of 
navigation capability analysis, VHF range data will only be assumed at ranges 
less than 200 n.mi . ,  the hardware specifications limit . 

** Before insertion there is a P27 update of the MSFN CSM state to the CMC 
and following Insertion there is a P27 update of the LGC LM state to the CMC . 

*** Analyses are in progress to determine the CSM navigation technique and 
a recommendation will be made Wednesday, April 16, 1969 . 



Tracking Schedule for F Mission Rendezvous , cont ' d .  

CM Sextant and VHF Ranging 

TJME EVENT 
(Min. ) 

So Plane change 

85 Initiate tracking 

V93 after third mark, 
9'7 Cease tracking 

109 CDH 

115 Initiate tracking 

V93 after third mark, 
133 Cease trackj_ng 

146 TPI 

V93 before first mark, 
151 Initiate tracking 

158 Cease track:Lng 

161 MC1 

V93 before :first mark, 
164 Initiate tracking 

173 Cease tracking 

176 MC2 

W= 2000 ft . ,  2 fps 

W= 2000 ft . ,  2 fps 

W= 2000 ft . ,  2 fps 

W= 2000 ft . ,  2 fps 
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FA/Chief, Apollo Data Priority Coordination 

DATE : !�rch 20 , 1969 

69-PA -T-� Tii 

Thi s Delated memo i s  tD desc:r'i·oe tL1e resul::�s of' our IVlsrch 10 YJ.. s s ::.. c� 
Techniques meeting on the F miss ion luna:c· orb i t  attitude seguence s -
a s  ·well as I can remerrioer them. 

�10-!0S 

I realize the f'ollowj_n1� s ·t�atement must sound inconsis tent , -out altho·c..;..�;;. 
there '•ere a large nurriJer of changes to the a tti tL:.de sequence a s  docu
mented in Rocky Duncan 1 s Internal J'Jote , 69-FJVi-51, dated Februcc. ry 2 � ,  �,9C) , 
my impre s s ion i s  that l t  i s  ·oa s i cally nearly r i ght . Of cour s e ,  i t  Y' ll 
have to be upda ted to ::el'le c t  tt1e many picky ch'ln,;>;es vie arrived a t ,  iJL: t 
i n  the meantime it 1 s s·cill a good reference . I :;  certa inly sel'Ved one 
usef\J.l purpose . 'rha t ·Ls ,  at thi s  meeting i t  brought out a nunber of 
misunderstandings and rai nor disagreements which we were able to resolve . 

The F mi s sion attitude s e quence must obviously ·be constrained to avo"cd 
exce s s ive RCS propellant usage . As a result, whenever poss ible an 
inertial a tti.tude was ,;elected lvhi c h  would prov ide a ll of the various 
de s i red c haracter i s t i c ,; . For example , on the fir s t  couple of revs in 
lunar orb i t ,  it was Plllnned to keep the spacecraft e s sentially in the 
LOI burn attitude , just rolling it to ·provide r1:L - gain 3 -band coverage 
with the earth . This unfortunately doe::: n ' t  provide much opportunity 
for the crew to view the lunar surfa c e . That can ' t be called 1:1c'1 Ddu T-O:!.'Y 
for the mi s s ion, of COl'X s e ,  but i n  practice i s  just pla i n  unreasonable . 
Who could suggest that the crew not look at the sunlit moon or:ce they 
have gotten there, even if it costs some RCS . A c c ordingly, '"e a s:t;:ed 
Duncan to work out a nev1 a ttitude/a t t itude :rate whi c h  would not only 
give the hi -ga i n  a ntenna coverage but a lso a v i lmal vievl of the lunar 
surface on the daylight side . I t  must also sup}JOrt a P52 ali gnmenT- L t  
the darkne s s .  Thi s  inert::.al attitude seque:'l.ce will be defined pre -fH ,�;r.c 
and 1>1i. ll only be upda ted in real time (during c "_ s - lunar coa s t ) i.f' the 

-

launch date slips . 

As you know, tbe landmark tracking with the lM a ttached wiD_ ·::;e G.one 
in the pitch mode . An attitude/att i tude rate seguence proposed ·oy 
Dunc&n was ac cepte d .  I t  :orovi de s  three minutes of useful observations 
above 55 degrees elevation angle . I t  invo lves holding a pre-determined 
inertial attitude until the spacecraft is a·G a 35 degree eleva ;;ion e.ng:.e 
a s  viewed. from the landmark. At thi s time, a pi t c n  rate of a t  least  0 . 3  
degree i s  ini tiate d ,  I would like to empna size that "at lea s'c . "  'lie 
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local vert� cal pitch a t  the ::irr,e 
the roll and yaH angle s are 0 .  
:real time : 

o:' s tarting -che rate i s  -2 . 1  degree s ;  
MCC -E '.vill supply the follmv i ng da-ca h 

a .  Time at whi c h  the Initial Point ( I . P . ) i s  a t  eleva t ion angle of 
3 5  degre e s . 

·c . 'Ic.c t i me to s tart p i tching . 

c: .  TJ:-.:.t� :;_ ne:rtial a t ti tude tc be held unti:"' the pi t c h  rate i s  s tarted g 

-i . The s haf"c and trunnion angle a t  tha -c time a s  'cle ll a s  a n  inG.ica t�or: 
a s  to v1'1et her tile land!llB.rk '..Jill be north or south of· t he ground tra c k .  

Althoc;gt i t  may b e  nec e s sary t o  s l i ghtly roll t ':le spa ce craft i f  t":te 
landrnark is too c lo s e  to the ground -crack in orcier to avo�d exce s s �vely 
h i g h  sextant s haft ra te s ,  it was de c ided to le t the crew take care of 
thi s themselve s .  John YoJ.ng says it ' s  no prolJlem. The cons tra;_nt i s  
that the sextant t::cunnion angle should never ge t :Le s s  than 10 degre e s . 

Land!llB.rk tracking with the Lt\1 a t ta c hed i s  done t1v0 t imes on t C:e F and G 

mi s s i ons . The first time w�.th a pseudo-landing s i te ,  i t  oc cu::cs on -che 
fifth rev j u s t  before the re s t  :period and is used pri!llB.r i ly for on -che 
j ob training ( OJT ) . The se cond time ,  of cour s e ,  i s  j u s t  before DOI for 
descent targe ti ng .  We d i s cus sed the pos s ibility of add ing a s e c ond OJT 
i nto the flight plan to gJ.ard a ga i n s t  proble!ill: or fa i lure s encountered 
on the fir s t ,  but finally de c ided t ha t ,  if neces sary, thi s wo1;.ld ·oe 
added in real t:Lme , perha:ps a t  the c o s t  of some s leep if the s i tua tion 
warrants i t .  

Rocky and h i s  friends have been able to s e le c t  a n  inertial a tt i tude for 
use duri ng s leep in lunar orb i t .  It i s  an in -plane ali gnment with -che 
SFS engine forward in the d:�rec t ion of orb i ta l  motion and a p i t c h  angle 
which results in the sunlight within 40 degrees of perpendicular to the 
x -axi s .  'I'he spa c e c raft s hould be set up with a + 10 degrees d.ead'oa nd . 
The inertial angle s will be computed :pre-fli.ght and 1-1ill provide cont i n 
uous h i - ga i n  s --Dand covera.ge but n o t  a continuOL;_s view o f  the luna r sur�':s. ce . 
Duncan wa s re que s ted to de termine the LM yaw a t t i tude for the APS burn 
to deple t ion whi c h  provides b e s t  S -band covera ge . 

The a t t i tude/a tcci tude rate "'equence for the undocked land!llB.ri� trac:'l:ing 
exerc i s e  prior ;;o TEI i s  different from the docked one . It wa s decideC. 
that the spa ce craft w i ll mainta i n  o:rbi t rate torquing conti m.:.OL:. s ly hi t :c  
a pitch a ngle of about -20 ciegree s .  This will give an opti c s  t:ra c :;.::.r:,: 
:period of a·bout 160 second s .  Duncan wa s askeci to tune-up the pi t c il  ang:..c:-
a little to give about th<:; same period of coverage before z e ni -ch a s  after . 
In this exer c i s e ,  of cou:r 3 e ,  i t  will only be ne c e s sary for the MCC -E to 
euppLy the crew ••ith the cwo a o qu i::a: �o;:" C'otoC. uOove ) .  

Howard W .  Tindall, Jr . � 



TO 

OPTIOfllAL FORM NO. !O 
MAY 1i62 ECITION 

• GSA FPMR (4! CFR) 101-lt.e 
• UNITED STATES GOVERNMENT 

Memorandum 

See list attached 

-r 
NASA Manned Spacecraft Center 

DATE : March 14 , 1969 

69-PA-T-44A 
FROM PA/Chief, Apollo Data Prio;i ty Coordination 

SUBJECT :  Happiness  is having plenty of hydrogen 

As I understand it, there has been a desire or requirement to have the 
capability of surviving a cryo-tank failure at any time in the lunar 
mission. After C ' , it was decided to keep the IMU powered up through-
out all lunar missions even though it might be at the cost of having the 
backup cryos . However, according to a recent analysis by MPAD ' s  Guidance 
and Performance Branch (R. C .  Wadle , W .  Scott, and D .  A .  Nelson ) , these 
two characteristics are not incompatible . Since this is quite different 
from what I have heard in the past, I thought you might find it interesting, 
too . 

According to Wadle , Scott, and Nelson, it is  possible to operate with the 
platform powered up and even if one tank fails as late as TEI , there is  
still enough hydrogen left in the other tank to provide a four day return
to-earth in a powered-down state . (Hydrogen is the most  critical consum
able . ) The powered-dmm state still provides for communications ; essentially 
it consists of just taking the guidance system and one fuel cell off ' the 
line and turning of:f non-essential equipment . 

Howard W.  Tindall, Jr . 

PA :HWTindall, Jr . : j :3 
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TO 

FROM 

SUBJECT: 

OPTIONAL FORM NO. 10 
MAY 1902 EDITION 
GSA FPMR (41 CFR) 101-11.15 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : February 27, 1969 

69-PA-T-37A 

FA/Chief, Apollo Data Priority Coordination 

Some more trivia for the F mis sion 

This  memo is to point out a couple of oversights in our F Mission 
Technique s .  

l .  vJi th regard to docked DPS burns we should remember that the 
LUMINARY program used on F is the same as the SUNDANCE program to be 
used on D,  which due to scaling problems or something barely recognizes 
that the DPS is running when it is at only 10 percent thrust in the 
docked configuration . Accordingly, it is necessary for the crew to 
manually advance the throttle to 40 percent thrust for awhile prior to 
going to full thrust in order for the PGNCS to trim the DPS thrust 
vector through the CG. (Note : LUMINARY lA for G has been fixed so 
that gimbal trimming will be done at 10 percent and the stopover at 
40 percent i s  not required. ) 

2 .  During the planning of the special F mission landmark tracking 
exercise just prior to TEI we forgot to include the CMC state vector 
updating from the MCC-H once per rev. This is so obviously neces sary 
that it  would certainly have been caught during the earliest s imulations . 
However, we might as well start including it in F mi ssion documenta tion 
n0'-1 to be done at about the same time as the periodic P52 platform 
realignments . 

Howard W .  Tindall, Jr . 

PA : HWTindall, Jr . :  js  
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TO · 

FROM 

OPTlONAL FORM NO. 10 
MA.Y 10112 EDITION GSA FPMR (41 CFR) 101-11.0 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

PA/ Chief, Apollo Data Prior:i,.ty Coordination 

' 

NASA Manned Spacecraft Center 

DATE: February 26, 1969 

69-PA-T-35A 

SUBJECT: F/G Mirror Image Targeting shall use a th�ee-minute delay 

As you know, we have established as a standard procedure during Apollo 
rendezvous having CSM 'backup LM maneuvers in order to retain the 
nominal relative motion during this critical mission phase . On the D 
mission these "mirror image" CSM maneuvers are targeted with .a TIG 
delayed one minute after the LM TIG. One minute was chosen based on 
our estimate that it would be adequate for the crew to determine 
whether or not the command module should go active and to take the 
proper steps subsequent to that decision. John Young - the F mis sion . 
CMP - ·was concerned that by using a one-minute delay he i s  forced to 
turn on his SPS trim gimbal motors for each of the mirror image maneuvers 
whether he has to execute the burn or not . Since there is no significant 
disadvantage in making the delay larger, we are changing it to three 
minutes for the F and G missions in order. to avoid having to turn on 
those motors unnecessarily. Henceforth, all F/G analyses ,  simulations , 
procedures ,  and techniques will be based on that value . 

Howard W. Tindall, Jr . 

PA :HWTindall, Jr. : j s  
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TO 

FROM 

OPTIONAL FORM NO. 10 
MAY 1882 EDITION 

GSA FPMR (" CFR) 101-11.& 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief, Apollo Da0a Priority Coordination 

NASA Manned Spacecraft Center 

DATE : February 24, 1969 

69-PA-T-31A 

SUBJECT: Let ' s  have no unscheduled water dumps on the F mission 

During a recent Data Selection Mission Techniques meeting we were 
informed that the CBM has some sort of automatic water dump system. 
It was even rumored that it might be enabled on the F mission while 
the crew is sleeping during cis-lunar flight . This memo is to inform 
everyone that an unncheduled water dump can really screw up M3FN orbit 
determination. Accordingly, if we have a vote, this automatic capability, 
if it exits, should be inhibited and water dumps should only be per
formed as s cheduled by MCC-H. 

Howard W .  Tindall, Jr. 

PA :HWTindall, Jr . : j B 
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TO 

FROM 

OPTIONAL P'ORM NO. tO 
MAY 111111 EDITION 
GSA FPMI't (41 �) IOI•H.ll 
UNITED STATES GOVERNMENT 

Memorandum 

See list attached 

FA/Chief, Apollo Data Priority Coordination 

NASA Manned Spacecraft Center 

DATE : Feb:ruary 19, 1969 

69-PA-T-27A 

SUBJECT: All about F APS burn to depletion and landmark tracking 

11)10-108 

On Feb:ruary 14 we had a Mis sion Techniques meeting to pin down F 
lunar orbital operations between the end of rendezvous and TEI .  
Aside from a rest period, this consists of two exercises - the APS 
burn to propellant depletion and landmark tracking with the optic s .  
I think we have a good understanding of how to do both of these 
things . We are recommending the addition of an extra rev in lunar 
orbit in order to complete them and to obtain one pas s  of strip 
photography on the sunlit part of the moon prior to TEI . This will 
make the time between wakeur a.nd TEI approximately 12 hours which does 
not seem unacceptable, and does not increase total mission time . 

1.  APS Burn to Depletion 

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

exercise 
The 

a .  
mately 
occurs 

As you know, the APS burn to depletion 
zero deyrees longitude in a horizontal, 
about l4 rev after docking . 

is initiated at approxi
posi-grade direction. It 

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

c .  The only data required from MCC-H i s  as follows : 

( 1) A P27 conunand load to the LM PGNCS of LM state vectors . 

( 2 )  Voice PAD message to the LM for PGNCS and AGS targeting. 
This will be the standard P30 PAD with a number of parameters omitted, 
which are only applicable to a manned burn . 

( 3 )  Voice to the CSM of the gimbal angles for the burn 
attitude . Having obtained these, the CMP is able to orient the CSM/LM 
accurately in burn attitude based on real time data and the LM crew is 
able to orient the steerable S-band antenna to achieve maxilliU!ll signal 
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strength with MSFN. 

d .  Just prior to LOS , about 3/4 rev before TIG, the LM crew will 
update the state vectors in the AGS and will align it to the PGNCS . 
They will already have run through the SPS pre-thrust program (P30)  and 
will leave the PGNCS in Program POO . 

· 

e .  The CSM will jettison the LM i rev before TIG and will null the 
relative velocity.  r�ey will then execute a 2 fps separation burn in a 
radially upward direction which will place the command module above and 
behind the LM at the time of the burn. 

2 .  Landmark Trackine£ 

Before C '  we thought we knew how the optics tracking and MSFN orbit 
determination capability should be used for a lunar landing flight . 
Unfortunately we are worse off now since C '  has proved we really don ' t  
know . At this time -· with incomplete post-flight analysis ,  we have a 
dilemma . The optics data seems to indicate that spacecraft altitude 
was not changing while in lunar orbit; on the other hand , the MSFN 
data clearly shows a continuous change in altitude which was more or 
less  what was expected based on Lunar Orbiter data . These two systems 
disagree with each other and yet both appear to be operating right . 
It may be possible eventually to figure out what is  happening by 
further analysis of the C '  data but unfortunately we are at a point 
when we must pin down the F mission flight plan. So what we were 
trying to do at this time , based on what we know now was to develop 
an exercise which we feel will give us the greatest opportunity to 
resolve our difficulties in time to support the G mis sion descent tar
geting accurately and dependently. Simply stated, we need as much data 
as we can obtain. EE:sentially, we are asking for a repeat of the C 1 

lunar landmark exercise with some minor modification . Since the thing 
we are most concerned about is trends ( i . e . ,  the change in altitude ) -

2 

it seemed that tracking on four successive revs is the minimum that would 
provide any kind of confidence in the results . I think everyone in attendance 
agreed with that . Secondly, although MPAD was asking for observation on four 
landmarks on each of these revs , we all agreed tb�t three are probably 
adequate and so our proposal is to do landmark tracking on three sites on 
each of four success ive revs . 

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

a .  One of these be the same pseudo-landing site landmark we used on 
C ' . It is  called Bl. 

b .  The first backside landmark as the spacecraft enters daylight 
(CPl ) should probably be chosen by the CMP in real time at about 20 degrees 
passed the terminator, the same as Lovell did . 



c .  The third landmark ( CP2 ) can probably be moved closer to the sub
solar point than on C ' . We are recommend ing a landmark about 25 degrees 
prior to local high noon. 

Of course, we are specifying that all observations be made with the sextant 
and that they be spaced a s  far apart as possible - in the order to 25 
seconds . It appears that it should be poss ible to use lunar orbit rate 
torquing during the L1ndmark tracking period if that i s  easiest for the 
crew. 

It is pos s ible to include the exerc ise as de scribed here in the current 
F mi s s ion timeline without affecting the re st period or the TEI burn 
currently scheduled a t  about 127 : 50 .  However ,  this would preclude 
obtaining strip photography desired on one pas s  over the entire sunlit 
lunar surface .  In order to include that it will be necessary to delay 
TEI one rev to about 129 : 50 .  This will increase its magnitude by about 
100 fps but does not change Pacific landing time . Of course,  it i s  
pos s ible to retain the earlier orginal TEI as a n  optional maneuver time 
in the event of crew exhaustion to be utilized based on a real time judg
ment, if necessary. It appeared advantageous to us to put the strip 
photography after the more strenuous landmark exercise since it is less 
demanding on the crew, interfere s les s  with TEI preparation and is of 
lower priority. The ASPO mis s ion engineer, Bob Ward, will submit a 
Trajectory Change Reque st for thi s extra rev and everyone else I think 
will begin now to inc lude it in their planning and documentation on the 
a ssumption that it will be approved .  

Except for odds and ends,  thi s pretty well finishes off the main line 
F Mi s s ion Techniques 'ilOrk . 

PA : HWTindall, Jr . : j s  

� 0• .o2'N '...JJ.: A, 
Howard w .  Tindall, Jr . --� ,� 
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TO 

OPTIONAL FORM NO. \0 
MA.Y \Q82 EDITION 
GSA FPMR (.tl CFR) 101-11.11 

UNITED STATES GOVERNMENT 

Memorandum 
See list sttached 

NASA Manned Spacecraft Cencer 

DATE : February 11, 1969 

69-PA-T-24A 

FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT : F/G Rendezvous Mission Techniques - mostly F 

As part of F/G Torture 1-leek, we spent Thursday, January 30 or. the 
rendezvous . Overall, I would say thi s mission phase is in pretty 
good shape '..Jith only a few unresolved items that we know aboui rigl�t 
now . I would like to tabulate here a bunch of odds and ends v>e agreed 
to at thi s meeting - as well as my memory serves me . It ' s  mostly trivia 
and if I were you I wouldn ' t  waste my time reading anymore except maybe 
paragraph 3 .  

l.  On the D mis sion the CMP is prepared to make a so-called "Hm'i 
zontal Adjust"  maneuver if  it  is  decided to  stay in the mini -football 
in order to insure a closing trajectory. The F and G crews both felt 
thiz is an ' unnecessary complexity and so they will not make such a 
maneuver or be prepared to make one on these mi ssions . 

2 .  Everyone worries about overburning the LOI maneuver .  Wait 
until they discover it just takes an extra 12 fps on DOI to cause a 
lunar impact .  The LM picks up that much �V in about three seconds 
vvhen operating at about 40 percent and so it is unlikely we will be 
able to establish a mlnual backup protecting against overburn which 
would provide a safe orbit .  On the other hand, some sort of monitoring 
is required and Rick Nobles (MPAD) was given the action of establishing 
the limits for the crew to shut down the DFS manually when both the AGS 
AND the Burn Time have been exceeded by these amounts . 

3 .  LM aborts due to a fouled up DOI maneuver are attracting a lot 
of attention . For the past year, everyone agreed that the best technique 
is to make a brute fm�ce burn right back to the CSM immediately. Th� s  
probably works pretty well if it ' s done within five to eight minutes of 
DO I .  After that it doesn 1 t and the crew feels more time than that will 
be required for them to ascertain an abort i s  necessary and then to 
execute i.t .  Ed Lineberry was given the action item of performing a 
parametric study to e£; tablish the best techniqlie f'or aborts up to about 
15 minutes after DOI 1-1i th the maximum possible overburn based on our 
backup cut-off procedures .  Whatever it  turns out to be vve are tenta
tively proposing to U£;e the DFS at 40 percent thrust, controlled manually 
with the AGS maintaining attitude hold . The crev-1 would shut dovm abo�1t 
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lCJ c;o 15 fp; s hort and finis h off the burn with 4 jet RCS wh:Lle s imultane 
ously j e t ti soning the DPS . Milt Contella ventured the opinic>n that DOI 
aborts are going to turn into the F equivalent of D ' s TPI0 - End le s s  di s 
cus s ion and a me s s  in the end ! I believe i t  already . 

4 .  We dec ided to create a new PAD me ssage whi c h  the CAP can use for 
load ing his Target b,v program (PT6) for the ground computed maneuvers -
DCI , Pha sing and Insertion . It cons ists of Purpose , TI G, and /1v ' s .  I n  
add i tion we dec ided t o  add burn time (BT) t o  the LM P30 PAD. 

5 .  I t  •,1a s determined tha t i t  will no t be poss ible for t he F cre>V 
to use their descent program (P63 ) for the landi ng radar te s t  a s  they 
had planned because MCC-H will not be prepared to support i t  with the 
neces sary input data . Don ' t get excited . Thi s  is no great los s .  

6 .  We pinned do"wn the complete rendezvous tracking schedules fo:c· 
both spacecraft and established the following W-matrix values .  The 
initial values shall be 10 , 000 feet,  10 fps ,  and 15 milliradians . T!1e 
values for reinitiali zation shall be 2 , 000 fee t ,  2 fps ,  and 5 milli 
radian:o . (For the unique F rendezvous tracking period betveen the 
Pha s ing and Insertion burns , the W-matrix s hall be ini tialL ced us ir:.g 
2, 000 feet, 2 fps ,  and 5 milliradians . ) MIT was a sked why the PGNCS 
computer program (LUMINARY) doe s not provide a simple way for initiali::; i ng 
the W-matrix value for radar bias a s  i t  does the posi tion and velo c i ty 
value s .  Perhaps a PCR should be submi tted for t ha t .  

"( . We had a lengthy d iscuss ion o n  rendezvous naviga tion during the 
pha s i ng revolution. It was soon recogni zed that, since the LM has no 
tape recorder, it i s  only possible to evalua te its performance if we 
allow the rende zvous navigation to update the s tate vector . However ,  
the fli ght controllers were concerned that if the rendezvous navigation 
in back of the moon fouled up the LM state vector they could have 
problems targeting the Insertion Burn which occurs s hortly after AOS . 
On th0 other hand , i "� i s  pos s ible that the rendezvous navigation could 
be u:oeful in de tecting dispersions in the Pha sing maneuver . Accordi ngly, 
we reached the follo\<ing agreements :  

a .  Rendezvous navigation by the command module will be us eO. only 
to update the LM s ta te vector . 

b .  Rendezvous navigation i n  the LM wi ll be used to upda te 1:he I.J.l 
s tate vector until shortly before LOS . After that,  the LM crew Hill 
swi tc h the LGC to update the CSM s tate vec tor.  

c .  While the LM i s  in back of the moon the flight dynani e ?  '-'cOC: lc' 
will dete1·mine if the LM onboard state vec tor i s  acceptable for execu1: ' ng 



•. 

tt� insertion burn. If it  i s ,  it  Hill be left alone ; in fact,  MCC-H will 
tr::;n:omi t it to the CSlv! after insertion . If it is  not acceptable , tlw LM 
crew wLll be advised at AOS to terminate their navigation program ( P20 ) 
immediately and the update program ( P27 ) will be called so that the p:roun-1 
may send a good LM state vector for the Insertion maneuver .  It Lc unli i,,o Ly 
that they will have to do this but if they do it must be reco,::nizcd t i l : c  t 
1,1e >I ill not get the rendezvous radar tracking data at the max i mum rnnt•:c' c' 
which we are so interested in. 

d .  As a s tandard procedure the ground will always update the 
CSM s tate vec tor in ·both spacecraft computers after insertior. . 

8 .  Rendezvous radar thermal study must  be performed,  I suppose , and 
'"e establi shed the folloHing profiles for that purpose listed here in 
order of our preference : 

a .  Rendezvous radar continuously operating from during the mini
football to completion of the rendezvous . 

Phasing . 
b .  Same a s  "a" except turned off from DOI until just after 

c .  Same as "b" except turned off during the platforn alignrr.ent 
<lhile in the phas ing orbit . 

If GAEC and RCA feel the rendezvous radar cannot support any of these 
profiles - Yle would rather fight than switch! 

') . After a little merry-go-round we agreed on what the CSM should 
do for TPI targeti.ng.. He starts out running the P34 using tr.e elevation 
angle option in order to obta in a TPI solution for comparison 1v l th tbe LM 
PGNCS . He then recycles using the time option with a TIG one minute later 
than the LM'  s in ordE,r to backup the LM TPI maneuver . 

10 . Both the F and G crews and just about everyone else 1fho stuci�: i t  
out to the end seemed to want to keep the LM active for TPI even i f  the 
rendezvous radar had failed . You recall the D mis sion rule says the CSl•l 
s hould go active for that failure . I gues s  that must be the right thi nt:: 

3 

to do s ince so many people thought so and I was just too groc;gy to understanc1 .  

11 . MIT was askec the �ollowing brief que s tions : 

a .  Does the CMC automatically inhibit VHF ranging data beyond 
the recycle range of 327 miles ?  

b .  How does the crew request the half-period-between - CSI 
a nd - CDH option in  the rendezvous navigation program (P32 ) .  



.• 

c .  !'err: the �; (, options in s hared erasi ble memory or i s  it  pos s  i blc 
t;r, load U1em prrc _launch on the E-memory K-Start tape . 

d .  Hm·l should the crew handle the sign of the out-of-plane veloci "CJ' 
display from R36 H :  (l ) the CMP requests the LM option for relay to the: 
LM or ( 2 )  if he uses R36 to target his own plane change maneuvers . 

Well, I ·Harned you ! 

Howard w. Tindall, Jr . 

Pf, : HWTindall, Jr . : j s  
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DATE : February 11, 1'-_169 

69-PA-T-23A 

SUBJECT : F/G Mission Techniques - except for the lunar orbit phase - are 
ready to eat 

Some of the decisions and open items that came out of our F/G Mi s s io n  

Techniques meetings in late January are listed in this memo . Basically, 
I would say that all mission phases aside from the lunar orb� .. t act;ivi ty 
are very well unden:tood at this time - primarily as a result of the C '  
mi ssion - and should be formally documented within the next couple of 
�1eeks . 

l. Flight Control Division is  going to establish the detailed 
procedures for manning and activating those LM systems requL·ed to 
e s tabl i s h  communications in the unlikely event CSM communication i. s 
lost .  They nmst include the techniques for orientating the ! Jvl s teerab:_e 
antenna toward the earth if the omnis are inadequate . It is also ne c e .3 -

sary to give i30me thought to  when the crew should initiate tl1ese procec1ure s .  

That is ,  what shoulc. be done with the CSM comnication systems firsc after 
the total failure seems to have occurred. 

2.  As a :3tandard procedure , MCC-H will update CSM s tate vectors on 
a more-or-less periodic basis - say every 10 hours or so when i t  is 
m�tually convenient to the crew and ground, unless they have changed so 
little as  to make it useless . Whenever the state vectors are updated , 
it  will be to both the LM and CSM computer memory slots, CSM first .  

3 .  REF'SMMATS 

a .  The launch REF'SMMATS will be retained until the IMU a lignn:e nt 

after v;cc1 time wheU,er the maneuver is made 01 not .  

b .  The same PTC REF'SMMAT will be used translunar and transearth 

during the periods from the post-MCC1 to pre-MCC4 and from TEl plus c\·iO 

or three hours to EI - 5 hours . 

c .  The luna.r orbit REF'SMMAT to be used for the period bet1·:een 
the PTC times defined in "b" shall be such that the LM in landing attitude , 
over the landing site after DOI would have 0, 0 ,  0 on the FDAI . Thi f 
REFSMMAT will be computed by the MCC-H prior to Mcc4 for use in the CSM. 
According to my notes,  the REF'SMMAT will be updated on DOl day to cow
pensate for prediction uncertainties . I can ' t  remember why . (On ti1e 
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G m::_ �: ,oion , of course,  the REFSMMJI.T in the LM will be updated several times 
B.utorcta'" � cally while on t he lunar surface by the LGC to correspond to che 
e s c e c1t ali gnmcent . Cur:cently we plan to update the CSM more or le s s  to the 
as cent REFSMMAT but we will not attempt to maintain it precisely the same 
a s  the LM, ) 

4 .  The only burn monitoring limit i t  i s  nece s sary to c hE.nge from 
those u sed on C '  is the one used for overburn protection on IlJI1 . The 
extra mas s  o:C: the LM makes this maneuver substantially longe:r- in dura t i or: , 
s o  tr,at limit ha s ·been made correspondly larger . Specifically, i t  "ill be 
lG s e cond s rather than 6 seconds . 

-" .  l1a th Physi c s  Branc h was reque s te d  to determine if in order to 
mainta i n  a good MSFN orbit determination capability, it is really neces 
sary for the crew to reverse the orientation of' t he spacecrao"t x -ax i s  
every three hours during periods of venting . I t  seems a s  though the net 
effect of the venting is almost exa c tly in the lea st sensitive direction 
•<�rce r: uro ing the PTC attitude currently proposed and it would cert:1 i  nly 
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be nicr" tn avoid. unne c e s sary spacecraft maneuvers ;  perhaps e J"en unnecce s s ;H'Y 
a·"a-<':en:cng of the cre11 . 

6 .  I n  order to insure t hat the crew never experience s CMC Proe;rmn c•'� 
auring entry, MCC -H ·will make a real time selection of entry range to avcJ id 
P65 pr ior to targe ting TEI . This s hould not be a difficult -ch ing to do 
'1hile in lunar orbit but cannot be done pre-mis sion to suit all launc h 
opportunities . 

7 . The cre'1 is looking for a recommendation a s  to whether the entry 
s hould be performed u s i ng one or two RCS ring s .  Claude Grave s is said 
to be >wrking on thi s .  

F) . Docked DPS burns in lunar orbit 

a .  It was e s tabli s hed that, if a docked DPS burn iE to be used 
for T'EI , i t  should be carried out with one burn only a s  opposed to t->w 
a s  ha s b(;C�n sugge s ted . 

�J . In thi s event the LM platform will be ali gned u. ing doc1,cd 
AOT .s i.;chting:; o:f s mrs in order to determine platform orien�;a t:f.on ( P5l ) .  
Given the a c curacy of pulse torqu ing, i t  will be pos s ible to reorient tiE' 
IMU :for the maneuver "i thout add i ti onal AOT sightings . 

' ' · The Cflll[ will use the Average G Program ( P4 7 )  for ma i nta".ni n": 
� tn te vcc c tcrs i f  we make a docked DPS burn . 

d .  I t  ·1-1a s estimated that the LM could be made ready for such cc 

bur·n easily withi n  l� hours . 



•; . HI I_ .. -a_ :: c. oked to de termine if the Dffi cimba l tri mming \-!Oulci 
v:or!: :l n �.he- docked confi gura tion at 10 percent thrust in thP LUMINAT-:Y 
procrr:tm. 

f .  It i s  evident that complete docked Dffi c heck list mus-c be 
prepared for the F and G crews b y  FCSD . 

9 .  The creH was c;omewhat concerned with the technique MPAD has 
developed for the LOI--15 minute abort . Thi s abort maneuver ,  you recall, 
is one the creH must target for themselves in the event of a prema ture 
S ffi  shutdown during LOI . The crew charts that MPAD has developed p:::'e s ent 
the /j,V required assuming the maneuver will be executed exactly 15 minu t e s  
from t h e  t ime o f  S ffi  G hutdown. Since the spacecraft clocks a r e  a l l  i1.eyed 
to LOI '1'IG, the crew :fe els it would be eas ier for them if the mneuver 
-;1ere s cheduled to oc cur 15 minutes from LOI TIG. The point is,  they 
Here concerned that in the event of an emergency they may not note tl:e 
time; of s hutdoHn or are more likely to make a mis take in determining 
Hhen to execute the a·:)ort maneuver , Flight Analys i s  Bra nc h ,  MPAD ,  i s  
looking into reHorking the se c harts based on TIG rather than SEC O .  

10 . Since there i •; concern over premature shutdown on ei ther the LOI 
or TEI maneuver ,  the crew asked if i t  were not logical to protect aga inst 
i t ,  parti cula rly in tt1e unstable butterfly region, by use of the Thrus t  
Direct O n  sHi tc h .  For example , during LOI they sugge st turning that 
swi tch On from TIG + 1 minute to TIG + 5 minutes and on the TEI maneuver 
they 1-1ould switch it On from TIG + 15 seconds to TIG + 2 minutes . Flight 
Control and other guy" are going to think about tha t !  I think the gre3 te s t  
fear is what would happen i f  thy crew neglected to switch i t  off i n  t i me .  

Tha � '  �; all I can rememeber .  Mos tly trivi a ,  you s e e  whi c h  pro-bably s hO\-.T 
better than anything the status of F/G Mi s s ion 'Jle c hniques for these mi :c s ion 
pha c:e rJ . 

Howard W .  Tindall, Jr . 

FA : HHTindall, Jr . :  j s 
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DATE : February 6 ,  1969 

69-PA-T-18A 
FROM PA/ Chief, Apollo Data Priority Coordination 

SUBJECT : F/G cis-lunar midcourse correction miss ion techniques 

�10-108 

This memo is  to document the cis -lunar midcourse correction miss ion 
techniques we agreed to January 27 and 28 at the F and G Mission 
Techniques meetings .. The translunar maneuvers are based on the follow
ing assumptions and guidelines :  

a .  We are not eoncerned about getting subr>tantially further off 
the free return tra;jectory than on C 1  - primarily because we have the 
DPS bac.kup . 

b .  We are espeeially anxious to conserve RCS propellant, which 
led to the procedures of allowing the midcourse corrections to grow 
to SPS size if poss ible . 

c .  In order to maintain best control over the situation we 
dec :Lded to use MCC3 (at LOI - 22 hours ) as the prime MCC ,  leaving 
MCC4 essentially fo:<:' fine trimming if necessary. 

d .  The minimum SPS burn is  0 . 5  seconds wh:Lch is  equivalent to 
approx�mately 3 fps . 

Based on all that, '"e established the following : 

a .  MCC1 (at TLI + 7 hours ) and MCC2 (at TLI + 24 hours ) 

The need for these maneuvers will be based on how big Mcc3 
would be if we did not make them. Specifically, MCC1 and/or MCC2 will 
not be executed as :long as MCC'1 is less than about 25 fps without them. 
Furthermore , we will not make them unless  we can use the SPS ( that i s ,  
they must be bigger than 3 fps ) and we will not trim residuals . 

b .  MCC3 (at  LOI - 22 hours ) 

This is  the prime maneuver to achieve the desired trajectory 
around the moon. It will be made if the predicted MCC4 is  greater than 
about 3 fps in order to avoid using SPS for MCC4 . Residuals vi ill be 
trimmed to within 0 . 5  fps on this maneuver, which will most likely be 
made with the SPS . 
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c .  MCC4 (at LOI - 5 hours ) 

By taking advantage of the s i gnificant flexibility provid e d  with 
two -stage LOI maneuver in targeting the LOI maneuvers , we are often able 
to avoid making an MCC4 . That i s ,  the LOI targeting can be done to achieve 
a 60 mile circular orbit in spite of substantial approa c h  trajectory 
dispersions . This is  done by rotation of the rr.a j or axis of ';he initial 
60 x 170 n . m. lunar orbit . However, we establis he d  that the aps idal rota 
tion s hould be limited to les s  than 45 degree s . If it i s  neces sary to use 
the SPS for MCC4 , the residual will be trimmed to within l fps . 

Midcourse correction techniques on transearth leg phase of the flight ''ere 
somewha t simpler . We are retaining the C '  technique of uti liz ing transearth 
midcourse corrections only for corridor control.  We have concluded that 
it is des irable to avoid making the last midcourse correc tion ( i . e . ,  Mcc7 
at EI - 3 hours ) if at all possible . Accordingly, we opened up the entry 
interface (EI ) flight path angle limi ts a little more than on C ' . Spe c i 
fically,  we will not execute MCC7 if the flight path angle falls between 
6 . 3  and 6 . 6  degrees (6 . 5  degrees is nominal ) .  In order to m: nimize the 
probability of that mid course correction, we set the threshoJ_d for Mcc6 ( s cheduled at EI - 15 hours ) at . 5  fps which is  close to the MSFN target 
ing accuracy at that time . The first transearth midcourse correction (Mcc5 
at TEI + 15 hours ) will not be executed unle s s  it i s  greater than l fps . 

The most significant change from C ' , of course,  i s  brought about by the 
DPS backup which safely permits devia tion from the free return trajectory . 
Thi s make s the logic much simpler s ince we don ' t have to consider moving 
the maneuvers earlier to stay within RCS return-to-earth capab ility. 

PA : HWTindall, Jr . : j s  
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69-PA-T-8A 

FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: F and G Lunar Orbital operations - mostly pre-DOI LM activation stuff 

On January 10 we had an F and G Mission Techniques meeting dealing 
mostly with Lunar Orbital operations,  which .I would like to record 
with this thing . 

In our continuing effort to figure out the best way to minimize the 
DOI day timeline, I think we have finally converged on the best 
basic procedure for getting the LM checked out . As usual we went 
over the three most popular ways proposed - namely : 

a .  All a t  one time on DOI day 

b .  Two work periods - one prior to LOI and one on DOI day 

c .  Two work periods - one o n  DOI day and one after LOI2 

We finally selected the last of these, basically by the proces s of 
elimination. 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  
i s  completely intolerant of  even the most minor trouble as the crew 
goes through the process of manning, powering up, and checking out 
the LM. And, it should be emphasized that although it may be pos
sible in  real time to slip DOI a revolution, it will be  by no means 
a simple procedure to get all squared away again in preparation for 
the most complex operation we have ever attempted in flight . What 
I am trying to say is that we want to avoid perturbing the timeline 
around DOI at almost any cost and, splitting up the LM preparation 
into two periods helps to do thi s .  

Having accepted the two period technique , the question remains -
where to put the first period? Although the pre-LOI period of 
checkout was attractive for a number of reasons , it seemed to us 
questionable in terms on what it might do to the spacecraft thermal 
situation and more seriously to what might happen to the LM steerable 
S-band antenna if it were unstowed prior to the big SPS LOI maneuvers .  
Except for the fact that this time period provides continuous MSFN 
coverage , all other advantages are also obtainable if we s chedule 
this activity after LOI2 • The thing we like about putting a two or 
three hour checkout perlod after LOI2 and before the crew rest period 
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is that it provides an opportunity for the crew to get the LM squared 
away - that i s ,  things stowed and other housekeeping chores done before 
DOI day . It also provides an opportunity to add an additional activity 
which might be discovered during the D mis s ion or as a result of con
tinued detailed planning of the F and G mi s s ions without perturbing the 
complicated pre-DOI timeline . (It also provides a place to stick in 
some F unique DTO ' s . ) Of course, thi s che ckout period is much more 
tolerant of problems than DOI day. For example, i t  can be extended 
although at the cost of some crew re s t .  And, perhaps more important, 
will provide more time for the MCC-H to evaluate and dige st the checkout 
data . Charlie Duke i s  going to head a tiger team n�stly composed of 
FCD and FCSD people to develop a detailed timeline for LM preparation 
including all those systems tests cons idered essential and no more than 
tha t .  ��hey will integrate these into the total timeline which includes 
the crew suiting and eating and all of the other LM activation activity 
as well as the CSM landmark tracking whi ch now cons ists of only one 
tracking time period. 

We will review the results of their work at a later Mission Technique s 
meeting so that everyone in the world can criticize it and finally 
bless it; . 

In addition to that one big i tem there were a pot f'ull of little 
things we discussed and resolved as follows : 

a .  There i s  a minor difference of opinion bet"•een the F and G 
crew a s  to whether the landmark tracking should be done in the pitch 
or roll mode . John Young, who favored the pitch mode , is going to 
try out the other technique in an attempt to resolve this . 

b .  Most of us have pretty well agreed that doc:ked AOT IMU align
ments are expens ive to do and are not neces sary. Accordingly, we now 
propose to use the same procedure as D for docked IM alignments referenced 
to the CSM platform using the known relative orientation of the CSM and 
LM navigation bases . This does mean that an accurate LM IMU gyro drift 
check can not be made although we expect it will be good enough for a 
go/no go of the system. Just how good it is will depend on how stable 
the relative orientation of the navigation bases is  over a two hour 
period . We must get this information from ASPO as soon as poss ible . 

c .  Prior to and during DOI we want the LM radar turned on to check 
it out and if neces sary to verify PGNCS performance of' the DOI burn . 
After that the rendezvous radar may be turned off s ince there appears to 
be no strong requirement for its use until after the pha s ing burn on the 
F mis s ion or until about five minutes before powered des cent on the G 
mi s s ion.  
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d. . In lieu of some other positive proposal we s tated. that the DPS 
would. be separated from the a scent stage 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 ha s been E. tated that there is very little difference in the 
accuracy of the results obtained using the sextant rather than the scan
ning telescope for landmark tracking therefore until C '  it was proposed 
to use the telescope because acquisition and tracking was expected to be 
eas ier. However, the C'  crew informs us that it i s  actually easier to 
track a given lunar feature us ing the sextant once it i s  acquired and 
so that is what will be done on the F and G flights . 

f .  S ince there E>eems to be time available following LOI for the CMP 
to get some practice landmark tracking, it will be included in t he time 
line . Of course, the actual landing site will b e  i n  darkness then so 
some other feature located to the eas t nrust be used instead . It i s  our 
intention to select a landmark which will be at a 3 degree sun elevation 
angle on a nominal m:L s s ion s ince this experience would give us a little 
more confidence of tracking at a low sun elevation angle . This benefit 
is not important enough, however, to make any real time change in the 
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Mnd=rk to be u"d like we were ����� �d� 
Enclosure 
List of Attendees 
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69-PA -T-lOA 

FROM FA/Chief , Apollo Data Priority Coordination 

SUBJECT : F and G mission cis -lunar and abort plan 

!5010-108 

On January 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 aborts . In 
other words ,  how should the C '  techniques be modified due to having the 
LM DPS available to backup or use in place of the SPS . A great deal 
of work has been done and documented by Carl Rus s ,  the Flight Analysis 
Branch of MPAD ,  and the Apollo Abort Working Group and the results 
belatedly reported here are heavily dependent on that work. 

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

a .  Except in the case of aborts from lunar orbit, the SPS will 
always be the primary abort propulsion system. That i s ,  the maneuver 
will be made with the SPS , bringing along the LM, when pos s ible, so 
that the DPS can be used as a backup if the SPS fails . 

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

c .  There i s  a period during translunar coast - from TLI until 
about LOI - 20 hours that the fastest return to earth can be made 
directly using a maximum SPS burn after jettisoning the LM. After 
that period there is no advantage to direct returns and we don ' t  ever 
sugge st making one . 

d .  There appears to be no period wherein i t  i s  faster to make a 
direct return us ing the DPS than it i s  to perform a post -pericynthion 
maneuver following a 60 mile flyby. 

e .  I t  i s  always preferable to perform a lunar flyby than a direct 
return using the SPS unles s  we truly have a time critical situation, 
in which case we would only consider use of the maximum available /j. V 
solution whi ch, of course, includes j e ttisoning the LM. 

f .  The fastest return trajectory including a lunar flyby i s  with 
a pericynthion altitude of 60 n . m. If we maneuver to provide a higher 
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altitude, the trip time is  most likely going to inerease . This accounts 
for the use of 60 n . m. in  the time critical fly'by modes .  Of course,  the 
procedure must include making the standard regularly scheduled translunar 
midcourse corrections to achieve 60 n.m.  

g .  Although the real time s ituation (particularly spacecraft con
figuration has an overwhelming bearing on what should be done ) , it seems 
like a good idea to place the spacecraft on a trajectory targeted to the 
prime CLA as soon as practical, even though that causes an increase in 
trip time, and perhaps a second maneuver after :per:Lcynthion to speed it 
up . 

h. Although we always list the SPS maneuvers a s  the prime mode and 
only utilize the DPS as a backup to the SPS, it i s  recognized that the 
crew and ground must be trained and prepared to carry out a docked DPS 
burn. Accordingly, numerous additional options are available to be 
agreed to either pre-flight or in real time wherein the DPS is  used 
instead of or in addition to the SPS . For example , the des ire to make 
a DPS system test may justify its use in a non-critical time situation 
or the use of both the DPS and SPS may provide a significant advantage 
given certain spacecraft system failures to provide greatest crew safety. 

Finally - we briefly discussed how to handle partial LOI1 Burns . First 
of all we are recommending the same procedures as C '  in the event of 
guidance or control problems during LOI1 - namely SCS MI'VC rate command 
takeover and burn completion. This is  proposed for all the same reasons 
as for C '  - basically it results in a better s ituation. For SPS failures 
prohibiting completion of LOI1, Flight Analysis Branch recommends ground 
targeted aborts us ing the DPS a s  preferable to the C '  type "15 minute 
abort" SPS burn us ing on-board chart targeting. This i s  probably the 
best thing to do and I ' m  sure we ' ll talk about it a lot more before it 
finally is  resolved. One thing to be emphasized though is that, s ince 
we have the DPS backup we don ' t  have to be in S'cJ.Ch a hurry to take action 
after SPS troubles s how up as we were on C ' .  

All of this will be thoroughly reviewed at a slam-bang Mission Techniques 
meeting scheduled for January 29 . 

Enclosure 

PA :HWTindall, Jr . : j s  
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CIS -LUNAR ABORT PLAN 

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

CATEGORY I 

From TLI until abort LOI - 20 hours (The actual time will be approximately 
at the equi...,return time - direct return us ing the SPS vs flyby . This 
tradeoff will be biased as described in Note I .) 
A .  Time Critical 

1. SPS direct return without the LM, to any CLA (b..v le ss than 
about 8, 000 fps ) . (See Note II ) 

2 .  DPS maneuver at pericynthion + 2 hours to any CLA following a 
60 mile flyby . (1500 fps bv max . ) 

B .  Non-time Critical 

1. SPS (or RCS ) burn at convenient time before LOI - 5 hours ,  to 
flyby pericynthion between 60 and 1500 n.m. , to the prime CLA . 

2 .  DPS (or RCS ) burn at convenient time before LOI - 5 hours ,  to 
flyby pericynthion between 60 and 1500 n . m. , to the prime CLA . 

CATEGORY II 

LOI - 20 hours until the last translunar coast mid course correction a t  
LOI - 5 hours . 

A .  Time Critical 

1.  SPS burn at pericynthion + 2 hours to any CLA following a 60 n . m. 
flyby . 

2 .  DPS burn a t  J:lericynthion + 2 hours to any CLA following a 60 n .  m. 
flyby. 

B. Non-Time Critical 

1. SPS or RCS burn at convenient time before LOI - 5 hours ,  to 
flyby pericynthion between 60 and 1500 n . m. to the prime CLA . 

2 .  DPS or RCS burn a t  convenient time before LOI - 5 hours , to 
flyby pericynthion between 60 and 1500 n . m. to the prime CLA . 

Enclosure 



CATEGORY III 

After LOI - 5 hours - or when propuls ion system fa:Llures are recognized 
too late to do Category II . 

A .  Time Critical 

1 .  S PS  burn at pericynthion + 2 hours to any C!LA following a 
60 n . m. flyby . 

2 .  DPS burn a t  pericynthion + 2 hours to any C!LA following a 
60 n . m. flyby . 

B .  Non·-Time C!ri tical 

1 . SPS or RCS at earliest practical time befo�e MCC 5 (about TEl 
+ 15 hours avoiding sphere of influence ) to the prime CLA as 
fa s t  a s  practi cal . (See Notes I and I I I )  

2 .  DPS or RCS a t  earliest practical time before MC!C 5 (about TEl 
+ 15 hours avoiding sphere of influence ) to the prime C!LA a s  
fas t  a s  practical. (See Notes I and III) 

NOTE I There is  an important real time judgment factor influencing 
the non-critica l abort techniques trading off reduced return 
time vs . large maneuvers whi ch may modi:fy the priorities .  

NOTE II The LM is jettisoned only in the case o�� Category I, time 
critical, SPS direct return aborts .  

NOTE III Normal return velocities s hall be limited to les s  than 
36, 323 fps . Time critical aborts must provide entry velocities 
of les s  than 37, 500 fps . 

2 



TO 

OP'TION.AL FORM NO. 10 
MAY 1002 EDITION 
GSA FPMR (41 CFR) 101·\1.6 

UNITED STATES GOVERNMENT 

Memorandum 
: See list attacheci DATE : JanuaYy l4, 1969 

69-PA-T-4A 
FROM : PA/Chief, Apollo Datcc Priority Coordination 

SUBJECT : F and G cis-lunar midcourse correction scheduling 

This memo is to "1ake sure everyone is  aware that we are s c hedu:Cir-<· 
the final �1idcou:�se eorrections before LOI and Entry dii'feren-cly "0 i:s n 
on C ' . 

The final translunar illlacourse correction shall be scheduled a-c 
LOI - 5 hours sL<ce that provides optimum midcourse correc�cio::1 e::":" e c -;; i ve 
ness  and confidence :Ln subsequent MSFN tracking for LOI targetir;g . You 
recall on C '  this maneuver was at LOI - 8 in order to provide a s C.ort 
crew rest period after that. This is not required on the F and G miss ions 
at this time. 

The basic criteria for selecting EI - 2 hours as a last transear-ch 
midcourse correction was to make it as late as possible 1-1hile still 
providing adequate M3FN tracking for entry initialization.  On -chc 
C '  mission it was found that although two hours is adequate ,  an adcii
tional hour would be advantageous .  Since there appears to be 1:0 c i s 
advantage to moving this maneuver one hour earlier to EI - 3 hO\;_rs 'de 
propose to do so .  One associated item North American is going -co check 
out is with regard to the effect of this on the RCS quads . The:ce i s  a 
s lim possibility that this schedule may present a thermal problem. 

I would like to emphasize that the intermediate cis-lunar illlacou�"se 
correction schec_ule is not based on trajectory consideration b;;:c ra�her 
will be selecteci to fit most conveniently in the crew work/res-;; c.·rc ::..e 
just  as it was done on C ' .  Accordingly, the scheduling of the se rru neu
vers JliUst await development of the flight plan after which they 1<il::.. -be 
shuffled in at the most convenient times . 

PA :HWTindall7 Jr. :js  

1 1 ·. �1\__ � W .  Tindall, Jr. 
� L 
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� OPTIONAL FORM NO. 10 
MAY 1982 EDITION 
GSA FPMR (41 CFR) 101-11.6 

UNITED STATES GOVERNMENT 

r-· Memorandum 

TO See list attached DATE : January 10, 1969 

69 -PA-T-2A 

FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT : Some decis ions regarding lunar landnark tracking on the 
F and G mis s ions 

l 
!1010·106 

We had an Ad Hoc Mission Techniques meeting on January 9 to talk 
over lunar landmark tracking . In particular, we wanted to dis cus s 
what we tltought had been learned from the C '  mis s ion and what we 
want to do on the F and G mi s s ions . Thi s memo i s  to outline a ll 
that briefly. The specific things we were trying to dec ide were : 

a .  Whether speeial tests of any sort s hould be included on 
the F miss ion which might permit us to broaden the acceptable sun 
elevation angle conBtraints a ssociated with the lunar landing and 

b .  To decide if optical observations (SCT or SXT) of the 
landing site are required on DOI day for descent targeting and if 
so how many, when s hould they be taken, and how s hould they be used? 

Jack Schmitt has probed extens ively into the landing sun elevation 
angle constraints problem both before and after C '  and proba':Jly has 
a better understanding of this overall s ituation than an�rone else I 
know . He has inten:3ely debriefed all of the C '  crewman on this 
spe cifi c subject and is confident that the visibility will be accept
able for landing if the sun elevation angle i s  no les s  than about 3 
or 4 degrees .  The upper constraint he feels i s  in excess of 20 degrees 
and the actual limit will probably be based on heating considerations 
on the spacecraft or the crew during EVA rather than visibility during 
descent (we 1 ll find out what that limit is ) .  In other words , it lool<;:s 
like we have a suff iciently wide band of acceptable sun elevation angles 
that this imposes no real constraint on G launch opportunitie s !  Further
more , there appears to be no reason to provide spe cial tests on F 
designed to broadened these limits or give us greater confidence in 
them. One interes ting point he emphasizes,  though, is that we s hould 
avoid landing with a glide path within about 2 degrees of the sun eleva
t ion angle since there is a definite degradation in visibility along 
that line which would impair the crew ' s  capab ility of evaluating the 
landing site . This means tha t we s hould avoid sun e levation angles 
between about 14 and 18 degrees - a little band of unacceptable light
ing conditions within the much larger a cceptable limits . He feels that 
this band may be avoided in the few instances we encounter it by delay
ing launch somewhat or by adding an extra revolution or two in lunar 
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orbit . It is also evident that by the use of the hybrid flight plan 
we can extend the translunar coast time with the same effect.  

In summary , i t  appears that the sun elevation angle constra i nt on G 
miss ion launch opportunities is not significant at this time -� 
there is  no need to provide special tests on F to confirm this 
opinion. 

The question of opttcal tracking of the landing site is not so clearly 
understood . However, the consensus is that it would be a serious 
mistake at this time for the flight plan not to include optical o·bs2r
vati.ons of' the land :_ng site as part of the descent targeting operation . 
But ,  based on .the ease with which the C '  crew located and tracked the 
landmark on their f':_rst opportunity there seems to be no reason not 
to eliminate the first series of landmark tracking, which we had 
previously included primarily for on-the-job training . Accordingly, 
we intend to utilize the tracking plan and ground targeting operations 
previously developed in our Descent Mission Techniques meetings except 
that the first of the two tracking periods will be deleted or moved 
to LOI day if it can be conveniently included in the timeline . S ince 
the landing site will be in darkness at that time, this particular 
session would have to be on some other landmark located 5 or 10 degrees 
to the east of the landing site . 

I would like to discuss briefly the reasons for retaining the optical 
observations . Basically, they reduce to two things neither of "lvhich 
could be described as mandatory - but they are certainly not just 

, ,  ' 

"nice to have " things either . The first ,  of course ,  is to significantly 
improve the accuracy of the descent targeting which will make the 
descent trajectory more nearly nominal. In line with thi s ,  it also 
makes it more likely the landing radar can return the trajectory to 
within acceptable limits . The second benefi.t is that they provide a 
complete , independent check on the overall targeting system in the same 
sense that the star check confirms burn attitude or the horizon check 
confirms retro attitude on other mission phases . 

Our discuss ions included numerically defined MSFN and spacecraft systeeJS 
performance (expected and/or experienced ) compared to descen c targetinG 
requirements which, you see , I have not included at all on this meno . 
However, they support the above conclusions substantially and co'J.ld be 
made available to you if you want to see them. I left them out here 
simply because it i.s too complex a matter to discuss clearly in a memo 
such as this . What I am trying to say is that I feel these are well
founded conclusiom> which may be applied to both the F and G missions 
and we are going to press on based on them. 

� w. Tindall, � � 'r 
PA :HWTindall, Jr . : .j s  
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TO 

OPTIONAL FORM NO. \0 
MAY 1962 EDITION 
GSA FPMR (41 CFR) 10\ · \\.& 
t:�·ITED STATES GOVERKMENT 

Memorandum 
See list attached 

69-PA-T-}."'. 

FROM FA/Chief, Apollo Da·ca Priority Coordination 

SUBJECT: Operations required for communication loss on F and G 
are sure better than on C 1 

I think we have pretty well established how to handle a comm.m:cc.tion 
loss s i tuation on tie F and G missions . In effect, we have defineci 
which Block data must be sent and what onboard cis -lunar nav �gation 
needs to be carried out . In both cases ,  of course ,  it i s  po.osib::...e 
to cut ·oack substantially from the C 1 technique s .  This  is b·,cause 
we feel it is reasonc.ble to assume that the LM provides a "p• ·rfect" 
backup for the CSM communications . 

BLOCK DATA 

We established a ground rule that it is  only necessary to send Block 
data for abort situations when either the LM i s  not available or if 
sufficient time to use the LM is not available . Following i;; a-cable 
of all the Block data transmiss ions planned for F and G giving the 
time of transmission for the abort opportunity which it would be used for : 

Time of Transmission 

During earth orbit 

LOI - 15 

Pre LOI1 

Pre LOI2 

Post LOI,, 
L 

Pre LM Jettisor:. 

After k� Jettison 

Time of Abort Maneuver 

TLI + 90 minutes .  CSM only, 
direct return 

PC + 2 for fast :cek.rn :..'o::Llm-1i ng 
flyby 

TEI1 & 2 assuming pcrfec-c 1011 

TEI2 update 

no LOI2 

and. TEl. assuminr: 
.'> 

For TEI after sleep 

TEI 2 revs from j ettison 

C 1 rev by rev c;echnic_ue exc e}J"G 
during sleep 
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In addition, remember the crew has the capability of' us ing ·c l-ce c:,;cs 
(P37)  to compute their o•m return-to-earth maneuvers in the ccvc ;c,·,; oi" .-. 
communication loss . In order to simplify the cre1>1 1 s procedures ,  •:" " 

intend to transmit a small amount of additional information for u_,,e a 

first guess in tl1e operation of P]/ .  Specifically MCC -H will perio-ii. -
cally send the crew values of' the landing area (CLA ) , the ma'c'leuver rrCC� cn i 
tude ( !::J.v ) , and the burn ignition time (TIG) f'or possible future abort time s , 

CIS -LUNAR NAVIGATION 

As you recall on C 1 ,  the onboard capability fo:c cis-lunar navig::c ·c:'.on 
us:'.r::g P23 was thoroughly exercised and proven to be an excellent systc:m. 
Furthermore , it appears that Jim Lovell was able to do his jr::b �ust 
about as well in the beginning as he was later in the missio;·, , L1cii -
ca ting that inflight training is not particularly necessary . Based 
on this experience,  only two batches of P23 star/earth horizc,n navi 
gation s ightings shall be scheduled on the enti.re F and G fLghts . In 
order to get the most from these two periods ,  one should be :lcheciuled 
before TLI + 5 hours and the other after TLI + 14 hours , if it is con
venient to do so . The advantage of making the first batch that early 
is that it -,,ill permit the MCC -H to make an accurate determination of 
the actual horizon altitude the CMP is using in order to update the 
CMC in real time just as we did on C ' . To do thi s it is nec "ssary 
that the observations be made in altitude les s  than 50, 000 n . m. and 
preferably lower than 3 5 , 000, which is the altitude at TLI + 5 hours . 
I would like to point out that the horizon Jim Lovell used so success
fully was sort of' a nebulous one of his choice and was not well ciefined 
ma1dng it unreliable to use the "C ' "  horizon altitude for the• F and G 
misE;ion:o . Although not disasterous , a good knowledge of the horizon 
substantially improves navigation prior to entry which is  whEn it is 
most important in the event of communication loss .  Whatever that  i :; .  

Recognize that implicit  in this plan of scheduling only two oatches 
of' observat:'ons early in the translunar coast i. s that there ::an be 

no independent onboard. confirmation of the MSFN navigation w .1 i c h  waE 
comdd.ered so important to insure that we mis s  the moon on C 1 •  

Math Phys:Lcs Branch of' MPAD has been requested. to develop a 1'23 -:;ra ck
ing sch"'dule to be u:c.cd for transearth navigat ,_on in the evet .t o:':' nc 
comrnuni cation . Thi s E chedule will be included in the Flight PJ.c.n 
labeled "loss of commc·nication contingency. " 

As you recall, the pri mary purpose of onboard navigation d.urj n;; cranc' 
earth coast was for conditioning the W-matrix . vJe have selcctec1 '" 
procedure for :B' and G which makes it possible "c;o elimir;ate thac opera
tion . Specifically, we have concluded that a crossover point <eexi:c;ts 



at 30 nours before ent:�y, whi ch ha s the following c haracter i s -c i. c c . Ii' 
communication ha s been lost prior to that time ,  the onboard s ysterrc j , ; 
capable of providing acceptable navi gation, maneuver targeting, ::c :;d 
entry :Lni tializa tion starting from s era tch with no special W -rna trix 
condi t.Loning. (The flight path angle error at entry s hould l>e no 
greater than 0 . 5° under the worse conditions . ) In addition, it nr:cs been 
s hown that the MSFN will be suffi ciently accurate at EI - 30 ho:.;rs 
that in the event of subsequent communication los s  there is no n�· ed 
to perform onboard nav:[ gation but rather the crew may safely :re tc.rr: 
to earth us ing the data supplied for that purpose at EI - 30 ·by tt:c 
MCC-H.  In other words , the same procedure used on C 1 at EI - 15 \·:i ll 
be car:::'ied out on F and G at EI - 30 . Namely, spacecraft stnte ve ctorc 
will be updated and the crew will be provided with midco;!rse rna nee;_ ver 
target:lng and entry pad data needed to complete the mi s s ion ··.·1it c1out 
further communi cation. 

In summary, F a nd G operations associated with communi ca tion loss are 
be).ng cr)nsiderably simplified from those used on C ' .  Utiliza tiorc of 
LM communi cations makes i t  pos s ible to markly reduce the number of 
abort J3lock data pad mes sage s ;  the onboard and MSFN navigation per 
formance experienced o n  C '  permits us t o  reduce onboard naviea ;: :i.on 
to a total of only two batches of s tar/horizon observations . No 
speci.al procedures are required for W-matrix initialization.  I ' d  
call t ha t  a giant s tep in the ri ght d irection! 

PA : I-MTi. ndall, Jr . :  j s 
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SCBJECT : 

MAY 1�2 F.OITION 
ro�.,.. r.£N •no. fiiO. H 

(' ;\; 1 ' / E I J  STATES GOVERNM ENT 

Memorandum 
��rce lir.: t  beloH 

FA/Chief, Apollo Data Priority Coordination 

DATE : MAR 7 1968 
68-PA-T-56A 

Gu.i.rh nce syr.: tem ori.ented ground rules for TLI Go/No Go 

•:•t, : c: mur.to 'i r.; to d o cument the guidance system oriented ground rule s we 
:�:·,·:ccnd 1;o apply i n  thr" development of mi s s ion techni ques for making tlw 
c;:_,·an:;lunur Inj e ction ( TI:,I ) Go/No Go dec i sion, unle s s  direc ted othen-1i s e . 
E:'fs:c cive immed i a te ly, i.t is  intended that all R'ICC computer programs,  MCC 
d i splays and d e c i s ion ' limit line s ,  crew and ground procedures and timeline s ,  
n l s s ion rule s ,  and related matters will b e  ba sed on these gro�d rule s .  
They repre sent a change from the tentative ground rule s previously governing 
thi s 1-1or k .  Ac cordingly , it fs important that you understand t hem and mke 
your v i e.,,s known ric;ht now if you do not concur . Thi s  spec ifically applies 
to the "F'' and "G" mis s ions . In summary: 

(0 ) A TLI maneuver will not be attempted if there is any indication 
that the �0: -IVB IU guidance system is not working properly. 

( r; )  A properly operat ing CSM PNGCS is not mandatory for TLI . Tha t i s ,  
i :� i c; CJ. c c e:pta ble to ma kc� a TLI maneuver with a failed CSM PNGCS i f  the 
r.; J:r; s e q•J.Ccnt alternate mL; s ion is cons idered more valuable than rem inint', in 
e·H t h  orbi. t .  

T'l"! runa i.nckr of this rnr:�mo presents the rationale for t hese ground rules 
a :1d ou ':l i nes the manner in which the guidance systems 1 performance may be 
eralua ted in flir,ht.  

2 .  Dq:radeu S-IVB IU in earth orb i t .  
Analys i s  has shown that even w i t h  a gro s s ly degraded guidance sys t(·m, 

t i 1e S - IV13  i s  able to perform a TLI maneuver whi c h  would permit some sort 
or lunar operations . - Depending on the extent of degradation the luna r 
oper8. t i on could take the form of a hybrid ( non-free return ) lunar land i ng 
mt c: r.; i o n ,  an "F" type lunar rendezvous mis sion, or a lunar flyby. In all 
c a s e r" , t he mi s s i on would certainly at least start out on a non-free return 
t:·a.j c, c tor.v . The alterna te to this is to not perform the 'JLI maneuver but 
rr. ther to remain in eart h orb i t  and conduct a rendezvous mis s ion ( probably 
" :E " type ) with the LM and CSM. The priority of these alternate operat ions 
ir c 11rrcntly in the order listed above ; that i s ,  if pos s ible , it i s  

pr:::f'e rr1b lr: to obta i n  lunar operations experience .  We have di scus sed a t  
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r:w:· , l , l•:rl/ ': l .h  Llw extent of the IU rlq�radat.Lon which would still perm i t  
lllfj'J r ·  opr r"J i . i  onr; and i i, 1 r; cc�rta i nly gross . For example, we are tolcl 
1r/' rn. , : . :d j f •.nmrnt of the IU platform throughout the entire TLI may be 
t;olr:rablr� . I note these thi ngs since previous ground rules were based 
o n  con:: i cl cra t lons of that type, but we have now concluded that they do 
no t 'Jccount for the real problem. Namely, if the S -IVB has failed to 
:; �::r 'k · t•·c Ln .. hlr: extent VIC would have very 1� ttle confidence that it ;::;Qt<ld 

2 

'\-;': a1;l• to perform any sort of TLI . That i's, probability of its failin[; 
';r,raJ,lc L•:J,y •hrinr� TLI i r;  very great . If this were to happen we would not 
r,nl:; lo:;r; . the lunar ope ra tion, but would lose the capability of doin,s an 
' • 'J !' t ': c., ···t , ;  L'Jl mis:1ion as welL And, on top of that, the grossly perturbatcd 
J:'LI ·,:oulrJ leave us in a seriou:; non-nominal s i tuation . These cons i d e ra t ions 
-t · :,n1-�J 11;r] us to' the conclur>ion that we should not attempt to do thr TLI 
u:reJ.V': r :lf there is  �ry indication that the S-IVB IU is not performir.[� 
!- Y'OVTl,j • 

. . • '.Lherc are two source s of failure ind i cation. The first is  by the .3-IVB ' s 
mm f.gj lure: detection E.ystem which ind icates failures via telemetry. 'Ehe 
;;ecor.d :;,s by compar i son with the CSM PNGCS and MSFN tracking. The se 
comp:c.r ' sow; , it mw; t be emphasized, are extremely gross . That is, the S-IVB 
IU i s  der: i r�w'd to be at least an order of' magnitude more pre cise  than the 
CSi1 PNGCS and . thr� MSFN . Thus , these monitoring systems ---telemetry, CS£1, 
an:: :'1SFN---do not provide data to prove that the IU is performi ng normally 

but r'l.ther 'l.r'2 only able to show us when it has degraded very badly-- -for 
'c %:arJpJc, ,  30 to 100 s :i gnn ! Whereas, MSFC 1 s definition of a definitely and 
abs.olutely broken IU ic anythine; beyond 3 s igma . Therefore, the actual 
L mj_ ts we '<lould r; elec t for TLI Go/No Go based on the S-IVB IU peri'ormar;ce 
e·ralua t :Lon can only be the smallest, dependably, detectable failure . T'ha t 
i :: ,  '<Je Hould use the c:malle st faLlure which we can confidently attribute 
to thee S - IVB rather than the comparison system itself. Deviations in 
excesr; of tha t  amount are certainly true S-IVB IU failures and would n: sul t 
in a No Go for TLI, and the alternate mission must  be earth orbital .  

!; .  CijM PNGCS fa i_lure, detected in earth orbit on the first lunar mis s ;  on 
'lttempt (F or G) . 

If CSM PNGCS failure is  detected, the options are : 

( a )  Perform a lunar flyby performi.ng all mid course corrections on the 
SCS anrl hi13h speed reentry with the backup systems . 

(b ) Rema.in in earth orbit and perform long duration spacecraft sy ' terns 
t e ::; t r: on the c ommand module and LM. 

• 

No LM rc nrlc :�:vou :; r;hould be considered since command module re scue capabili c;y 
; ; : nr , l , av:J i b1Jlr� w i Lh PNGCS failure . We would certainly not brake into 
l'JTJ'' r orl; i I; c i Lhc: r .  



It i �  no C clear at this time which of the se options is  preferable . In 
f'J C t ,  t h '  �: will probably not be known until after completion of the 
mi ;;�; ion prior to the one under di scus s ion here . However, this is not 
importan t  s ince , as far as we could determine , there is no reason why 
e i ther of the se alternate mi s s ions could not be performed . For example , 
it •.·la s no tod that we can expect the lunar flyby to be on a free return 
tra .. j e c tory s 1.nce the S-IVB i s  a ssumed to be working normally. There 
app:jn; ntly :L s ade quate redundancy in the scs· to be tolerant of furtber 
�::; s tcr1;; fa i lure s .  Also, cons ideration may be given to us inc; the PNGCS 
<::Ycn H H ha. � faHed to the extent that the platform is driftinc, a t  . 0 tf_r: ra te of ) per hour . For example , that is juGt equivalent to the 
sc�; . InrJ i cnt ions from a ll knowledgeable lunar return entry people are.. 
t ha t  nocrew safety probl ems are jmrolyed in that mis s ion phase .J.J.S-i-Hg-
t he ·backun syr;� although, of course , t he spacecraft may not land 

· a �� close to t he recovery s hips a s  we ' ve become accu stomed to • .  There 
-.-:�. c: �:omr: que s tion as to whether or not the acceleration t ime h:Ls tory 
CJ.'.:.r � :-: ;:: a lJO.Clcup' constant g entry i s  tolerable to the crew . All 
ir,'L c: a •: ions to date are that it i s  acceptable . To my knowledge , t here 
� ::  only one loose end to track d own . {1-nd that is, i s  the sxTjs¢;1; 
mandatory for TLI. or are a] terna te sighting devices adeqnat,-, for 
;;:J . . >lrlnce a ncl cont�ol sys tem alignment? We t hink they are . � If not ,  the 

� . . ;> 8Y.:'r 'dill have to be c hecked before the burn. · . > 

5 .  Ioy a c c cpti.ng the se e;round rule s ,  it should be pos sible to establi s h  
9. moni torin13 techni que ·1-1hi c h  would permi t performing TLI o n  the first 
GJ •portuni ty c:ven for an Atlantic inj ection ( i . e . ,  about 100 minute s 
a: ·ter lift off ) .  The tec hnique would be to compare t he CSM PNGCS and 
t i l e  �o - IVB IU duri.nc; the launc h phase and earth parking orbit . If th1 s 
C < ·t:'.]l' •r :  ;;on :i. e; favorable, tbat i. s ,  to within the tolerance to be · 

3 

:;J ; C C  i l' i ·::d t1,; dc c; c r i  U(!d :i n parae;raph 3 , it can be a s sumed that both the 
fc -IVB IU a ncl the CSM PNGCS are performing well and we would execute TLI . 
I:J' the compnr :i. son were not wi.thin those limits , one of t he sys tems must 
have fa i led by our defini tion, but we have insuffic ient knowledge to 
ckterrninc whi c h  one wi.tbout performing a CSM PNGCS platform alignment in 
ettrth orbi t .  Thi s  would be carried out a s  soon after the fa ilure was 
cktected as pos s ible , bu.t would certainly necessitate going another 
rc voluti.on and TLI coulcl not occur until the second opportunity , If the 
f5 i lure turns out to be in the IU, we would not perform TLI but would 
ca.rry out a CSM/LM long duration mis sion with rende zvous in earth orbit . 
If thr: f11 i.lurc i r>  in t he CSM PNGCS , we have the option ( to be determ:;,ned 
{!I ·:fl i r�bt ) of doing TLI ·1 t t he second opportunity and performing a lunar 
fl. 'hy , or of s cruhb i n c; �.'i ,I for that flight and remaining in earth orbit . 

r, . I vtc;u ld l.L_kr; to conclude by expre s s ing my apprec iation to Carl Hus s  
:J.f 'l h i : :  1\lt<:rn: , l,c, Mif : [; :i c•n HcN i c·w Panel for helping u s  a t  his February 29 
' ' ]  " :1.nrl " G'' Luru1r MJ �r_;iun meetinr;. Our las t  T.LI Mi s sion Teclmique s 



mw: t i. n r� c;ot stalled on top dead center in the absence of a clear under
s b.nd ing of alternate mi ssion priority, a m o n g  o t h e r  thing s ,  and they 
f:CJ.VC' UG the needed pu�:h to ge t going a ga in .  

n 1 A  , ���L��� � V:· Tindall, Jr . \ • · 
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MAY Ita GIIITION 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE : November 15, 1968 

68-PA-T-252A 
FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT: F Rendezvous Mission Techniques 

We had our first F Rendezvous Mission Techniques meeting on November 12 . 
We went through the whole thing rather smoothly with very few open items , 
probably due to all the past work on D and G. Obviously it is a much 
simplier .exercise than the D rendezvous . This memo is to record a few 
of the significant agreements .  Many more were reached but have been 
understood for some time and are not considered particularly controversial. 
Attached is a list of action items assigned to MIT. 

L The CSM Se·paration maneuver from the LM an hour before DOI shall 
be radially downward 2 . 5  fps . 

2 .  We intend to use identical REFSMMAT in the CSM and LM. It will 
be computed by MCC-H at the beginning of the DOI period of activity and 
will not be changed throughout the entire rendezvous . In fact, it will 
probably be used for TEI as well. It is keyed to the pseudo-landing 
site and will not incorporate information obtained by later orbit 
determination or by optics observations of the pseudo-landing site - just 
like G. 

3 .  Both the DOI and Phasing maneuvers shall be targeted from the 
MCC-H, of course . This will be done prior to DOI and relayed to the crew 
as a maneuver pair . We do not intend to update the spacecraft state 
vectors between DOI and Phasing from the MCC-H.  However, a period of 
rendezvous tracking and navigation has been tentatively scheduled for 
about 30 minutes during that period. 

4 .  The CSM will be targeted and counting down to make the first 
maneuver of a Hohnann transfer to a 20 n.m.  circular orbit if the LM 
becomes inactive a.t phasing. The command module will also be prepared 
to execute a mirror image type maneuver when the LM executes the Insertion 
burn which starts its duplication of the lunar landing mission rendezvous . 

5 .  Targeting for the Insertion maneuver will be updated in real time 
from the MCC-H, designed to achieve a 15 n .m. differential attitude 
during rendezvous . There is some question, however, if this targeting 
is to be based on MSFN tracking or on state vectors as determined onboard 
by rendezvous nav:Lga tion during the phasing orbit. 

Ru11 T J  . .  r . .'lavinvs Bonds Rev_ularh on the Pa'Vrotl Savints Plan 



6 .. We were not able to conclude much with regard to AGS operation 
since it is  not clear what computer program will be available for the 
F mission. We hope to know what its capability �o1ill be about November 15 .  
Of course, we are assuming that the primary guid2.nce systems will be using 
COLOS�lUS II and LUMINARY. 

7 .. Just as is planned for the G mission, we intend for the MCC-H 
to relay the LM state vector obtained by telemetry following the Insertion 
maneuver back to the CSM. Thi s  will be followed by REFSMMAT alignments 
by both spacecraft . 

8 .  The CSM will use its P30 series rendezvous targeting programs both 
for its own mirror image targeting and for relay to the LM. In order for 
the LM to compare solutions , it will be necessary to inclui e  certain bias 
on the maneuvers as determined pre -flight due to the errors induced by 
using P30 1 s  rather than the P70 ' s  and also because of the one minute time 
delay in TIG (for example , at 1 . 5  fps ,  bias is  required on CSI ) . It is  
intended that the CSM backup CSI,  CDH, and TPI using the SPS . Incidentally, 
it is intended to use LM +X RCS for CSI and +Z RCS for CDH and TPI . 

9 .  As planned for G, we are labeling the CSM maneuver targeting as 
the "yard stick" for LM maneuver verification in real time . This  is 
based on our belief that it is  possible to independently verify GNCS 
performance in real time - something we can 1 t do with the LM PCtNCS . 

10 . We had our usual discussion regarding tolera-ble TPI time slip.  
It  appears that with VHF ranging, the TPI window is quite large - perhaps 
+ 15 minutes or so . If this is the case, we should have very little 
problem. FCSD has accepted the task of determini.ng just what the window 
is and of defining precisely the optimum location of TPI . MPAD will 
deterrrdne the anticipated three sigma TPI slip . The point that really 
counts though is that we should never have to abandon the TPI elevation 
angle option in fav::>r of the time option and we are to carry out our plan
ning based on that assumption. Incidentally, there is complete agreement 
that we must use two elevation angles for TPI . One for approach from above, 
the other from below just as was planned for G .  

11. There may be  some problem associated with recording LM low bit 
telemetry in the command module on the back side of the moon if someone 
really wanted to do that. It apparently conflicts with simultaneous VHF 
ranging which we consider mandatory. Whoever wants this data will have 
to look for some other substitute for a LM tape recorder, it  seemed to us . 

12 . Our next meeting will be in a month or so .  We ' ll firm up the 
tracking schedule and will list the equipment we :feel required to continue 

2 



at each milestone in this exercise at that time . Something else we ' ll try 
to get squared away by then is all the "mickey mouse" required to get 
landing radar data at the same time we are doing the Phasing burn ! And, 
we need to pin down the burn monitoring procedures to the Ph&sing and 
Insertion maneuvers .  

Enclosure 

PA :HWTindall, Jr . : j s  
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MIT ACTION ITEMS FOR F RENDEZVOUS 

(November 12, 1968) 

l. Is the Target /).V going to be or has it been changed from a 
routine (R32)  to a program (e . g . , P76 ) in LUMINARY? If not, why 
not? 

2 . What program sequence choices have we for getting landing radar 
data on the downlink just before the Phasing burn? 

3 .  What program sequence should be used for the APS Insertion burn 
preceeded by DPS staging to insure proper RCS attitude control by 
the DAP? 

4 .  What i s  the cost of slipping TPI execution i n  COLOSSUS without 
updating TIG? 

Enclosure l 
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FlROM FA/Chief, Apollo Data l�iority Coordination 
68-PA-T-2[0A 

SUBJECT: F Mission Techniques - 1M Checkout 

On December 6 vie had our first F Mission Techniques meeting dealin8 
with pre -DOI activity. It resulted in a lot of things I never expected , 
since I thought the timeline and procedures for 1M checkout and CSM 
landing s ite tracking ·�<ere pretty well organized and acceptable •·li th 
just minor tune-up. At this meeting we really shook up the world and 
are now looking into substantial changes in overall concept as well as 
changes to the detailed techniques .  The two most significant proposals 
under consideration nov1 involve the following :  

a .  There are good reasons - and a strong des ire on  the part of 
the creVI - for manning and checking out the 1M prior to putting on 
their bunny suits (PGA ' s ) . The significance of this as I understand 
it is  that the crew feE,ls they can perform their tasks much eas ier ·H i t h 

out the suits on - including moving from one spacecraft to the other 
quickly and easily and then suiting up at some convenient time integrated 
in with the other activity just prior to DOI . 

b .  Everyone i s  now seriously looking into the benefits and dis 
advantages of scheduling a period o f  1M checkout prior to DOI Day . The 
idea is  to see if it i E> possible to shorten DOI Day by manning, powering 
up and checking out many of the 1M systems , and then powering it dmm 
again prior to LOI (actually before the last translunar midcourse correcti on ) 
or immediately after LOI2 before the rest period. Of course, it must be 
determined that checkout carried out at this time need not be repeated 
after powering down the 1M and that the time and energy spent during thi s 
earlier period i s  not too expensive . It must be emphatically stated that 
our deci sic:ons must be ·based on G mission constraints since they may be 
tougher to meet than the F mission. The point i0 that we ceri ainly do 
not want to set up a special technique just for F' s ince one o� our primary 
objectives is to use F as a dres s  rehearsal for G .  

If  we schedule a pre -LOI period for 1M activation and checkou t, the 
configuration on DOI Ds.y kill be : 

a .  LM will be pressurized 

b .  Drogue and probe will be stowed in the CSM (any stru �ture or 
e . g . problem for LOI? ) 
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And the following systen checks wiH [lave been ll1'3.Ci-e : 

a .  S -Band s teerab:i_e ha s been che c)l:ed 

b .  VHF - B s implex checked 

c .  COAS and AOT l:Lgh ting chec)l:eq 

d .  LR checked 

e .  LM S-Band (PRN) ranging DTO accomplis ped 

f .  Cabin re gula to'" c hecked 

g .  DPS throttle c hecked 

h .  Oxygen purge sys tem che cked 

i .  RCS cold firing (require s LGC and IMU powered up ) 

j .  Gimbal drive te st (require s LGC and IMU powered up ) 

k .  PGNCS gyro drift c hecked 

l .  PIPA gyro drift checked 

m. CES rate gyro c he cked 

n .  LGC E-memory dumped and c hecked - and reloaded if' nece ssary 

Again, the maj or rea son for doing this i s  to reduce the pre-DOl t imeline 
since on both F and G the DOl Day has grown exc e s sively long.  Speci
fically, the current timeline provide s  about 10 hours between wake-up 
and the DOl maneuver . :More than one - half the Cj_ay is gone before they 
even start doing anything . 

So you see quite different than my naive pre-meeting impre s s ion, He ho.vc 
a lot of thi_ngs to do to (';e t this thing s quared away, but before 1,1e cnn 
even do that 'ile have to get some fairly s ignifi cant dec i s i ons on the hro 
i tems noted above . Of course,  we must do enough HOrk to supply the d ata 
required to get the se dec:i. sions , unle s s  someone' wants to arbitrarily 
c hoose our course of action. vle intend to get t,oge ther a r;ain on FridGy, 
December 13 to continue our deliberation. In tbe meantime , we are hopin1', 
to ge t some� opinions from around the country whether thi s is c ;n  insane 
approach o.c not . 

PA : HWTinda H, Jr . : j s  
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NASA Manned Spa cecraft Center 

DATE : May 12, 1969 

69 -PA -T-76A 

FROM PA/Chief, Apollo Data Priority Coordination
. 

SUBJECT : G mis s ion lunar des cent i s  uphill - all the way 

Just in case you didn ' t  know, I thought I would send you thi s note 
about some nominal G mi s s ion landing site c haracteristics  which I 
thought were kind of intere sting. First of all, apparently thi s 
landing site (2-P- 6 )  is  about 9 , 000 feet lower than the mean lunar 
radius . The s i gnificance of thi s ,  of course,  i s  that all ascent 
and de scent targe ting - in fact, all lunar altitudes - are referenced 
with respect to the landing s ite radius . That i s ,  the 60 mile cir
cular , LOI orbit i s  targeted with respect to the landing s ite and 
thus is lower by 9 , 000 feet than you might have as sumed.  But more 
important, the insertion altitude after ascent whic h is nomina lly 
60 , 000 feet above the landlng site i s  really only 51, 000 feet above 
the mean lunar surface and , of course,  le s s  than that over the bumps . 

Another interesting c haracteri stic is that the approach to this la nd i ng 
s ite is even lower . Specifi cally, the estimated slope of the lunar 
surface as the .spacecraft approa che s  the landing site is about 1° up� 
hill . This in itself appears to be tolerable , although it doe s perturb 
the des cent trajectory a little causing the approach angle to be low -
that i s ,  toward the visibility washout direction . Something we do want 
to look into about this was brought out by Bernie Kriegsman (MIT ) the 

· other day, _One of his computer runs s howed that dnri ng the fi na J ..por-tioJl 
of'__the __ des=t.-�ectory nnder automatic control, the spacecraft would 
actually ��nding and would achieve a positive altitude rate prior 
to landin& The dispers ion that caused thi s was a 1° slope uncerta inty 
in the lunar datum, which when added to the aforementioned estimated 
slope resulted in a 2° uphill grade . We are going to have to cross-check 
this to see if thi s is really what happens . If it i s .  we are goi ng to_ 1\have to look in to the effect of this on hm1 the crew would re spond and 
�how the land i ng radar works under thi s condition. 
I 

( 
Howard ltl . Tindall, Jr . 

PA : HWT : j s  
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r·� (\�� .�\ r . .  � -:. pnr�d 2p::rr.::�aft tclltcr 
M i:;:;ion l'b;;: i ; ;g & f.:;::j':;s l;ivbon 

DATE : JUL 1 1 1969 

69-FM5l-l94 

CSM lunar orbit plane change maneuver on Apollo ll 

As everyone is well aware, we are trying to get as accurate an esti
mate as possible of -che perturbations to the lunar orbit for the land
ing mission. The current revision to the Spacecraft Operational 
Trajectory i s  predic�ing a 16 ft/sec CSM/SPS lunar orbit plane change 
maneuver based on the current R-2 lunar potential model. This maneuver 
is scheduled about 4 hrs 18 mins after IM landing. However, when com
paring the effects predicted by the R-2 model and the new thirteenth 
order potential model currently being evaluated by the Mathematical 
Physics Branch with �he perturbations observed during Apollo 101 it 
appears that the plane change required may be very much less ( or none 
at all) . 

The reason for all this is that on Apollo 10, it was observed that the 
descending node remained relatively fixed at around o, o selenographic 
latitude and longitude and that the orbital inclination tended to 
become more equatorial, thus moving the orbital latitude at Site 2 
toward the south .  The R-2 potential model predicts a northerly change 
of orbital latitude ·at the longitude of Site 2, much the same as the 
triaxial model. The thirteenth order model predicts an inclination 
change which moves the latitude in a southerly direction but overpre
dict s this shift by :30 to 50% . 

The predicted change in inclination was . 0002°/rev for R-2 and 
0 . 0251°/rev for " 13, 13" versus 0 . 020°/rev observed. This change in 
inclination results :Ln an observed change in latitude at Site 2 of 
approximately 0 . 007°/rev. This would mean a plane change maneuver of 
around 7 ft/ sec if the same 6.¢ were observed on Apollo ll . 

Due to the difference in the predicted change in inclination for a 
May versus a July miGsion ( 0 . 35° versus 0 . 25°) , the latitude change 
could require as little as 5 ft/sec for a lunar orbit plane change 
maneuver. 

The best current estj_mate of a m1n1mum SPS 6.V for the nominal CEM 
weight after IM undoeking is 10 . 25 ft/sec based on a 0 . 5- second burn 



time and a 18-second ullage beginning 16 seconds before burn initia
tion. If a lunar orbit plane change maneuver required less f>V than 
this minimum limit for the SPS, it would be done by the LM during 
ascent .  Thus, it seems probable that there will not be a CSM/SPS 
lunar orbit plane change maneuver.  

FM5l :MDJenness : jrh 

Martin D .  Jenn 

APPROVED BY: 

P. Mayer, Chief 
ion Planning and 

Analysis Division 
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PA/ Chief, Apollo Data Priority Coordination 

NASA Manned Spacecraft Center 

DATE : March 7, 1969 
69-PA -T-Lf2A 

SUBJECT: G Lunar Surfa ce s tuf'f is s till incomplete 

l 

On February 27 we held a Mi s sion Techni que s meeting which I thought wa s 
going to s imply edit the "final" version of the Lunar Surface Document 
prior to its relea s e .  Tb my chagrin we discovered that there are at 
least two areas requiring much more thought and analysis . We will 
probably meet again to resolve these during the las t  week of Marc h .  The 
release of the Mi s s ion Techni ques Document will have to be delayed 
accordingly . 

Before delving into these major items , there are a couple of other 
things I would like to mention . The first may seem trivial.  It deals 
with terminology - specifi cally, use of the expres s ion " go/no go" regard
ing the deci s ion whether to s tay or abort immediately after landing on 
the lunar surface . Every time we talk about this acitivity we have to 
redefine vhic h  we mean by " go "  and "no go . "  That i s  - confusion inevitably 
arises since " go" means to " s tay" and "no go " means to "abort'' or " go . "  
Ac cordingly, we are suggesting that the terminology for this particular 
decis ion be changed from " go/no go " to "s tay/no stay" or something like 
that . Just call me "Aunt Emma. . "  

Last summer GAEC honored us with their presence at one of our meetings 
and to celebrate the occas ion we give them an a ction item. We a sked t hem 
how to make the tilt-over decision and to establish the attitude and rate 
limits for aborting. We haven ' t  heard from them s ince , on that or a nything 
else except RCS plume impingement . Don ' t worry, we still have four months 
to figure out how to do i t .  

I would like t o  emphas i ze that we do not want t o  trim residuals following 
the CSM plane change maneuver . It i s  recognized that they may be rather 
large since it is th<:= first SPS undocked burn, but we would rather take 
them into account by adjus ting the a s cent targeting than by spendin12; CSM 
RCS propellant . 

Another thing we realized about the CSM wa s that we had not definitively 
established the attitude the CSM s hould maintain during LM ascent nor 
whether it was neces sary for the MCC-H to compute the a s sociated IMU gimbal 
angle s .  
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Our bigges t  problem in this mi ss ion phase deals with platform alignments . 
Specifi cally, '.<e are still not sure what sequence of ali gnment options 
s hould be used , although, I think everyone a grees we should use a gravity 
alignment for the actual a s cent . The bas ic pro . .Jlem seems to stem from a 
lack of understanding of just how the LM Lunar Surface Program ( P5 7 )  
ac tually works and ,  i n  each case , what the torquing angles rea lly ind i ca te . 
Of course , the thing we are primarily intere s te d  in accompli shing i s  to 
eva luate the performa nee - that i s ,  the drift of the IMU - in order to 
decide if it is work:'. ng, if we should align the AGS to the PCNCS , if we 
should update the IWI compensation parame ters ,  if we s hould lift-off on 
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the PGNCS or the AGS , etc . Prior to our meeting at the end of March, TRW 
will write out in deta i l  how they think the system actually vorks along with 
a description of how we should use it. Guidance and Control Division may 
do the same . Then, we will all get together with MIT to see j_f we can get 
this thing stra i ghten out and cleared up . 

Finally , our other big problem has to do with how we should handle the 
LM loca tion on the moon (RLS ) and the CSM s tate vector, particularly 
during the first two hours on the lunar surface in preparation for the 
countdown demonstration and ,  if nece ssary, ascent at the end of the first 
CSM revJlution. The point i s  we will have all the data needed to determine 
the LM' s location but ·we do not want to c hange i t  in the various computers 
(LGC , CMC , RTCC ) unless we can maintain a cons i s tant CSM s tate vector, too . 
And, i t  is not at all clear how we can do all tha t .  Thi s subject becomes 
another major i tem on the a genda of the " ides of March" meeting. 

PA : HWTindall, Jr . : j s  
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NASA Manned Spacecraft Center 

DATE : February 11, 1969 

69-PA-T-22A 

SUBJECT: G Lunar Surface Phase Mi s sion Techniques 

1!010-108 

During the first hal:f of 1968 we held a sequence of meetings which 
culminated in a proposed set of mis sion techniques concerning use of 
the guidance and propulsion systems while the LM is in the lunar 
surface . This was documented in a Lunar Surface Phase Mission Techniques 
book, dated October 6, 1968 . On February 5 we reviewed these techniques 
with the newly selected G crews , MIT, and other organizations concerned 
with this busine s s .  Some changes were made ,  which I would like to tell 
you about.  

Probably the most significant change deals with CSM activity during 
this period of time, something which most people almost completely 
ignore . The most important thing the command module does is  to execute 
a plane change such that the LM ascent can be carried out essentially 
in-plane . The second thing the CMP does is  to attempt sextant tracking 
of the LM on the lunar surface in order to refine targeting for the LM 
ascent maneuver. Our proposed plan had both of these things scheduled 
in the period immediately prior to LM ascent, taking almost eight hours 
of fairly continuous activity. The plane change was li revs before lift
off . As a result of somebody' s  suggestion - I think it was Buzz Aldrin -
we looked into performing the plane change about 2i revs after the LM 
lands .  We found tha t this resulted in considerable improvement in the 
overall operation, provided it is unnecessary for the LM to lift-off pre
maturely . This single disadvantage i s  brought about by the fact that the 
plane change targeting i s  based on an assumed LM lift-off time .  The 
advantages are : 

a .  It provides a long period of stable trajectory conditions prior 
to the LM lift-off . 

b .  It make s the mis s ion plan tolerant of slippage in plane change 
execution or any other CSM activity, for that matter. 

c.  It shorten:; , simplifies ,  and balances the periods of CSM activity 
better and makes them more consistant with LM period s of activity. 

By moving the plane change into the landing period of activity, it is only 
necessary for the Cl� to start LM ascent preparation about 3/4 rev before 
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LM lift-off . It is  at that time while in darkness that he aligns his 
platform such that during the last pas s  over of the LM he may hopefully 
make sextant observations for MCC-H ' s use in targeting the ascent . 

Incidentally, you will probably be interested to know that the nominal 
plane change for a mission carried out in July will be about 60 fps and 
in August about 170 fps . Although the state vectors for MSFN tracking 
should provide ample stability for carrying out the CSM plane change 
maneuver this long before ascent, it i s  probable that some LM yaw steer
ing will be necessary to compensate for whatever errors propagate to 
lift-off time .  These errors, we feel, should be well within the LM yaw 
steering capability .  (Note : The yaw steering propellant requirement is  
proportional to the square of the yaw steering required; one-fourth degree 
costs about 5 fps ,  one -half degree yaw steering costs about 20 fps of APS 
propellant . ) 
Considerable time was spent discussing the insertion orbit for which we 
should target aborts immediately after LM landing . As  you know, during 
pm-!ered descent, aborts are targeted for a variable insertion velocity 
to achieve the desired rendezvous light and LlH characteristics . At the 
start of powered descent abort targeting a ims for a high apogee . This is  
continuously decreased for aborts later in power descent until i t  reaches 
30 n . m. apogee below which we do not care to aim. Therefore , for aborts 
from powered descent later than that and when first on the lunar surface we 
continue to aim for a 10 x 30 orbit . After passing the first go/no go 
approximately three mi.nutes after touchdown the crew exits the descent 
programs which deactivates the "instantaneous" abort capability .  There
after, if it i s  neces�:ary to abort they must use the standard ascent 
program (Pl2 ) . The question was - what should we aim for then? After 
lengthy discussion we arrived at the non-unanimous decision to target an 
abort at that time to the 10 x 30 orbit also .  The most favorable alter
nate was to aim for the standard 10 x 45 which i s  used in the nominal 
mi ss ion, although in this case,  you recall, i t  is necessary for the LM 
to remain in the insertion orbit for two revolutions in order to catch up 
to the command module before going into the standard rendezvous sequence .  
The primary advantage of the lower orbit is  that its  higher catch up rate 
permits spending about three more minutes on the lunar surface evaluating 
the LM sys terns and preparing for the LM lift-off if it ' s  necessary. It 
also reduces probability of APS propellant depletion which is  somewhat more 
likely in  an abort since the crew has not yet gotten rid of some of the 
equipment which they plan to jettison on the lunar surface . We may hear 
some more about this decision. 

The third topic consuming most of our time dealt with lunar surface PGNCS 
alignment . I think everyone i s  now pretty well satisfied that the opera
tional alignment procedure should use the gravity vector as opposed to the 
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AOT since it i s  not only easier for the crew to perform but is  more likely 
to provide the smaller dispersion in flight path angle - that is ,  it  is the 
safer . On the other hand , it was finally agreed that AOT/star alignments 

should also be attempted - not only as a test of the system but also for 
the data they will provide for determining the location of the LM on the 
lunar surface . For those familiar with the various alignment options , we 
all finally agreed on the following sequence for both the simulated count
down to lift-off at the end of the first CSM revolution (abort ) and for the 
lift-off at the end Oj' the nominal lunar surface operation; the option order 
is 1, 2, 1, 3 .  (One thing someone ought to look into i s  whether the LM 
legs deflect as a result of crew movement within the spacecraft because if 
it does significantly change the spacecraft attitude they must be careful 
not to move around during these alignments . This sounds like a good action 
item for the FOP. ) 
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George Cherry suggested an alternate way of stopping RCS jet firing immediately 
after touchdown. He pointed out that just jogging the hand controller will 
not necessarily immediately stop the firing and suggests instead cycling 
the PGNCS mode control switch to Off and then back to either Attitude Hold 
or preferably Auto to reset the DAP. 

In summary, I would say this whole business was substantially simplified 
at our clam bake and is in pretty good shape right now. We have a solid 
plan for the crew and ground activity which everyone i s  satisified with. 
I think the only soft spot is in regard to the targeting for aborts from 
the second go/no go point and that should be easy to settle soon. 

�rJ.).j"'\{';__� Howard w. Tindall, Jr . 

PA :HWTindall, Jr . : j s 
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PA/Chief ,  Apollo Data Priority Coordination 

DATE : JUl 2 6 196tl 
68-PA-T-l69A 

SUBJECT: July 9 and July 24 "G" Rendezvous Mis sion Techn:cques meetings 

l .  During the July 9 and July 24 "G" Rendezvoun Mis sion Techniques 
meetings we have developed preliminary intra-vehicular rendezvous 
navigation sighting schedules , Crew work load <�stimates currently 
in use for the "D" m:i. ssion rendezvous are included. These trac·idng 
schedules are very inqJortant since they have a :predominating in:nuence 
on almost everything else . For example, from these it has been poss ible 
to develop a preliminary spacecraft attitude ti1ae history 1-1hich sho1w 
some fairly large gar>s are going to be present :'"n the CSM MSFN ·�elemet.ry 
coverage . This ,  of course, is due to the fact that the S -band antcmllc\ 
is  on the same s ide of the spacecraft as the sextant, which must be pointed 
down in order to observe the LM. Of course, during maneuvers occuri.n1,. 
within sight of the earth, the CSM can be yawed to a heads dmm attitude 
enabling S..;band telemetry coverage , The rendezvous activities do not 
ordinarily interfere with 1M telemetry coverage . 

2 .  The Orbital Mission Analysis  Branch (OMAB) of MPAD has dist:cibuted 
a memo (68-FM62-217, dated July 15 , 1968 ) which presents the re-vised 
rendezvous profile including the relative mot:Lon plots and visioili ty 
and slant range time histories .  Some of the most interesting features are : 

a .  Insertion occurs at approximately 340 n .rn. slant range . By CSI 
this range vlill have decreased to approximately 170 n .m. 

b .  The 1M will appear to the CSM to be less than 8° above the lunar 
horizon for the entire first two hours after insertion into orbit .  AftE'r 
that, it will move below the lunar horizon. 

c .  There vlill be two points of sun interfe:cence for the sextant 
tracking of the LM, one immediately after insertion and another approximn t" ly 
two hours later, about 20 minutes before 'rPI . 

3 .  OMAll preroE:mted th.e results of a study which shows that it is not pos s i l'le 
to use the c;ame maneuver solutions for 1M maneuver targeting and CSM mi�·r,n· 
i!lk'1ge targeting on a lunar mission as is  done on the "D" mission. Acco:cd
ingly, if the CSM does not have CSI targeting C ?.pability in its compute:c, 
the 1M crew will have to sequence through P72 to provide mirrm image 

Buy U. S. SauitJJ'J Bonds ReJlularl'V on the Pcnroll Sat,inru Plan 



maneuver targeting to the CSM and then P32 to target its own guidllnc:: e 
systems . If the CSM does have the CSI targeting programs , the LM Ci . i·! 
will be relieved of this j ob and will use P32 only . The CSM pilot will 
pick it up since the nominal procedure would call for his  determination 
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of the LM maneuver targets using P72, which he would relay to the LM for 
PGNCS solution comparison and AGS targeting . H" would then use P32 to 
compute his own mirror image maneuver. It appE-ars that the 'l'PI time used 
in the P32 and P72 computations may have to be different regardless of 
which spacecraft doeB it.  Since the mirror image maneuver is  to be 
executed with a one minute time delay after planned LM ignition time ,  it ma y  
also be neces sary to change CSI time . OMAB is looking already into this . 

4 .  There was considerable discussion regarding initialization of the 
LM PGNCS and CSM G&N for rendezvous navigation . As reported previously, 
platform alignments 1>y both vehicles right after insertion are now 
included in the time line . Upon completion of the CSM platform alignments, 
the MCC-H will relay a new LM state vector into the CMC based on LGC 
telemetry after insertion. Even with this update, it is anticipated that 
the uncertainties in these state vectors will be quite large , making 
i t  neces sary to use i.ni tial values in the W-matrix which will not be 
suitable for W-matrix reinitialization during the rendezvous sequence .  
The Math Physics  Branch i s  looking into that. We ended the meeting by 
starting the development of some "G" mission rendezvous ground rules 
and working agreements similar to those developed for "D" . Those we 
agreed to so far are attached. 

5 .  The next meeting will be i n  September since many key people will be 
on leave during Augu[;t .  

Enclosure 

PA :HWTindall, Jr . : j s  



l.  General 

"G" MISSION RENDEZVOUS GROUND RULES . WORKING AGRF,EMEN'IS 

AND THINGS LIKE THAT 

a .  The reference tra;jectory is that provided by MPAD, dated August 

15, 1968. 

b .  Nomenclature for the burn sequence following insertion i s :  

( l )  CSI 

( 2 )  CDH 

( 3 )  PCI 

(4 ) TPI 

( 5 )  TPF 

c .  The rendezvous will be run throughout with the vehicle roll angles � 
0° . The only exception to this is  when during maneuvers within sight of the 

earth the CSM roll is 18o0 • TPI from above will be initiated " heads down" and 

TPI from below will be initiated " heads up" for either vehicle . 

d .  A LM state vector time tagged 12 minutes after insertion will be 

uplinked to the CMC within five minutes after insertion. State vectors are not 

sent to either vehicle again during the rendezvous phase . 

e .  IMU alignments will be made starting five minutes after insertion by 

both spacecraft and take I>recedence over the state vector update if timeline 

and/or attitude conflicts develop .  

f.  On both spacecraft all rendezvous navigation will be carried out to 

update the LM state vector. That is ,  the LM radar data will be used to update 

the LM state vector in the LGC and the CSM sextant and VHF data will be used to 

update the LM state vector in the CMC . 

g .  The CMC ' s  LM state vector will be updated after each LM maneuver with 

the P'{6 Target ll.v Program using the pre-burn values as determined in the LM' s 

pre-thrust program. 

h .  The state vectors in the AGS will be updated each time PGNCS is  con

f i rmed to be acceptable . Thi s will likely be at each time it is  committed 

to make the next maneuver using the PGNCS except perhaps TPI . 

i .  AGC alignments will be made each time the PGNCS is  realigned and each 

time the state vector in the AGS is updated from the PGNCS . 

Enclosure 1 



TO 

, .,. OP1'10HAL FORM NO. to 
MAY 1102 EDITION 
GSA FPMR {41 CFR) t01•11.t 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: SEP 1 2 1 9 68 

68-PA-T-195A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: G Rendezvous 

Itt . 
' 

In spite of the feverish activity we have on three swinging miss ions 
C ,  C ' ,  and D, a few of us found a couple of minutes to spend on the 
G Rendezvous . Some things came out of it that are probably worth 
reporting: 

1.  As you know, on the D mission during a LM active rendezvous 
the c ommand module wj_ll be targeted with mirror image maneuvers to 
backup the LM for CSI and CDH. These mirror image maneuvers are 
identical in magnitude but opposite in direction, since it has been 
found that the small errors resulting are a reasonable price for the 
simplicity we obtain in the operation. Unfortunately, when operating 
around the

' 
moon it ' s  apparently not possible to use identical �V 

components for CSM mirror image targeting. This means that it will 
probably be necessary for the crew to first cycle through the CSI/CDH 
targeting program for the other spacecraft (P70 series programs ) and 
then run through the targeting for their own spacecraft (P30 series 
programs ) . 

2 .  For the D minsion it was decided that a single TPI elevation 
angle could be adopted (27 . 5°) for all rendezvous situations . That is ,  
either spacecraft corning in  from either above or  below. Unfortunately, 
the lunar rendezvous geometry prevents us from adopting this operational 
simplification and we must use different values of elevation angle depend
ing on whether the a]Jproach is from above or b0low . The values we have 
selected (based on Jerry Bell ' s  work) are 26. 6  for the approach from 
below and 28. 3° for the approach from above . The basic difference between 
these values is the phase angle between the two vehicles at TPI,  which in 
lunar urbi t is much grE ater than around the eal'th for the sa•1e separation 
distanr,e .  The primary reason for having to USE' different values is to 
keep the TPI maneuver along the line-of-sight. Another reasvn is to keep 
componf'nt maneuver execution time for the two vehicles the s:ime except 
for differences in thei.r navigation. 

If you have a ny  comments or que stions about any of this ,  our next get 
together on the lunar rendezvous i s  currently ncheduled for 9 a .m. on 
September 18, 1968. 

Howard W. Tindall, Jr . 

PA :HWT Lndall, Jr . : j s  
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TO 

OP'TlONAL P'ORM NO. 10 

MAY 1882 tWITION 
GSA P' .. Mp;c ("I CP'R) 101-11.e 

UNITED STATES GOVERNMENT 

Memorandum 
: See list attached DATE : September 23 , 1968 

68-PA-T-202A 
FROM : FA/Chief, Apollo Data Priority Coordination 

SUBJECT: G Rendezvous Mission Techniques 

If you can stand it,  I would like to announce another change in the G 
miss ion lunar rendezvous timeline . In order to provide more tracking 
which will hopefully improve CSI targeting and to avoid bothersome 
real time variations of time between CSI and CDH which foul up the 
plane change s cheduling, we propose : 

a .  Move CSI five minutes later - to 5 5  minutes after insertion 
which is nominal apogee . This is primarily to avoid a rather large 
radial b.v at CDH . 

b .  Always s chedule CDH one half a revolution (180° ) after CSI .  

c .  Schedule plane changes 30 minutes prior to CDH and at CDH, 
as before . The LM should use the Z-axis RCS LM thrusts for the CDH 
maneuver (by yawing if neces sary) to avoid los ing RR acquisition . 

d .  The LM may include a plane change at CSI if the CSM has 
adequate sextant tracking for targeting it .  Rendezvous radar only i s  
not considered adequate . 

The nev1 tine line looks like thi s :  

5 5  27 30 33 
() 
INS . CSI P.c . CDH & P.C . 

The only d isadvantage '"e currently see is  that i t  reduces the time b-2tween 
CDH and TPI to about 33 minutes .  However, 33 minutes should ue adequate 
even with dispersions and the advantages of a relatively fixed maneuver 
schedule and better navigation before CSI seem v•ell worth it .  It  should 
be noted that a (hopefully srr�ll)  change in the CSI targeting programs 
(P32 and P72 ) would be required to force the computer to use the 18o0 
spacing bet-,leen CSI and CDH . Thi s  can be done in either of two ways . Our 
preference would be to provi.de the crew control probably by modifying the 
sec:oc.d P32 DSKY display format to utilize the third register which is  
current:Ly blank all option code . [The other two displays in thi s format 
are apr; l d, ; �L LTOss ing (N )  and TPI elevation angle (E) . ]  The simplier but 



less  flexible way of doing this job is to increase the magnitude of the 
parameter currently stored in fixed memorg which is used in the CSI R 
test,  which forces the logic to use a 180 transfer when the pre-CSI 
orbit is found to be essentially circular and apsidal crossings become 
ill-defined , Ed Lineberry will submit a PCR for this . 

Several action items came out of our meeting as follows : 

a .  MPAD - It is neces sary to develop a rule governing the use of the 
VHF data in the event no sextant data is being obtained . It is  our under
stand ing that VHF data by itself is not only inadequate , but could actually 
degrade the proces sir:.g . If this is  so, we need to establi sh procedu:ces 
whereby the crew inhibits VHF into the CMC when sextant data is not avail
able . 

b .  MPAD - It i s  our proposal that the CSM be the prime source of 
targeting the plane change maneuver regardless  of which spacecraft 
executes it, This is because the sextant is potentially more accurate 
than the rendezvous radar for this particular purpos e .  Here again a 
rule is  needed to define how much sextant data is needed to target the 
plane change maneuver as opposed to using the rendezvous radar solution. 

c .  MPAD - We came to the conclusion at the last meeting that i t  was 
not possible to use the same maneuver solution for CSM mirror image 
targeting as the LM uses for burn execution. This meant the crew would 
have to cycle through two programs rather than just one . On further 
thought, it seems as though we can avoid this extra complexity, Hhich 
is really rather sertous . I am sure we can for the CDH burn and it 
seems probable that "'omething can be done for the CSI burn too, particu
larly since it ' s  com,trained to be horizontal . Accordingly, we have 
requested OMAB to re -·examine thi s procedure to see if we can ' t  clean 
it up . We must  also determi.ne whether one minute de lay tn the mirror 
image target:Lng is really a requ irement since these are RCS burns nn'l 
problems at TIG don ' t  appear to be too likely. 

d .  ASPO - Milt Contella repeated a rumor that the rendezvous radar 
may have random error tn the shaft angle measurement when the line -of
s :l ght from LM to CSM tR close to the lunar surface . We must find out <<hat 
the true situation iB as  qui.ckly as  pos s ible and start figuring out some 
Horkaround procedure to be added to all the other one s .  

Odds and Ends 

We are assumtng that the CSM will backup the LM CSI and CDH maneuvers 
us i ng the SPS ; it is probable , hoHever, as on the D mission, that it  
Hill. backup TPI with RCS . We have also concluded that the CSM should 
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not backup the plane change s ince that requires yawing out-of-plane and 
disrupts tracking between CSI and CDH. Of course, if it is  known that 
the LM will not be able to perform the plane change maneuver, the CSM 
will do it at that tc_me . If the LM and CSM both fail  to perform the 
plane change 30 minutes before CDH, the CDH plane change will force the 
node near TPI and so in that event the plane change will be taken out 
during the TPI burn targeted with R-36 to force a new node 90° after 
TPI time . Thi s, of eourse, is  a departure from the nominal TPI plan 
whi.ch calls for forc ',�ng the node at  intercept {TPF) . 

That ' s  it !  

PA :HWTindall, Jr . : j s 
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TO 

FROM 

OPTIONAL. P'ORM NO. 10 
MAY Ita IEDITION 
GSA PPMft (•t CPR) 101•1!,8 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

FA/Chief, Apollo Data Priority Coordination 

� o#�/. )'ka�L4__ 
DATE : October 25,  196S 

6S-PA-T-236A 

SUBJECT: CSI and CDH back into the AGS - maybe 

f a 

Apparently the TRW AGS people have done a good job of putting the new 
rendezvous radar navigation filter into that dinky computer . In fact, 
they now estimate a surplus of some So words . 

One of our brilliant �� engineers here in MPAD - Ed Lineberry - has 
developed a simple technique for computing the CDI and CDH rendezvous 
maneuvers provided the CSM orbit is near circular as it should be on 
the G mission (reference MPAD memo, 6S-FM61-31S, dated October 15,  1968, 
subject : Linearized solution for CSI and CDH for a multiple-half-orbital
period transfer between maneuvers ! ) . In fact, he expects that it could 
be fit into the aforementioned 8o words . He and Milt Contella have already 
discussed this with the TRW people who are looking it all over . If things 
go well, he expects they will come to the Software Configuration Control 
Board with the proposal to include it  in some future AGS program and we 
can decided at that time if that is the best way to use our little So word 
Christmas present. 

I wrote this because that idiot Ed Lineberry is too darn modest to tell 
anybody and I thought you might find it interesting. 

Howard W. Tindall, Jr . 

PA :HWTindall, Jr . : j s  

Buy U.S. Savings Bonds Reguir1rly on the Payroll Savings Plan 



TO 

FROM 

OPTIONAL FORM NO. 10 
MAY 1M2 EDITION 

GSA FPMR (41 CP'R) 101•11.1 

UNITED STATES GOVERNMENT 

Memorandum 

See list attached 

FA/Chief, Apollo Data Priority Coordination · 

NASA Manned Spacecraft Center 

DATE : May 12, 1969 
69-PA-T-77A 

SUBJECT : Manual Steering for LM Ascent 

Over the years various groups have attacked the problem of if and how 
the crew can manually steer the LM back into orbit from the lunar sur
face . These stud ies  were started before GAEC was even selected to 
build the LM and some analysis is still going on to define the optimum 
pitch attitude profile ,  which should be used in this mode . On May 8, 
I invited representatives of the MSC groups I knew had been involved 
in this busine ss to a discussion - the purpose of which was to pin 
down just what the status is today. We were also interested in deter 
mining if something useful could be done between now and the G mi ssion. 
In summary, I think we all agreed that : 

a .  We should certainly not count on a manual operational backup 
mode for lunar ascent in the same sense that manual modes backup some 
other critical mission phases such as  rendezvous targeting, burn control, 
etc . However, it ' s  better than nothing and we ought to be prepared to 
do something . 

b .  Without a rate command attitude control system, it is extremely 
doubtful they could achieve orbit even if they had trained thorougply 
in the technique . (Currently there is no training planned for the G 
crew , ) 

c .  There are some things we should and will do before the G mission 
to prepare for this contingency, since it is an unfortunate fact that 
there are apparently quite a variety of two-failure combinations that 
can put us into this serious situation. 

One of the first impress ions you get when you start looking into manual 
ascent is that the procedures which should be used are strongly dependent 
upon the character of the system failures .  That i s ,  there are many 
d i fferent combinations of failures ,  each of whic h should be handled in 
a different way . As a matter of fact, the multiple-procedure-sets idea , 
combined with the low-probability-of-occurring idea has probably 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 
is not that remote and a worse situation can hardly be imagined . Further
more , our discussi.on leads me to believe that these multitude of procedures 
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don ' t  really present an insurmountable problem that can only be resolved 
in real time .  I get the feeling that the "variation in procedures "  which 
come about from many of the component failures is primari ly a reconfigura 
tion of spacecraft switch settings and the crew procedures probably aren ' t  
too different than for the nominal ascent itself . Of course, in that 
case the MCC must be prepared to advise the crew exactly how the spacecraft 
shou ld be configured to best support ascent .in one of these degraded modes .  
I t  "�>'as interesting to find that the method which must be used for the next 
level or class  of failures essentially boils down to the following few 
options : 

a .  Prior to lift -off, some sort of initial azimuth reference must be 
chosen such as a prominent landmark OF proba):lly the LM' s shadow on the 
lunar surface . Immediately after lift-off, the crew would yaw the space
craft to place the LPD line on the shadow prior to initiating pitchover, 
after which a landmark to aim for could be selected by the crew in rea l 
time . 

b .  After manual "Engine Start" , the crew would hold the vertical 
rise pitch/roll attitude for 15 seconds . They would then pitch the 
spacecraft in accordance w:L th pre-selected four step pitch profile . 
These angle s are essentially known today both: 

(1 )  In  inertial coordinates for use if  a spacecraft inertial 
reference system is available and 

( 2 )  In a relative coordinate system - that is ,, the overhead 
windm; marks which should be held on the lunar horizon. 

c .  Propellant depletion should probably be used as  the "Engine Off" 
technique and it is recommended that the interconnect not be used for 
attitude control since APS propellant is marginal to start with and should 
be utilized exclusively for getting into orbit. The "Engine Off" command 
could poss ibly be issued manually using the DEDA output of !J.vx provided 
the AEA and x-axis accelerometer are func tional but probably shouldn ' t  be . 

This procedure, which essentially targets the spa cecraft to the nominal 
insertion altitude and flight path angle most likely will result in a 
large dispersion in velocity, which of course would foul up the subsequent 
rendezvous . At least it provides the greatest chance of achieving orbit 
at all and probably minimizes the dispersions to give us a reasonable whack 
at rendezvous • 

It is evident the two things tha t the crew needs to do on this job are 
an attitude reference and an attitude control mode . I was very interes ted 
to find that if we constrain ourselves to talking about pure manual as 



opposed to the various levels of degraded automatic ascent modes,  we 
really came out with a very short list of candida0es for these 
two things . Specifically for attitude reference,  we have the following : 

a .  If the CES i s  broken, but the AEA, ASA , FDAI, and needles are 
available , they provide an excellent attitude reference . In fact, 
in this case , the crew should fly the needle·s as  opposed to the four 
step pitc h profile noted previously since they are driven by the actual 
ascent guidance error signal .  (Unfortunately, it probably means having 
to fly in Direct Attitude Control - heaven forbid ! ) 

b .  If only the I,GC is broken, we can use the IMU and GASTA driving 
the FDAI to provide a good inertial attitude reference if we can align 
it somehow ( caging, probably ) and can figure out how it is  aligned . 

c .  The overhead window has been especially configured for use with 
the horizon during ascent, which fortunately is sunlit throughout the 
nominal ascent . (A sunlit horizon is not always available for descent 
aborts or lift-off immediately after touchdown. ) Spacecraft pitch is 
controlled using the ho:::-izon and window marks ; spacecraft yaw utilizes 
the horizon tilt and roll (that is, azimuth ) must use some landmark 
as noted previously .  

Those are all the choices we could think of for an attitude reference 
if automatic control has been lost . Furthermore , we found there are 
only three manual attitude control modes ,  which I will list in order 
of preference :  

a .  If a PGNCS aecelerometer i s  broken, it i s  possible to use the 
LGC , IMU gyros ,  and hand controller to obtain a DAP rate command mode . 

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

c .  The rotational hand controller (ACA ) can be used in either of 
two Direct Attitude Control modes, both of which  are probably unacceptable . 
They are four jet - 12° (hardover ) and two jets - 2!0 • 

Follmo�ing is  a list  of things we are going to do : 

a .  MF'AD/TRW will recommend the final angles - inertial and horizon -
to be used for carrying out the four step pitch profile . 

b .  FCSD will check lvith 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 thi s for a real 
time voice relay from the MCC . 
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c .  Clark Hackler and Jack Craven are going to develop a complete matrix 
defining the preferred spacecraft configuration and capability remaining 
for degradation or failure of each component . This should be done by the 
first week in June . Incidentally, something along this line ha s apparently 
been v.·orked out by GAEC already. 

d .  I am going to see if it possible for some experienced pilot, pref
erably Pete Conrad , to run a few simulations of some of these manual 
abort modes ,  particularly to evaluate us ing the overhead window attitude 
reference with the three rate command and direct attitude control modes 
noted above . 

In mid June , we will set up a Mission Techniques meeting on thi s subject 
with world-wide participation - particularly MIT, TRW, and GAEC - to see 
where we stand at that time . Considering the catastrophic nature of the 
situa tion under discussion here , it seems some effort is certainly justi
fiable to get prepared. I would recommend that it be an effort equivalent 
to manual TLI steering . In other words ,  a blank check. Everyone at MSC 
and particularly the prime crew can spend full time on it, if they want 
to . And, I currently plan to have a Mis sion Techniques document prepared 
specifically for it, too - prior to G.  

PA : HWT : js 
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TO 

FROM 

OPTIONAL. FORM NO. 10 
MAY 1082. EDITION 
GSA FPMR (41 cP'R) 101•11.8 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : May 6, 1969 

69-PA-T-71A 

FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Ascent newsletter 

This memo is to report several interesting things regarding lunar 
ascent, both nominal and after a descent abort . 

l .  It turns out vie demand better performance of the PGNCS to 
support ascent to orbit than we do descent . Accordingly, if it is 
necessary to abort during descent due to degradation of the PGNCS , 
it  is atitoma tically necessary to swi tchover from the PGNCS to the 
AGS . Of course , this assumes that the AGS is  performing better 
than the PGNCS . 

2 .  We have recently had a running philosophical argument regard
ing ascent switchover. Of course, switchover in itself is not cata
strophic as is an abort; if the system you switch to is  working okay, 
the mission continues just as planned . This led me to push for establish
ing fairly tight switchover limits since I felt that it  was highly desirable 
to assure as near nominal rendezvous characteristics as possible . That is ,  
why stick with a degraded PGNCS if  the AGS is  working better? The only 
disadvantage seems to be the hazard involved in the act of switchover 
itself; all the switche s ,  relays , and so forth have tawork. In other 
words, it comes down to a tradeoff between the hazards involved in switch
ing over versus the dispersions in the rendezvous situation which could 
be avoided by switching over . 

More recently we have adopted a procedure for eliminating dis 
persions at insertion following descent aborts by making an adjustment 
maneuver immediately after insertion. This  so-called tweak burn is  used 
specifically to assure satisfactory rendezvous conditions . This procedure 
may aJ_so be used to compensate for degradation of the PGNCS during ascent 
and makes it possible to leave the PGNCS in control as long as it is still 
capable of providing a safe orbit.  However, if the PGNCS degradation i s  
sufficient to justify it ( say, worse than 3 sigma ) the crew should be 
advi sed of the situation during powered flight such that they will stand 
by for a tweak burn to be executed immediately after insertion us ing the 
same procedures as for the descent abort . 

Having adopted this technique , it seemed reasonable to set the 
PGNCS swi tchover limits fairly wide . The value chosen was 6 sigma .  The 

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



compromise here, of course, is the operational mes siness  of a tweak burn 
traded off against the swi tchover to AGS "hazard . "  

3 .  One thing whic h could give us bad trouble i s  a misaligned PGNCS 
prior to ascent , particularly if we align the AGS to it as  was planned . 
The problem, of course, is that small misalignments can result in unaccept
able insertion conditions and , even though ground monitoring would probably 
detect the situation during ascent ,  switchover would do no good since the 
-�GS would be equally misaligned . To avoid this situation entirely, we 
have concluded that the best course of action :is to independently align 
the AGS while on the lunar surface rather than to align it to the PGNCS . 
'rhis makes the two systems truly independent, >vhich not only gives us a 
cross-check on the accuracy of the alignment of each but also permits a 
useful switchover if somehow a PGNCS misalign escapes our detection 
technique s .  Incidentally, this also eliminates the problem of CDU tran
sients in the AGS lunar surface alignments .  Ac:cgrding_l_y, __ __"IV'e ar_§ prppp� _ _t'l_g 
that the procednres h�_change.\L:!;_g_g_l,!'LaJ[S_ut:i.lfze the AGs gravity _l,unar _ 

:mrface alignment technique rather than a:Li g!lillents to the__l'GNCS . I expeet 
this willbe done once--s-ome details have been worked out . 

4 .  It i s  interesting to note that the problem just discussed is not 
quite as  severe in the event of a descent abort . In that case, of course , 
the AGS must have been aligned to the PGNCS and so they both will suffer 
the same misalignment at PDI . What happens then if we have a descent 
abort and try to achieve orbit with both systems mi saligned ? It turns 
out that this particular error is partially compensating - that is ,  the 
trajectory dispers ion during descent is  partially eliminated by the 
trajectory dispersion during ascent back into orbit.  In add ition, the 
descent abort limits will be tight enough that unacceptable di spersions 
should not occur prior to descent . In other word s ,  we feel we have a 
safe situation here . 

PA : HWTindall, Jr . : j s  
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Howard W. Tindall, Jr . -�� 
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SUBJECT: 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : July 7 ,  1969 

69-PA-T-104A 

FA/Chief, Apollo Data Priority Coordination 

Manual Ascent revisited 

On July 2 we had another meeting regarding Manual Ascent .  As I have 
pointed out previously, the consensus is  that the crew should have an 
excellent chance of achieving a safe orbit by manually steering the LM 
from the lunar surface if they have a rate command attitude control 
system by us ing the horizon view in the overhead window as an att itude 
reference . The two primary facets we discussed this time were : 

a .  What sort of ground support could be provided to the crew during 
powered flight and 

b .  What sort of rendezvous sequence would be pursued following the 
LM insertion. 

This memo is to summarize the results of this session. Briefly though 
the ground assistance can be - substantial and the rendezvous can be a 
fairly standard CSM re scue requiring one or two extra revs . 

As you recall, the flight controllers on the ground have a substantial 
capability for n�nitoring the LM' s trajectory during powered ascent, eve n 
with the guidance systems broken, providing the RWC powered flight 
pJUocessor ( the "Lear " )  is working. This program provides a complete 
up-to-date state vector to drive the analog and digital displays in the 
control center .  As a result it i s  poss ible for the Flight Dynamics 
Officer (FDO) to monitor the ascent trajectory continuously and to dis
cern deviation :!'rom the nominal. For example, by monitoring the altitude 
vs . downrange distance plot and the velocity vs . flight -path-angle plot , 
he will be able to advise the crew if the radial velocity (altitude rate ) 
become s unaccepi�bly dispersed. Specifically, starting about three and a 
half or four minute s into ascent, after the trends are well established, 
):le should be able to advise the crew to bias the remainder of the ir pitch 
profile up or down probably us ing 2° increments . Given this assi stance , 
it is anticipated that the crew should insert with a nearly nominal 
flight -path -angle . 

It is also pos s ible for the FDO to ass ist the crew in ma intaining a near 
nominal out-of-plane velocity. That is,  once the crew has keyed their 
initial launch azimuth on their shadow and then a imed for a prominent 
landmark ( such as the south rim of Crater Schmit for landing s i te 2 ) ,  the 

Bt�'V U.S. Savinz.s Bonds R.eJt.t�larly on the Payroll Savings Plan 



FDO will call out 2° north/south (or left/right ) attitude changes when
ever his digital display of out-of-plane velocity exceeds 50 fps . This 
vectoring of the crew can start very soon after lift-off if necessary. 

A major problem we feel we have now resolved has to do with when the crew 
should shutdown the APS . Analysis has shown that a continuous pitch 
angle bias of 2° can result in an unsafe perigee unless the APS is run 
to propellant depletion. Therefore without ground vectoring, as noted 
above , we feel it is advisable to permit the AFS to operate until pro
pellant depletion; a 2° bias does not appear to be out of reason for 
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manual steering using that weird lunar horizon as a reference . However, 
given ground assistance in attitude control a propellant depletion cutoff 
will certainly result in an excessively high apogee, which makes the 
rendezvous situation more difficult and costly. Accordingly, we propose 
that as long as the ground monitoring of the trajectory indicates that it 
is reasonably close to nominal, the FDO will voice command engine "Off" 
when his display of safe velocity (V s ) equals zero . (Briefly, V 6 i s  the 
�V required to assure a 35 ,000 feet perigee at the current altitude and 
flight-path-angle , ) A call at this time, assuming a 15 second delay, will 
produce an overspeed of about 300 fps yielding about 200 miles of excess 
apogee which should be adequately safe . The important thing is  that it 
protects against apogees in excess of 250 n .  mi . (which have been regularly 
occurring in simulations ) . Although these high orbits can be handled, 
there seems to be no reason to accept them. In this same vein, analysis 
has shown that we have been unduly conservative in proposing use of the 
RCS propellant for attitude control during ascent . We now feel confident 
that it is safe to stick with the nominal proce,iure of using APS propellant 
for attitude control during manual ascent and saving the RCS for whatever 
come s next . 

Just  about any failure combination which makes it necessary to perform a 
manual ascent will also demand a CSM rescue sequence . The sequence which 
seems to suit the situation best is as follows : 

a .  CSM performs a phasing burn (NCl ) on the LM' s major axis "maneuver 
line" approximately one rev after IM insertion. 

b .  CSM will perform CSI � to l� revs after NCl depending on how high 
the LM apogee turns out to be . 

c .. CSM performs CDH � rev after CSI . 

· d .. CSM performs TPI at nominal elevation angle which should occur 
about midpoint of darkness . 

e .. Braking can be done by the LM and/or CSM at the crew ' s  discretion, 
based on the real-time situation. 



f .  Plane changes should be handled in the standard way - that is ,  
combined with the other CSM maneuvers and with the extra plane change 
burn between CSI and CDH performed by the CSM if it is necessary. (It 
is to be noted that any large out-of-plane situation must almost certainly 
be due to - a  velocit:y error at insertion and not an out-of-plane position 
error . ) This would cause the node of the orbital planes to fall near the 
major CSM burns such that most of the plane change required would be 
efficiently combined with them. Given control center assistance in 
ascent steering though, a large out-of-plane situation seems unlikely. 

Tb insure that even a very low insertion orbit can be handled, it was 
decided to bias ·the 1M lift-off late , approximately three and one-half 
minutes .  Specifically, the FDO will compute a 1M lift-off time con
s istent with a 10 mile circular insertion orbit and a nominal rendezvous 
sequence . However, since it is most desirable to utilize the sequence 
noted above rather than having to make rendezvous maneuvers soon after 
insertion if a low orbit is achieved, we feel the best course of action 
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is  for the 1M crew to be advised to make whatever ground computed maneuver 
is  required at insertion to achieve an orbit equivalent to at least 10 x 
30 n mi . orbit . That is ,  if they truly burn out very low, they should 
boost their orbit with RCS to permit use of the CSM rendezvous sequences 
noted above . Incidentally, they will also be advised to make an apogee 
maneuver to pull up perigee to about 16 n.  mi . as a safety measure in any 
case . 

If for some reason the 1M does not achieve a safe orbit with or without 
the control center assistance noted above, we still have a straw to fall 
back upon. The flight controllers have the capability immediately after 
insertion of computing a maneuver to insure at least a 3 5 , 000 feet perigee 
based on the Lear Processor. This maneuver will be scheduled at three 
minutes after APS shutdown or at apogee , whichever is required . It is to 
be noted that ample RCS should be available to execute this maneuver . 

Although we have I nowhere , nearly the same confidence of success, procedures 
have been established for the crew to execute manual Descent Aborts . The 
problem here , of course , is that a single pitch attitude time history can
not be established for aborts occurring at any time in powered de scent . 
However, the necessary work has been done by MPAD and TRW to provide the 
flight controllers with an acceptable pitch profile as a function of abort 
time in powered descent using the horizon attitude reference which would 
provide a safe orbi t if the crew were to follow it.  Accordingly, if 
communications are retained or regained after a descent abort,  the crew 
can be informed of a pitch profile to follow to achieve orbit . 

One other item we cHscussed was the relative merits of flying a completely 
manual aseent vs . e. completely automatic ascent using the AGS with a broken 



z -axis accelerometer. You recall in this event it would be necessary to 
fly the LM into orbit on its side in order to place the broken accelerom
eter in the out-of-plane direction and bring the good y-axis accele;r"ometer 
into plane to provide the automatic AGS capability. If the AGS works , 
everything should be just fine, but the crew 'ilill be unable to mon:htor 
i tl3 performance which leads to consideration of a completely manual ascent 
with its horrible overspeed problem. However ,  given ground monitoring we 
feel confident that a malfunctioning AGS can be detected and it is our 
strong recommendation that it be used . If the control center detects an 
unacceptable failure, the crew would be advised to yaw in-plane and pro
ceed into orbit us ing the standard manual ascent technique . 

PA : HWT: j s  
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SUBJECT: Ascent with busted guidance and control systems 

8010-101 

On June 11 we had a Mission Techniques meeting to discuss manual ascent 
from the lunar surface .  The term manual asc.ent, though, is somewhat 
misleading since �)st .of our discussion had to do with how the guidance 
systems should be operated if certain of its components failed prior to 
ascent . In summary, I think everyone generally agrees that : 

a .  Given a rate command attitude control system, the crew should be 
able to guide the spacecraft into orbit quite satisfactorily using the 
horizon viewed through the overhead window as his attitude reference .  The 
resultant orbit will be far from nominal which could present rendezvous 
problems , but at least we feel fairly confident he can get into orbit . 
Manual steering in the "Direct" attitude control mode is considered pretty 
hopeless in the sense that it is probably impossible to control the space
craft at all - not in the sense that the insertion conditions are not 
acceptable . 

b .  Both the AGS/CES and the PGNCS have a substantial capability, even 
if the accelerometers are broken. However, special procedures are required 
to utilize this capability. 

c .  Gyro failures virtually wipe out the system with the possible 
exception of the rate gyros in the AGS/CES package . 

The rest of this mem just adds a little detail to the above summary 
if you are interested. 

Pure Manual Ascent using rate command and the horizon 

Since our last meeting, Paul Kramer and Chuck Lewis have set up and run 
a series of sirrru.lations using CES rate command and the overhead windm;, 
which I understanc. were generally quite successful. They are ,in the process 
of documenting their results, so I suggest you contact them if you are 
interested. Briefly, they found that using the four step pitch profile 
MPAD/TRW has recon®ended works very well. They also found that it is 
possible to use the pitch angles in the current checklist that the crew 
uses to monitor a nominal guided ascent. These angles are tabulated for 
each 30 second time-hack. They found that letting the APS run to propellant 
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depletion always resulted in an excess ive overspeed - that is ,  yielding 
apogees up around 400 miles or so which suggests that it may be desirable 
to use the interconnect during manual ascent just as during nominal, 
thereby using APS propellant rather than RCS for attitude control. I 
expect  we will all agree this i s  the right thing to do . Due to simulator 
limitations , they used the initial FDAI as an azimuth reference . It was 
the consensus of those at the meeting that if the inertial reference is 
not ava ilable , as could easily be the case, an acceptable alternate ;s for 
the crew to yaw the spacecraft during vertical rise to place the LPD· line 
on the LM shadow. Given this initial launch azimuth as  a referenc·e·;· they 
should be able to choose prominent features downrange to head for in real 
time . In addition to the horizon angles, as viewed through the overhead 
window, corresponding angles as displayed on the FDAI are also available 
for the crew ' s  use if an inertial reference is available . The reason we 
place greatest emphasis on the horizon is  that it will always be there 
and a good FDAI may not be . 

PGNCS with accelerometer failed still provides attitude hold rate command 
and FDAI 

As well as anyone can determine , there is no reason why the PGNCS IMU 
cannot be aligned even with accelerometers broken. Of course, the gravity 
align is out , but it still should be possible to use the 1M body attitude 
option and the AOT two star s ightings option (alignment techniques 0 and 2 ) .  
The accelerometers will cause program alarms but the alignment programs 
should still work . In either case, we would recommend aligning the IMU 
to the standard nominal REFSMMAT. No special procedures are required for 
this and the crew would be provided a perfectly nominal FDAI display. 

Of course , no navigation or automatic guidance can be carried out without 
the accelerometer, but it still s hould be possible to get a rate command 
attitude, hold control capability provided we are able to manage the 
digital autopilot (DAP) in the LGC properly . Of spec ific concern is 
what special inputs , if any, are required to take Gare of vehicle mass 
as the as cent progresse s .  You recall, the LGC decrements mass as part 
of its :JAP function but without PIPA ' s  it  won ' t .  'rhi s also had some 
impact on which program the LGC should be operated in during ascent . It 
was our impression that the standard Ascent program (Pl2 ) is preferable . 
Alternates suggested were the Average G program (Pl+7 )  or the Idling 
program (roo ) .  MIT was assigned the action item of advis ing us precisely 
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how we :3hould hand le the mass in the DAP and which program was best from 
their viewpoint . One thing, reasons for preferring P12 is that the PGNCS 
might offer a redundant Engine-On capability as well as a more favorable 
attitude deadband . If the PGNCS is used with a broken accelerometer, the 
crew should follov1 the standard four step pitch profile and fly to propellant 
depletion as  noted above . 
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PGNCS-LGC failed leaves only an attitude reference - maybe 

If the LGC has failed, it is impossible to realign the IMU. This presents 
two choices ,  if the alignment is known and favorable at the time of LGC 
failure , it may be desirable to leave it alone •. If that is not the situa
tion, it  is  pos sible to cage the IMU thereby aligning it to the LM body 
axis, which may provide a usefUl reference if the LM ha s landed in a fairly 
level attitude with the z-axis close to in-plane . Obviously if the LGC has 
failed, the only capability the PGNCS can possibly offer is an inertial 
attitude reference s ince attitude control and navigation demand a functional 
LGC . 

AGS y or z accelerometer failed - AGS can still go "Auto" 

If either the y or z-axis accelerometer is broken, it is  impossible to do 
a lunar surface gravity alignment .  However, it is  possible to align the 
AGS given two AOT star sightings and ground assistance to compute the LM 
body attitude . Given the star data , the MCC will compute and relay to 
the crew both the LM and CSM state vectors in the AGS coordinate system 
assuming a body axis alignment (DEDA entry 4oo + 50, 000 ) .  It will be 
based on the assum:ption the crew will select initial guidance (DEDA entry 
400 + 10, 000 ) at precisely two minutes before lift-off . By zeroing the 
bias and scale fac tor coefficients in the AGS computer for the failed 
accelerometer, it is poss ible to use automatic AGS steering into orbit 
with a guided cutoff. Of course , no out-of-plane steering will re sult 
s ince the spacecraft will a lways be oriented such that the broken a c celer
ometer is oriented out-of-plane . 

If it is the z-axis accelerometer which is broken, it would be nece ssary 
for the LM to fly into orbit on its side . It is  instructed to do this by 
loading the so-called WR (Addresses 514 ,  515, 516 ) as relayed from ground 
to arm the WB (DEDA ent�y 623 + 10, 000 ) .  It may be possible to load a 
pseudo bias to compensate for the 1� APS engine cant angle . There is a 
real trade-off to be made here between using the manual guidance noted 
above with a resultant overspeed or to fly the automatic AGS guidance with 
the LM on its side . The crew would be unable to monitor its performance but, 
if it works as advertized it would produce good insertion cond itions for 
the subsequent rendezvous . 

If AGS x accelerometer is broken a good inertial reference is all that ' s  
left 

If the AGS x accelerometer is broken, it is possible to perform a lunar 
gravity alignment us ing the standard procedures associated with broken 
PGNCS/good AGS .  In this case , we are assured of a good initial attitude 
reference for use in flying the pitch profile , but the automatic guidance 
and navigation is completely lost by the AGS . 
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AGS/CES with a rate gryo broken 

No one is  able , at this time , to say whether or not the AGS can fly completely 
automatically with a rate gyro disabled. It is  suspected that rate feedback 
is required to provide a stable system but we are not sure . Accordingly, 
some runs are planned on the GAEC facilities with the RGA disabled to see 
what happens . If it can ' t  handle it, the crew will have to fly Direct in 
the channel with the broken rate gyro us ing the error as a reference . This 
will also be simulated . 

One major open item coming from all this is how we should play the rendezvous 
game given any of the situations here . Specifically, should we bias the lift
off time either late or early to give more time to do the rendezvous or to 
put the eommand module behind the LM at insertion? Should some CSM maneuver 
be made :prior to or immediately after launch? A nwnber of people will think 
about thLs and we ' ll probably get together in the next couple of weeks to 
lay out some plans s ince this is  just as important as knowing how to get in 
orbit in the first place . 

In all o:f the above cases a number o:f action items were identified, primarily 
dealing with establishment of precise procedures for initialization of the 
systems . It is  expected that the necessary information should be available 
within a :few weeks so that we can document all this before the G flight . 

PA : HWT : j B  

L .. . a .)  � :.. 1�, 
Howard W .  Tindall, Jr . � ·  • 
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On April 3 we had an Ascent Mission Techniques meeting - the first 
in a long time . This memo is mostly to express some rather general 
observations . 

I guess we all recognize that Ascent is really different from most 
other maneuvers in an Apollo lunar landing mission. It is one in 
which fairly small dispersions in the guidance can create an unsafe 
situation either by setting up an imminent lunar impact or poor 
conditions for carrying out the subsequent rendezvous ,  or by running 
the APS out of propellent . Accordingly, special efforts have been 
spent in trying to set up techniques for monitoring and detecting 
dispersions of this type onboard the spacecraft so that the crew 
can switch over from the PGNCS to the AGS in hopes of correcting the 
degrading situation. 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 
malfunctions of a magnitude, which could be catastrophic, in time to 
save the mission . The techniques which have been proposed for this 
are not sure-fire , even if executed to perfection . And, they are so 
complex that I seriously doubt the crew, with their limited training, 
would ever learn to use them with enough confidence that they would 
switchover from the PGNCS to the AGS even when it was necessary. If 
my assumptions are correct, then it seems we must recognize that the 
ground is not only prime for detecting and advising the crew of slow 
drift malfunctions but, in fact, MCC is  virtually the only source for 
this . This in turns means that if the MCC loses hi -gain S -band telemetry 
there will be no drift malfunction monitoring carried out and we will 
simply have to trust that the PGNCS is working. Off-hand, that does 
not strike me as an unacceptable situation since we only get in trouble 
if communications are lost AND the PGNCS fails insidiously. 

Another thing we must face up to is that we do not have a manual 
backup for Ascent Guidance and Control .  Unlike the rendezvous ,  where 
crew charts provide an excellent capability to press  on in spite of 
guidance system failures ,  no such capability exists for backing up 
Ascent . It is  true that techniques have been studied and proposed, 
some of which m:lght possibly work. However, the fact :ls that 1-1e do 



not have a •vorkable technique in hand toda.y, and even if' we did, it  
certainly could not be  cons idered operational u:nle il s the crew were 
thoroughly trained in its use . And, that they 'certainly v1ill not be . 
Here again, this situation strikes me as  no wor;se than "unfortunate . "  

So rrUlch for general observations . Followi ng are a feH spec:Lf:i c :L tem: 
coming from our discussion : 

a .  I '"ould like to re-emphasize that lil�e mos t  other maneuvers Ln 
the Apollo miss ion, lift-off must occur on time . vle are not planning 
for some sort of' launch window . Accordingly, if in counting dmm to 
Ascent TIG the crew falls behind for some reason, the lift-off should 
be delayed one CSM rev and the trouble that cau:sed the tardiness  should 
be cleaned up. For example ·- one test  for dete:::-mining whether it  is  
poss ible to  lift-off or  not is the PGNCS alarm coming on at  about TIC 
-40 second s ,  indicating average g will not be turned on at the right 
time and the PGNCS will not be ready for lift-o:"f . 

b .  In the event the PGNCS displays a f1v Thrus t  Monitor Alarm 
after the APS engine actually comes on, the ere\" should stick with 
the PGNCS which should be holding attitude until they have determined 
that the PGNCS is not going to control the spacecraft properly such 
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as ym,ing it to the proper launch azimuth and pi�tching over as programmed. 
When these various cues have all confirmed lack of PGNCS guidance, the 
crew should switchover to the AGS without attempting to recycle the 
PGNCS first .  Of course, before switching over to tbe AGS they sboulu 
ascertain that it is  working better than the PGNCS . To do thi s we 
recommend that the nominal display for initial ascent on the AGB DEDA 
should be altitude rate (H) . Following swi tchover , recycle at tempts 
should be made to clear up the fj,v monitor alarm in  an attempt to get 
the PGNCS back on the air .  

c .  In order to provide redundancy for the "Engine On" signal, 
procedures call for manually pushing the "Engine Start" swi.tch . It 
is to be emphasized, however, that this s hould be done only after the 
crew determines that the LGC "Engine On" commanc:� has caused the engine 
to start . We do not want to lift-off' if the PGNCS. i s  not is suing com"!la:!dc . 
Of course , in  order to get an automatic guidance engine cutoff at :i.nser 
tion, this manual Engine Start signal must be removed . The procedure 
calls for doing this when the velocity remaining to be ga ined is about 
200 fps ( i . e . , about 10 seconds to go ) . Immediately preceding settinc; 
the "Engine Arm" to "off" the interconnect should be closed . If remov-
ing the "Engine Arm" does turn off the engine , the crew should use the 
same switch to turn it  back on . Of course, they \<i.ll then have to stop 
the engine again when the velocity displayed by the FGNCS reaches  nominal .  



d .  We have no procedure for monitoring and backing up the PGNCS 
"Engine Off " command like those used for TLI, LOI , DOI, and TEL Due 
to RCS attitude eontrol activity during Ascent, the burn time can vary 
as much as 20 seconds from nominal, which makes that a useless parameter 
for thj_s purpose .. The AGS and the rendezvous radar range rate are 
potential candidates, but it was finally decided that rather than 
adopt some complex voting logic involving those systems , the best 
technique was to simply utilize the ground monitoring to determine 
v1hich system should be used to control the Ascent Guidance and to use 
whichever system is guiding as the sole cue for APS cutoff. That is ,  
as long as ·We are riding the PGNCS, let it do the job and back it  up 
manually only if it indicates the spacecraft has exceeded the desired 
velocity. If a f>Witchover to AGS has occurred, then use the AGS as 
the sole source .  It seems to us that, since this maneuver is always 
:Ln sight of the ground, a procedure like thj_s is acceptable . Of course, 
it depcndo on oat loeing tel-���

"'" L 
Howard w .  Tindall, �;:----��� � 

PA : HWTindall, Jr . : j s  
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TO 

OPTIONAL.. FORM NO, 10 
MAY 1M2 EDITION 
GSA FPMR (41 CFR) 101-11.e 

UNITED STATES GOVERNMENT 

Memorandum 
See li st attached DATE : 

JUL 1 8 1 9 68 

68-PA-T-l6J.A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: LM Ascent lift-off time can be determined by the crew 

Some months ago we submitted a PCR to remove the pre-Ascent targeting 
program (PlC ) from Luminary and this was done , Thi s  action was based 
on an assumption that a s imple crew procedure could be developed for 
doing the same j ob ,  in the event of loss  of communications , making 
the rather complicated computer program unnecessary. The Lunar Mission 
Analysis  Branch of MPAD has concluded their development and analysis 
of this technique and is ih the process of documenting it . It i s  
only necessary for the ground to supply two parameters by voice to 
the crew prior to DOI which will allow them to independently determine 
lift-off time to within about s ix second s ,  Thi s dispersion takes 
into account current estimates of MSFN accuracies ,  etc . The effect 
on the rendezvous differential altitude due to this error is less  
than one mile, which i ,s certainly far smaller than other dispersions 
which would occur in a non-communication situation . In other words ,  
it  i s  more than adequate . 

Quite s imply the procedure requires that the crew determine the time 
of closest approach of the CSM one pas s  before lift off by noting 
the time rendezvous radar range rate passes through zero en the tape 
meter . To that time, he must  add the CSM orbital period and another 
flT to obtain lift-off time .  These are the two parameters included in 
the pre-DOI pad mes sage noted above which will be determined by MCC-H 
based on the actual CSM orbit. 

PA : HWTindall, Jr . : j s 



TO 

FROM 

OPTIONAL FORM NO. 10 
MAY tsez EDITION 
GSA FPMR (<11 CFR) 101-11,8 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

PA/Chief, Apollo Data Priority Coordination 

DATE: JUL 1 8 1 9 68 
68-PA-T-159A 

SUBJECT: No 15 minute constraint for Lunar Ascent Guidance 

The Luminary GSOP indicates that it is necessary for the astronaut 
to call up the Ascent Guidance Program (Pl2 ) at least 15 minutes 
prior to lift off. This,  of course, is not consistant with our 
desire to be able to use Pl2 if we get a No Go for lunar stay 
approximately 10 minutes after landing . In that case, we intend 
to call up Pl2 with less than seven minutes to go before lift ofr. 
By checking lvith MIT, we have verified that the 15 minute limit is 
not a real constraint and that the only limit is the time required 
for the crew to go through the operations associated with Pl2, which 
is currently estimated to be less than five minutes .  (Simulations 
will eventually refine this ,  probably to a smaller value . ) 

I have asked MIT to modify their GSOP (by PCN) to reflect this . 

(J;v, ."Y Howard W. Tindall, Jr . 

PA :HWTindall, Jr . : j s  



OPTIONAL fi'ORM NO. IC 
MAY 1882 EDITION 
GSA FPMR (41 CFR) 101•11,. 
UNITED STATES GOVERNMENT 

.r- Memorandum 
TO 

FROM 

See list attached 

FA/Chief,  Apollo Data Priority Coordination 

DATE : JUL 1 6 1 9 68 
68-PA-T-15JA 

SUBJECT: Lunar Ascent preparation 

l .  A t  the July 3 Lunar Ascent Miss ion Techniques meeting we cleaned 
up the last of the main open items for the phase of the lunar landing 
mission from LM touchdown to liftoff. We are now ready to go to press 
for that part of the mis s ion and will hold a world-wide review of it  
before the end of the month. 

2 .  Most of the discuss ion was devoted to establishing the CSM timeline 
prior to LM Ascent. Much to my surprise , the CSM requires about eight 
hours (four orbits ) to prepare for LM Ascent . Involved is all of the 
work associated with determining the position of LM with respect to 
the CSM orbit and with making a plane change if i t  is  necessary. Time 
required for the LM to get ready is less than two and one-half hours 
unless rendezvous radar tracking is required . In that case, the LM 
crew would have to start powering up the PGNCS about three hours before 
liftoff, in order to track the command module during its l::tst pass over
head . It is necessar;y- for either the command module to track the LM on 
the lunar surface us ing the sextant or, if that i s  not possible , for the 
LM to track the command module using the rendezvous radar . The data 
thus obtained is required to target the CSM plane change o:r. the LM 
Ascent . In the timel:Lne that we settled on, the sextant tracking of 
the LM would be done three revolutions (approximately s ix hours ) before 
Ascent and the CSM putne change, if it is required, would be performed 
one and one-fourth revolutions (approximately two and one-half hours ) 
before liftoff. If the command module pilot is unable to track the 
LM with the sextant it will be necessary for us to target the command 
module plane change based on MSFN tracking and navigation, realizing 
that that the resultant CSM orbit may be as much as 0 . 30 away from 
the LM position as a result of MSFN inaccuracies . It is only in this 
event that we would require the LM to track the CSM with the rendezvous 
radar to obtain the data the ground would use to determine the out-of
plane steering the LM should execute during Ascent . It is only in 
the event that the command module is unable to track the LH that both 
the command module plane change and LM Ascent out-of-plane steering 
would be performed. 

3 .  The other thing we firmed up was the logic defining when to use 
the command module SPS to make a pre-Ascent plane change vs . yaw steering 

..., , 



the LM into the command module orbit during Ascent . The rule we establis hed 
was that if the LM is less  than half a degree out of the CSM orbital plane , 
the LM would take care of it during Ascent at an APS propellant cost of 
approximately 19 fps . If the plane c hange required is  greater than half 
a degree ,  the command module would be used, Thus , the minimum SPS burn 
would be 50 fps . The maximum should be no more than 200 fps ,  depending 
on the locati.on of the landing s ite and the inclination of the plane . 
These limits represent burn time s  between three and thirteen seconds . 

1 /  ' � ���A �w. Tindall, Jr . 

PA : HWTindall, Jr . : j s  
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TO 

FROM 

OPTIONAL PORM NO. 10 
MAY 1M2 EDITION 
GSA P'PMR (41 CPR) 101-11 •• 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

PA/Chief, Apollo Data Priority Coordination 

DATE : September 26, 1968 
68-PA-T-208A 

SUBJECT: Unusual procedure required for LM Ascent from the moon 

Jack Craven surprised us with a little jewel the other day during the 
Lunar Surface Mission Techniques meeting. He says that in order to 
enable the APS engine-on and staging commands from the LGC, it is 
necessary for the crew to depress (now get this ) the Abort-Stage 
button ! That is ,  depressing this button nmst be part of the standard 
countdown procedure to LM liftoff . 

Alternately the crew can manually arm the engine which permits them 
to send the engine-on command manually, but it does not enable the LGC 
signal .  Furthermore, if they do this,  it is necessary for the crew 
to also send the engine-cutoff signal manually since the signal from 
the LGC is  inhibited . � 

� y  Howard W. Tindall, Jr . 

PA :HWTindall, Jr . : j s  
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TO 

OPTIONAL FORM NO. 10 
MAY IIMIZ EDITION 

GSA FPMR (41 Cll'R) IOHI.I 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : May 28, 1969 

69-PA-T-82A 

FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT: Descent ,  Lunar Surface , and Ascent Mission Techniques with the 
H crew 

�10-108 

On May 20 and 21 we reviewed Descent, Lunar Surface, and Ascent Mission 
Techniques with the H crew (Pete Conrad and co . ) . This get together 
had two major objectives - to tell the H crew how we think these things 
should be done and conversely, for the first time to get a flight crew 
reaction to the techniques since in the main, they have been firmed up 
too late to review thoroughly with the G crew. In general, I think 
we are in pretty good shape on this stuff although there are, of course, 
the inevitable open items and questions we never seem able to rid our
selves of completely, 

It was interesting to note that the H crew seems des irous of cutting 
back some of' tb,e activities the G crew cons idered worthwhile . There 
are also obvious philosophical differences in their attitude regarding 
the use of the automatic systems vs . a more manual mode . Conrad seems 
much more inclined to stay with the automatic system longer than Armstrong 
as well as insisting that they work. For example, he does not propose 
to continue in the faee of no land ing radar data, whereas Neil apparently 
feels he ean substitute visual data for it . Some other interesting 
examples are : 

a .  Pete would like to drop out all the visual observations of the 
lunar surface, both bEl fore and after PDI including the LPD altitude 
checks . 

b .  Pete would lilce to substitute a landing radar altitude check 
prior to PDI . 

c .  Pete wants to do PDI face up . (Hallelujah baby! ) 
d. Pete also wants to drop the crew voice report of their estimate 

of where they actually landed .  

It  might be  worth reporting some other interesting things resulting 
from our discuss ion: 

a. We probably ought to add in some sort of AGS drift eheck pre -PDI 
after the PGNCS aligmnent check using the sun . 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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b .  There is still a controversy over when we should switch to the 

AGS . Some feel it should be done only if the PGNCS is  degraded to a 
point where it can ' t  make a safe orbit;  others feel we should switch
over as soon as it is certain the AGS will do a significantly better 
job than the PGNCS . 

c .  The decision has been firmly made that the crew will not manually 
backup the automatic landing radar antenna pos ition switch .  

d .  There is  still some work to be  done in establishing procedures 
in the event the GDA failure light comes on late in descent . Early 
in descent , I think everyone agrees the crew must  await secondary cues 
before deactivating the GDA . There may be some advantage to immediately 
turning it off if the light comes on late in des cent in that it may be 
possible to complete the landing using RCS attitude control only. 

e .  It was suggested that some sort of VHF ranging check could be 
done while the LM is on the lunar surface,  perhaps during the last over
pas s  prior to LM ascent or even during the ascent itself . We will have 
to look into this to see if it is practical and useful . 

Given the longer lunar stay of the H miss ion, it is clear the guidance 
system must be turned off to conserve electrical power . This has obvious 
implications on how the system s hould be used just after landing and 
just before lift-off . We have also decided to throw out the s imulated 
countdown for lift-o:E'f at the end of the first CSM rev. As a result of 
these and other things , I have asked TRW to revise the Lunar Surface 
Miss ion Techniques and we will review them with everyone when they get 
done . 

PA : HWT:  j s  

2 



TO 

FROM 

OPTIONAL FORM NO, 10 
MAY 19e2 I::OITION 
GSJ. FPMR {41 CJI'R) 101··li.IS 

UNITED STATES GOVERNMENT 

Memorandum 
S e e  li st  a ttached 

NASA Manned Spacecraft Ce nter 

DATE: July 16, 

69-PA-T-lllA 

PA l Chief, Apollo Data Priority Coordination 

SUBJECT: Change in delayed Pili Descent targeting procedures 

111 . 

� . 

-

This  probably doesn '' t amount to a gnat ' s  elbow to you, but I would like 
to change something in a memo that I just sent out the other day dealing 
with spacecraft state vector updating if we delay PDI one rev . Previously 
11e planned to leave the state vector in the LM computer alone but to 
c hange the landing s it e  pos ition (RLS ) to account for propagation error 
for the extra rev . Since then there has been a big  flap brought about by 
our d iscovery that the command module is making uncoupled attitude maneu
vers >vhich cause su:rprisingly large perturbation to the orbit , In order 
to minimize the se effects in the descent targeting for the delayed PDI 
situation, we have concluded that it is  best to redetermine the LM state 
vector based on the newer MBFN tracking (revs ],.2 and 13 ) and uplink it to 
tte LM if PDI i s  delayed, Since the RLS already has been compensated 
properly :for the associated propagation errors, it does not need to be 
changed , 

0t� 
Howard W ,  Tindall, Jr . 

PA :IDlT : j s  



TO 

FROM 

OPTIONAL FORM NO. 10 
MAY 1iU EDITION 
GSA FPMR (41 CP'R) 101-11,8 

UNITED STATES GOVERNMENT 

Memorandum 
S ee list attached 

NASA Manned Spacecraft Center 

DATE : July 11, 1969 

69-PA -T-106A 

FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Descent Data Select procedures are finalized 

l 

On July 7 and 8 we held a final review of the Data Select procedures 
and Flight Controller interface during the Descent phase of the 
lunar landing mission. Thi s lengthy memo is  to describe briefly 
some of the items discussed, all of which are being thoroughly 
documented before the flight . 

On F, as  you know, John Young did not track the center of the Land
ing Site 2 landmark - a crater designated "130" - but rather used a 
much  smaller crater on the rim of 130 .  He did this primarily because 
it was much  eas ier to do and, he thought, would improve the accuracy. 
It is  planned to use this smaller crater, which has been called "130 
Prime , " on the G mission also, and the RTCC is set up to do so . How
ever, it was emphas ized that we must a lso be prepared to use the old 
"130" if for some reason lighting makes it imposs ible for Mike Collins 
to acquire "130 Prime . "  

It was strongly emphas ized by the Data Select people that they should 
be in the high-speed mode for Lear filter initialization and condition
ing at least four minutes before PDI . If for some reason they are delayed 
past this point, their confidence in the system will be degraded . In 
fact if initialization is delayed until 20 seconds before PDI - the drop
dead point - they feel they will have no confidence in the system through
out descent at a ll .  

Analys is of the F flight data has revealed tha t the Lear processor for 
some reason gives best results when us ing three tracking stations 
rather than four, which  it was originally set up to use , Accordingly, 
it will be opera ted in the mode where the fourth station 1 s data are 
available but are excluded from the solution. If one of the three active 
sites fails during des cent, the Data Select people will immediately 
replace it with the previously excluded site . If it is concluded that 
the failed site will not be restored quickly, another s ite will be called 
up immediately to provide backup for a second failure . It is to be 
emphasized that  bringing up this new station is to provide a backup 
and an opportunity to observe its data . It will not be actively used 
unless  another site breaks down or the performance of the Lear processor 
unexpectedly becomes degraded in a manner consistent with poor station 
location geometry which the new station could help correc t .  

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



The Data Select people reviewed their real-time procedures for declaring 
the "Lear filter is go" as follows : 

a .  During the free-flight processing after going into the high
speed mode at PDI minus four minutes ,  they plot and compare Lear results 
with their best e stimate of radius and altitude rate based on previous 
MSFN tracking and a confirmed DOI maneuver .  If these parameters differ 
by more than 3 ,000 feet and 13 fps ,  respectively, the Lear is considered 
uncertain.  

b .  DurLng powered descent they have doppler 
each of the ind.ividual MSFN sites vs . the PGNCS . 
sort out a bad station . 

comparison plots for 
These are used to 

c .  They monitor Lear output plots of altitude , altitude rate , pitch, 
and LM mass  rate of change looking for discontinuities,  internal incompa
tibilities ,  smoothness ,  etc .  

d .  The Lear filter displays an e stimate of its own performance -
residuals , rate biase s ,  and so forth .  A particularly strong ind icator 
of performance is  the residuals of the fourth (excluded ) site, which is 
not included in the solution . 

During the Descent briefing to the management people , a week or so ago, 
Chris Kraft proposed that some sort of inflight lunar orbit checkout 
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be made of the Lear Proce ssor prior to Descent .  After lengthy and some 
times emotional discussion, we have concluded that it is most advantageous 
to use the same tracking stations and communication lines as during descent . 
To do this  we must perform the test on either the first or second lunar 
orbits before the Madrid station is lost due to earth ' s  rotation . It was 
also concluded that to perform this test in the on-line RTCC computers 
with the active third floor MOCR was too risky. Accordingly, the pro
posal is as follows . Configure the network stations to transmit high
speed data for a period of 15 minutes during the first lunar rev when 
the spacecraft is more-or-less over the landing s ite . Log the data in 
the control center and then play it through a third, off-line computer 
utilizing the second floor MOCR display system. Since no compatible G&N 
telemetry will be available at this time , it vlill be impossible to operate 
some of the displays such as the guidance officer strip charts . It will 
be possible however to make a realistic,  useful comparison of the Lear 
output with the other MSFN processing to see that this system is working 
properly end-to-end - from spacecraft to display system in the MCC .  Mike 
Conway (FSD ) is respons ible for assigning personnel to do this and for 
getting the control center configured for the test . He also intends , if 
possible , to get some simulated data and practice this test before the 
flight. I think the consensus is that this test is like airline flight 
insurance - a small waste of resources with very little chance of gain; 
however, it can pay off real big, if we ' re lucky! 7 
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Another question ansv1ered was ,  What spacecraft pos ition should be used 
for initialization of the Lear Proces sor in preparation of the T2 lift
off? ( "T2, "  you recall, is the delayed abort time shortly after landing 
associated with the second stay/no-stay decision . ) The problem here is  
that very little time is  available to assess  the descent tracking and 
telemetry data in order to select the best estimate of the actual land
ing site location. We finally concluded that the best solution was to 
use the preflight nominal value - the one computed from the F mission 
tracking . 

One very significant item resulting from our meeting dealt with reconfig
uring the MSFN tracki ng network after a T2 stay decision. It had been 
planned to keep all stations in the same configuration as during descent 
in order to support a lift-off one rev later ( T3 ) if that turned out to 
be neces sary. Unfortunately this leaves only two tracking stations with 
very little geometry on the command module which produces two substantial 
d isadvantages . First, the command module state vector hasn ' t  been updated 
s ince before DOI and it ' s  getting kinda worn out and yet it is the one 
whi ch would have to be used in support of a T3 launch and rendezvous . 
Probably more s ignificant is the effect on the nominal mi ssion, namely 
it is  intended for the CSM to track the LM with the sextant at the end 
of that first rev. It is anticipated that t his data will provide the 
best estimate of LM position on the lunar surface in support uf nominal 
ascent targeting as well as post -flight analys i s .  I n  fact, we intend to 
use this RLS determination in preference to any of the other RLS sources 
unless  there is some reason to suspect it is  s crewed up.  However, for 
the sextant data to be useful we must have an accurate CSM state vector 
to reference the sextant data too . This requires better MSFN tracking 
than had been planned .  Accord ingly, it was decided that immediately after 
a T2 stay decision, the Ascension station would be reconfigured for CSM 
tracking on the rema inder of the descent rev and for the next rev too . 
It will only be switched back to the LM in the event of a T3 no-stay 
dec ision. 

The problem of determining LM position (RLS ) to support a T3 launc h is  
a tough nut to crack . Our choices are based on powered flight navigation 
by the PGNCS , AGS , and Lear adjusted after touchdown with an improved 
estimate of LM pos ition at PDI . It  is  anticipated that the LM' s AOT/ 
gravity alignment data will not be available in time to support the Ascent 
targeting although if everything goes just right it might be . The point 
is that none of these data sources have ever been used before and each 
has its own potential problems that could foul it up badly. This makes 
its unreasonable to assign hard and fast priorities to these sources 
today, although everyone agrees that the Lear should probably be the 
best .  The point i s ,  determination of  RLS for T3 is being left open to 
real-time judgment of the experts who will include whatever bits of 
intelligence are available during the flight to select the best value . 
As  noted before , the CSM state vector and sextant tracking will normally 
be used for the nominal ascent, but it obviously won ' t  be available for 
a T3 launch. 
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We discussed the PGNCS reinitialization required if PDI is  delayed one 
rev. It was finally decided that  virtually under no circumstance would 
the state vectors in the PGNCS be updated even though later tracking 
data is available . The values of RLS will be updated by applying add i 
tional propagation biases to account for the extra rev . The exact pro
cedure for doing this is too complicated to put in this memo but I 
believe it is understood by everybody involved. 

And that ' s  that!  

PA : HWT:  j s 
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MAY t- EDITION 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : July 3,  1969 

69-PA-T-l03A 

PA/Chief, Apollo Data Priority Coordination 

SUBJECT: Some new ideas on how to use the AGS during .Descent 

This memo is  to fill you in on a couple of late crew procedure changes 
proposed for the G mission regarding AGS operation during descent . The 
first is a technique to prepare the AGS for immediate ascent which can 
be used to quickly reinitialize the AGS LM state vector immediately 
after touchdown if there iq any concern that the navigation during 
descent has fouled them up somehow. This is possible since the LM 
state vector on the lunar surface can be easily predicted before descent . 
Specifically, it  involves loading some storage location through the DE� 
just after the final state vector update from the PGNCS at about seven 
minutes before PDI . The numbers loaded would be the lunar radius (240 + 
56923 ) and the lunar rotation (262 - 00150) ,  which essentially constitute 
the entire state vector on a lunar surface , The rest of the state vector 
elements (241, 242, 260, 261) are all loaded zero s .  None of these 
addresses are used during descent or descent aborts so this procedure 
does not conflict with anything planned .  The idea is  that immediately 
after touchdown, when the lunar surface flag is  set, the crew would key 
in 414 + 20, 000 instead of updating altitude as currently planned.  This 
would initialize the AGS state vector with these quantities quite accurately 
to support an immediate ascent . This procedure is supposed to be brought 
to the Crew Procedures Change Control Board very soon, but I noticed that 
Buzz Aldrin was already doing it during the Descent s imulations last week. 

Everyone I have talked to feels it is  a good thing to do provided it does 
not overload the crew . 

The second possible addition to the crew timeline involves making use of 
the AGS DE� display just after touchdown to provide the crew a little 
more information regarding his touchdown attitude condition. · Bob Battey 
called me with a Braslau suggestion (AGS/T.RW) that, since the D� is not 
used during the terminal descent, immediately after touchdown it is pos
s ible to call up address 130, a component of the transformation matrix, 
which is essentially the cosine of the tilt angle displayed in octal. It 
was noted that this parameter has an interesting characteristic . If the 
spacecraft is perfectly vertical, the D� will read 4o, ooo. If the space
craft is  tilted 42°, which is  the critical tilt angle, the D� will read 
just under 30, 000 regardless of the direction of tilt . Display above 
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30, 000 is okay - the bigger, the better - and below 30, 000 is bad news . 
Thi s convenient crossover value seems to make this a poss ible extra cue 
for the crew to quickly assess whether the spacecraft has tilted more or 
less than the critical tilt-over angle . So far, none of the experts I 
have spoken to have seen anything wrong with this idea and generally 
consider it a desirable thing to do . That is ,  the procedure should work 
and should provide some useful intelligence for the crew, if they get 
into a suspected tilt-over situation. It could certainly not be con
sidered mandatory and so the decis ion as to whether to do it or not to 
do it rests entirely on the crew ' s  task loading during the last several 
hundred feet of descent . S imply, should the crew be fooling with the 
DEDA at this time � Ordinarily I would say no, but Buzz seems to be able 
to get music from that little mommy with his head turned off and both 
hands tied behind him. 

PA :H\-lT: j s 
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Memorandum 

See list attached 

NASA Manned Sptcecraft Center 

DATE: April 16, 1969 

69-PA-T-64A 

FA/Chief, Apollo Data l?riori ty Coordination 

SUBJECT: How the MSFN and sextant data are used to target DOI and Descent 

11010·101 

We had a meeting on April 9 which was extremely interesting to me .  
We discussed and settled on how the MSFN tracking and sextant land
mark observations would be used in the MCC/RTCC to produce optinrum 
DOI and Descent targeting for the LM. The big new factor that had 
to be taken into account somehow was the propagated state vector 
errors resulting from our inaccurate modeling of the lunar potential. 
This has forced us to ehange our planned techniques somewhat from 
those proposed before the C '  mission. Most of what we now plan to do 
is just as the Math physics Branch {MPB) of MPAD proposed to us at 
this meeting. I f·eel they should be commended for a pretty fair 
piece of work . 

I would first like to d.escribe the manner in which MPB proposed 
that the RTCC orbit determination consistency checks be made during 
the flight . As you recall, in a previous memo I noted that they 
feel it is  best to use the orientation of the orbital plane ' determined 
pre -LOI to which they add the in-plane orbital elements based on new 
MSFN tracking . Of course, it is necessary to continuously monitor and 
confirm that the plane established in this way is right . They intend 
to do this by performing s ingle-pass MSFN solutions after each lunar 
orbit and comparing the resulting inclination with that established 
pre -LOI . It is expected that the single-pass solutions will show a 
random variation about the pre-LOI value indicating it is  safe to 
continue using i t .  If they detect a bias or trend in these single
pass inclinations away from the pre-LOI value , they will have to update 
it . 

In addition to the inclination check performed continuously, they also 
plan some dis crete cons istency checks made in revs 6, 7, and 8. These 
checks will be made by processing MSFN tracking just as will be done 
later for the DOI and Descent targeting. That i s ,  they will determine 
the orbit based on rev 3 and 4 data and propagate it to rev 6 .  They 
will make a "plane-free " single -pass solution in rev 6 based on rev 
6 tracking . They will compare the three position components in local 
vertical coordinates { that i s ,  downtrack, altitude , and crosstrack) at 
20 minute intervals throughout rev 6 and will plot the differences vs . 
time . These plots shou:Ld show the propagated error from the older 
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solution as a function of time throughout rev 6 .  They will do the same 
thing using revs 4 and 5 data propagated to rev 7 and compared with a 
si.ngle-pass rev 7 solution. They will do the same thing with revs 5 
and 6 propagated to rev 8 .  These pos ition difference plots determined 
for revs 6, 7, and 8 will be superimposed upon each other to make sure 
there is consistency on determination of proi�gated state vector errors . 
Thi s consistency, incidentally, has been demonstrated on C '  and we expect 
to reconfirm it on the F mission prior to G. If it works as expected, 
it should be possible to determine the propagated error in all three 
components as a function of time on a state vector propagated ahead two 
revs . The significance of this , of course, is  that the DOI and descent 
targeting is  performed with a state vector which is two revs old and 
if' we are able to determine the propagation error, bias may be applied 
to compensate for them. That is a description of a rather complicated 
process . The important thing for you to understand is that a technique 
ai>pears to be available for determining and compensating for propagation 
error in real time .  

The manner in which we intend to use sextant tracking of the landing 
s ite has not changed s ince before C ' .  That is ,  we intend to determine 
the landing s ite pos ition by applying the measured relative displace
ment in all three components - latitude, longitude , and radius - to 
the current MSFN solution at the time of the sextant observations . 
Thus, the targeting solves the relative problem compensating for errors 
in both MSFN state vectors and the preflight estimate of the landing 
s ite location. We have established that the change from the preflight 
value :l:n each of these components based on the real time data must 
not exceed the following values : 

a .  Latitude must not be changed more than 12, 000 feet . 

b .  Longitude must not change more than 6, 000 feet . 

c .  Radius must not change more than 6, ooo feet .  

These values are based on  our current 3 sigma estimates of  preflight 
map accuracy RSSed with the MSFN orbit determination accuracy. It is 
felt that corrections larger than these must indicate some sort of 
gross failure demanding either that the sextant tracking be redone by 
delaying DOI one rev or that the sextant tracking be ignored and the 
Descent targeting be based on the preflight value s .  Incidentally, 
the mission rule defining which of' these choi ces to pursue is a 

significant open item which must be resolved . 

2 



Now I would like to describe how the propagated errors are compensated 
for . 

a .  Crossrange , which is essentially latitude, will not be com
pensated for propagation errors at all. Since we are using the frozen 
plane technique, by definition, no propagated error can occur . 

b .  Error in spacecraft altitude is compensated for by changing 
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the radius of the landing site by an amount equivalent to the propagated 
state vector error in the altitude direction. The empirical correction 
is determined from the propagation state vector plots described above 
by reading out the error in altitude associated with a time in orbit 
equivalent to touchdown time . �he point is that the state vector is not 
corrected, but rather compensation is  applied to the landing site 
radius since this is a much cleaner procedure . 

c .  Downrange error is more -or-less equivalent to landing site 
longitude and presents special problems . Consideration was given to 
compensating downrange propagation errors by changing landing site 
location in a manner similar to the radius bit just discussed. That 
would work fine for Descent, but can result in a serious problem in 
Descent aborts . Speeifically, downrange error in the state vectors 
during powered flight act in a way equivalent to a platform alignment 
error in inertial space . Specifically, 10, 000 feet downrange error is  
equivalent to 0 . 1° IMU misalignment . Therefore , if  we were to leave 
the propagated downrange error in the state vector, all powered flight 
by the inertial guidance system would be carried out with 0 . 1° error 
and, in the event of a Descent abort, would cause the system to aim 
for the wrong insertion conditions by that amount . Of course, the AGS , 
which is  initialized from the PGNnS would also have this error . Although 
we don ' t  expect the downrange error to exceed about 5 , 000 feet, we have 
no assurance of this and conservatively feel that an alternate approach 
for compensating downrange error is preferable . The alternate approach 
we adopted is to change the time tag on the state vectors such that the 
downrange error at touchdown time is zero . Changing a state vector time 
tag is not a simple thing to do in the RTCC . It has not yet been 
"automated. "  As a result, it is necessary for the Data Select Officer 
to manually enter the entire state vector into the RTCC using his type
writer like input device . This is  a time consuming process because 
it must be very carefully checked. {It is recognized that the RTCC 
program for the lunar landing mission has been frozen, but it was 
suggested to the Data Select people that they consider automating this 
input since it is becoming part of the nominal operation. ) It is  to 
be emphasized that this time tag compensation is applied to both the LM 
and CSM state vectors in all three computers - RTCC, LGC, and CMC . We 
may eventually establish a lower bound in this downrange compensation 



4 
below which it  is considered acceptable to live with the error.  For 
example , if the downrange error is less  than 5 , 000 feet, we may choose 
to apply that small correction to the landing site longitude and leave 
the state vectors time tag alone s ince that is a much simpler thing to 
do . But that ' s  not the current technique . 

One significant open i tem I failed to mention in passing is  that 
there is  still a controversy raging on whether a s ingle-pass or two
pas s  MSFN orbit determination should be used for Descent targeting . 
That i s ,  the sextant tracking is done on rev 11 and the MSFN tracking 
on that rev is  certainly used . The question i s ,  should rev 10 MSFN 
tracking be incorporated in as well? The solution to thi s depends 
on - ironing out inconsistencies between two computer programs which 
are given conflicting results . The answer could come at any time . 
Once the one-rev vs . the two-rev decision is reached, of course, it 
will not only apply to orbit determination teehniques for Descent 
targeting but will also be incorporated in the MSFN propagation error 
determination techniques described above . 

It is  currently planned that these G mission operations will be 
carried out on the F mission exactly as  if that flight were a lunar 
landing . Thi s obviously means that to the maximum extent poss ible 
these techniques will also be used in the :F mis sion simulations . 
There is  some question, however, if c hanging the state vector time 
tag to compensate for propagated downrange error is  a reasonable thing 
to do on the F mission. Accordingly, this must be discussed with the 
F mission operations people before we naively assume they will do it .  

Much of  the preceding discuss ion deals with the landing s ite location 
to be used in the LGC during Descent . The landing site position (RLS) 
to be loaded in the command module computer should be the preflight 
map values of the prime landing site landmark and there is  no reason 
to go through thi s "mickey mouse "  of updating the CMC values from 
the MCC before the LM lands . 

The time tags on the state vectors transmitted to the spacecraft 
computers on G are es sentially the same as on the F mission .  The LM 
state vector sent to both the LGC and CMC ·will be time tagged at DOI 
-10 minutes . The CSM state vector sent to both spacecraft will be 
time tagged at PDI + 25 minutes ,  which should be close to the initia
tion of rendezvous navigation in the case of a late Descent abort . 

Except for the open items noted above, I thiruc this 
establishes how we plan to do the targeting for DOI 
the lu�or landing mi <,ion, at 1� mi.<<ion 

Howard W .  

PA :HWTindall, Jr . : j s  

pretty well 
and Descent on 
results come in.  
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69-PA-T-78A 

FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Some "improvements" in the Descent preparation procedures 
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As we wade deeper and deeper into Descent Mis sion Techniques ,  one 
thing coming into focus is that, of all IMU error sources,  the 
two that hurt the most are accelerometer bias and y-axis (pitch) 
misalignment at PDI . Having recognized this,  we are now proposing 
some specific procedures to minimize them. This memo is  to tell you 
all about it in some length, I 'm  afraid. 

There is no better test bed for determining accelerometer bias than a 
spacecraft in orbit. Any output from an accelerometer is bias and 
procedures have been well established for monitoring, selecting, and 
updating the accelerometer bias compensation terms in the LGC . On 
flights prior to G, the practice has been to establish a threshold 
below which the compenBation would be left alone and above which it 
would be updated from the MGC . Many of us now feel, and I am proposing 
that on the G mission, it should be standard procedure prior to DOI 
for the MGC to update acceleromet.er bias compensation terms in the 
LGC routinely, regardless of how good or bad the currently stored 
values are . The threshold is  zero. 

Pitch misalignment is a little bit tougher . May I first just state 
some facts to build on:/ 

a .  The current Mission Techniques provide only a coarse IMU drift 
check by comparison of the docked IMU alignment at DOI - 2t hours to 
the undecked AOT alignment performed at DOI - t hour . The docked align
ment uses the CSM IMU as its refdrence and has an estimated accuracy of 
0 . 5° in all axes ,  so drift rates as large as 0 . 5°/hr could go undectected , 
(Specifically, the accuracy of this drift estimate is + . 25°/hr . ) PDI 
occurs about 1t hours after the AOT alignment, which means it is possi
ble for pitch misalignments like 3/4° to build up. That' s sort of a 
worst case kind of number, and to quote such a value will drive statis
tically-minded people out of their gourds, but it helps me make a point. 

b. Tolerable pitch misalignment at PDI to support a successful 
landing is in the order of 1° assuming the landing radar comes in early 
enough to compensate for the dispersions that have built up. 

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



c .  Descent aborts become hazardous if the pitch misalignment at  
PDI exceeds about 0 . 35° . (This number is ·being more accurately deter
mined, but I ' ll bet it  comes out within 0 .05° of that guess . ) This is 
assuming the worst abort situation, namely aborting at an altitude of 
about 13, 000 feet because no landing radar data has been accepted . If 
we are willing to go beyond that point with no landing radar, the tol
erable misalignment is Bmaller than that .  The point is  that the IMU 
performance requirement to support descent abortB appears to be the 
more constraining than to support descent itself and I think we all feel 
that it is intolerable to continue descent beyond the point a safe abort 
could be executed with the degraded PGNCS . 

d .  Since the AGS haB to be aligned to the PGNCS prior to PDI , and 
pitch misalignment in the PGNCS has an equal effect on the AGS . They 
are not independent in this respect .  

e .  Given high bit  rate telemetry, 
are adequate to detect an unacceptable 
first two minutes of powered descent . 
and instructed to abort safely. 

ground monitoring techniques 
IMU minalignment within the 
Thu:3 , the crew could be informed 

f .  To abort a lunar landing miss ion, :if it could have been saved 
by improving procedures ,  is rather unacceptable . 

Based on all that,  we have two recommendations , either or both of 
which should help the situation considerably. 

The first i s  a proposal for a better docked PGNCS alignment suggested 
by Bob White of MIT, which should allow us not only to detect a drift
ing IMU, but to update its compensation such that we may proceed with 
a nominal mission. Detailed procedures development and performance 
analys is is under way at this  time . It will demand some modification 
in the crew timeline during the LM activation and checkout period as 
well as  the implementation of a new RTCC and/or ACR computer program 
and MCC procedures .  'I'he technique require:3 two spacecraft attitude 
maneuvers while in the docked configuration with the LM and CSM crew 
simultaneously keying out CDU angles before and after each of these 
attitude changes . All of this must be done after the LM IMU ha s been 
coarsely aligned as in the current flight plan. With this data , the 
flight controllers can compute the LM IMU orientation and torquing 
angles required . This technique is  expected to be as good as an AOT 
alignment . It does not require knowing the relative orientation of 
the two navigation bases nor reading the dock:i.ng ring index ! 

The other proposal involves making a drift check pr:Lor to PDI ; it 
requires no MCC participation. Considerable effort was given to 
including an IMU alignment in the timeline but many of us have 
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concluded the lighting conditions make it chancey at best .  The only 
place it fits in the timeline is  from PDI - 30 to PDI - 15 . This 
period is almost perfectly centered around local high noon. Either 
the sun or the moon is in the AOT field of view for almost thi s 
entire time ,  making use of stars almost impossible . Except the sun! 
The nice thing about the sun is that it is certainly visible . Also 
s ince the whole miss ion profile is keyed to lighting regardless  to 
landing site and month of the year, the sun will always be located 
in the same place with respect to the LM. MIT has been asked to write 
up a precise step by step procedure for doing this . Essentially it 
consists of the following : 

After entering the descent program (P63 ) ,  the crew would accept 
the option offered them to go into the alignment program (P52 ) . They 
would specify the sun as their first "star " .  The LGC has the solar 
ephermis and will control the spacecraft attitude to place the sun in 
the center of the AO'r . ( The rear detent position should probably be 
used to minimize attitude change unless  we do PDI with windows up . ) 
The crew would readout the CDU gimbal angles to which  the LGC is  posi
tioning the spacecraft; of  particular interest is  DSKY register No . 2 -
the y-axis .  The crew would then take over attitude control and cause 
the sun to cross the AOT retical line in the pitch direction at which 
time the actual spacecraft CDU angles would be keyed out on the DSKY. 
The difference between this actual pitch CDU angle and the previously 
noted predicted value is a direct indication of drift since the AOT 
alignment one hour earlier . The mi ssion rule would be : if indicated 
misalignment is les s  than 0 . 25°, the nominal mission should be con
tinued; if the indica ted misalignment exceeds that value , PDI must be 
delayed one rev, an AOT alignment would be performed two hours after 
the previous one and the MCC would determine and update the PGNCS drift 
compensation prior to LOS . 

The value of the first recommendation is that it provides a chance to 
detect and fix a problem without perturbing the nominal mis sion . The 
value of the second is  that it allows de tecting and fixing a problem 
before PDI is  attempted, although in the worse case it forces delay 
of PDI one rev, which I am sure we are going to find is  a highly 
undesirable thing to do .  

That in a million words -or-less  is  where we stand on  thi s matter today. 
We will continue our analysis and procedures development based on thi s .  
One unfortunate fact  is  that if we adopt these proposals , they will 
not have been tested on the F mis sion, but I think we would all be naive 
if we thought we are not going to learn things on F that force us to 
change the procedures anyway. 

PA : HWT:  j s  
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FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Some significant LUMINARY program changes you should know about 

I really blew it at the June 5 Apollo Spacecraft Software Conf'igura tion 
Control Board meeting . Although dozens of rather minor changes were 
approved, the one I was most concerned about wasn ' t  even discussed and I 
completely forgot it.  This memo is  to inform you that we are now des
perately trying to inelude a capability in  the LM computer program for a 
lunar landing flight j_n November which substantially improves descent 
abort targeting and procedures .  Currently the LM descent abort programs 
target the spacecraft to insertion conditions which is not entirely 
accurate . This is beeause the more sophisticated equations required to 
do the job right were too complicated to get in the program for the G 
mission and we settled for some approximations that onlY do a pretty 
good job .  Unfortunately, if we have a descent abort this makes it 
necessary to trim the insertion conditions based on ground targeting. 
This is the so-called "tweak" maneuver you ' ve heard so much about which 
either the LM or conn:nand module must execute shortly after LM insertion 
into orbit. It is a messy procedure and the program change proposed �ill 
eliminate its need . }i'Urthermore , for aborts late in powered descent 
(that is ,  after PDI + 10 minutes)  it is necessary for the LM to execute 
a phasing maneuver approximately one-half rev after insertion to set up 
the proper rendezvous conditions . This ,  too, is a messy ground targeted 
procedure which will be eliminated if this program change is implemented. 

Although I wanted to tell you about that, my main purpose in writing this 
memo was to inform you that in order to get this program change in we have 
to sacrifice some other things and I thought you should have an opportunity 
to complain if you wanted to , First of all, storage has again become a 
problem and so we propose that, if necessary, MIT should delete the t"lvO 
Stable Orbit Rendezvous targeting program ( P38 and P39 ) from the LM 
program. We have never discovered an operational use for these programs 
but maybe this deletion may bug somebody. ( Incidentally, in order to 
provide more room for the dozen or so other changes already approved, the 
externally targeted Lambert pre-thrust program [P31]  has already been 
deleted . )  The other c:apabili ty which may have to be dropped is the rendezvous 
radar automatic acquiE;i tion provided by the PGNCS during the Descent Abort 
programs (P70 and P71) . Disabling this capability (R29 ) ,  may be required 
to avoid a computer cycle problem, That is , obviously the computer can 
only do so much in a given period of time and it is MIT ' s  option that 
adding the proposed sophistication in the guidance may cause us to exceed 
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that limitation. Thi:3 in turn forces  us to give up another task and we 
have chosen the so-called Rendezvous Radar Designate Routine . 

This final paragraph is  on another subject, but I thought I would point 
out that one of the wJre significant capabilities added last Thursday 
was the capability for the crew to readout raw rendezvous radar range and 
range rate data on the DSKY during the operation of the Rendezvous Naviga
tion program (P20 ) . 'rhis capability had been requested several times 
previously but never made it in to the program due to scheduling problems . 
It is  a real nice thing to have . 

I I  . � � �� � L  
Howard w. Tindall, Jr . r-

PA :HWT : j s  
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Memorandum 
See list attached 

PA/Chief, Apollo Data Priority Coordination 

NASA Manned Spacecraft Center 

DATE : February 20 , 1969 

69-PA-T-28A 

SUBJECT: Descent Abort Mission Techniques 

On February 13 we went over our Descent Abort Mission Techniques 
with the world . In general they were accepted as i s .  That isn ' t  
to say we didn ' t  have some lengthy discussions resulting in some 
improvements and/or changes but we didn ' t  make any substantial changes 
to the basic ground rules,  philosophy, or overall procedures .  I would 
like to list here some of the things we decided as well as some open 
items requiring work . 

1 .  Although we didn ' t spend any appreciable time discussing this ,  
i t  probably would be worthwhile to look into fixing the spacecraft 
computer program (LUMINARY) such that we could use the DPS and APS 
Descent Abort Programs (PTO and P71) before PDI (TIG) . In other words ,  
prior to PDI the crew and/or MCC-H ma y  decide PDI is  "no go . "  Since 
the descent abort programs have the capability of targeting and guid
ing an ideal maneuver to set up the standard rendezvous sequence it 
may be quite an advantage if we are able to call upon those programs 
without actually having attempted PDI as  the program is currently 
constrained. 

2. It was agreed that if the steerable S-band antenna lock-on is 
lost during a descent abort, the crew will not attempt to reacquire with 
that antenna but rather will switch to the omnis as soon as it is con
venient for them to do so . Of course, this will only supply the ground 
with low-bit rate data but reacquisition with the steerable is considered 
to be almost impossible , particularly in an emergency situation like thi s .  
(Landing Analysis Branch was given the action item of determining i f  the 
initial descent abort attitude maneuver for any period in a nominal descent 
would cause the S-band steerable to loose lock . )  

3 · It was concluded that there is a significant advantage to having 
the AGS Mode Control switch nominally set to Attitude Hold during descent 
in order to permit the crew to complete a landing using the AGS if they 
have a PGNCS problem late in descent and consider it safer to land than 
to abort. Of course, this means that an extra switch setting must be made 
if it is  necessary to abort on the AGS . Specifically the AGS abort sequence 
would be : 

a .  Set Guidance Control to AGS 

b .  Make a �1nual maneuver to approximately the abort attitude 
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c .  Set Mode Control :AGS to Auto (This i s  the "extra" ) 
d .  Push Abort o r  Abort Stage 

4 .  We had a lengthy discussion about whether o r  not the DPS should be 
run to propellant depletion. The Propulsion people (who are never in 
attendance in any meeting dealing with how their sys tems are going to be 
used ) have stated that running the DPS to propellant depletion should not 
be done unless  crew safety is involved. There are obviously times in the 
descent aborts at which crew safety is decreased if we turn off the DPS 
any sooner than we have to.  Accordingly, in order to avoid some sort of 
compli cated logic to @lide the crew in determining when they can or cannot 
run to propellant depletton, we all agreed that the DPS will ordinarily 
be run to propellant depletion if the guidance system does not shut it off 
first . The crew took proper note that there is some hazard incurred in 
doing that and plan to manually shutdown the DPS when the propellant gauge 
reads 1 or 2 percent remaining provided they are clearly in the region that 
shutting down the DPS i :; not going to increase the probability of hitting 
the moon AND it is clear an APS burn will be required to achieve orbit . 
Implicit, of course , i:; that they are not so busy in treating the cause 
of the abort that they fail to monitor and take this action. 

5 .  In the event it i s  necessary to use the APS to achieve orbit, 
it was concluded that the crew will not attempt to provide ullage prior to 
pushing the Abort Stage Button. Although this is  not accepted practice for 
an in-orbit maneuver,  .ve could see no reason why it should not be perfectly 
safe to do this follow:Lng a DPS burn of an;y· magnitude with completely full 
APS propellant tanks . 

6. By far our longest discussion dealt with how to handle the s i tuation 
at insertion following an abort during the first 300 seconds of powered 
descent . Specifically , v1e are faced with the problem of how to jettison 
the DPS conveniently ai1d safely and at the same time trim the /j.v residuals 
in order to get on the des ired rendezvous trajectory. The results of thi s 
discussion were so meager that I will not report them here . Particularly 
since subsequent to the meeting several new proposals have been made that 
appear better than anything we considered . What I ' m  saying is  that our 
cli scussion .vas fruitful to the extent that it got a lot of people thinking 
about this problem but we probably need to get together again to discuss all 
the resultant ideas and choose our course . I .vill set up a get together just 
for that purpose . 

���. Howard W.  Tindall, Jr . 

PA : HWTindall, Jr . : j s  
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Aborts to the lunar surface from powered descent 

DATE : MAY 1 4 1 9 68 
68-PA-T-lOlA 

1 .  We spent the entire May 8 Ascent Data Priority meeting discus sj.ng 
mission technique:3 associated with aborts from powered descent on a 
lunar landing misBion. This discussion led to some pretty simple 
procedures which are outlined in this memo . They are based on some 
assumptions which I ' ve also listed below . If you feel that they are 
in error, please let us know. 

2 .  The basic  assumptions we made are : 

cPjl..M-uk"f a .  From a DR3 engine performance and dependability standpoint, it 
is  preferable to operate the DR3 at full thrust throughout the abort 
ascent trajectory rather than at some lower level .  ( Is thi s okay after 
operating for awhile at reduced thrlj.st? Also, we must make sure there 
are no bad guidanee system transien�gblems at staging . )  

11(�/cvt 
b .  The low level sensor light comes on when there is 1200 pounds of 

propellent remaining, which i s  equivalent to about 120 seconds burn time 
at 25"/o thrust, and 30 seconds burn time at maximum thrust. 

c .  It is operationally acceptable to run the DPS to fuel depletion . 
That is, there is no :reason for the crew to prematurely shut down the 
DPS engine if there is an advantage to be gained by running it to fuel 
depletion . ( I ' ll bet I hear something about this ! )  

d .  Use of the "Abort Stage" automatic sequence is as safe or safer 
than manually proceeding through it one step at a time .  (Someone 1 s  not 
going to like this either . )  

e .  The crew can make a go/no go decision one minute after the DPS 
low level sensor light comes on, at which time they should be prepared 
to either commit to landing or to abort immediately. (At least 1ve are 
recommending this if it is at all possible . Of course, they may abort 
after that, but it ' s getting hairy. ) 

f .  There is a very great advantage to be gained by keeping the 
variety of abort modes  to a m1n1mum - that is ,  always do the same thing 
as  often as pos s:i"ble . The point i s ,  there may be some special cases in 
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•1hich some benefit could be gained by doing things a little differently . 
But, we always felt the advantage of standarized procedures outweighted 
them in those cases we recognized and discussed . 

3 .  The abort procedure is really very simple, at least if the above 
assumptions holdup . So simple, in fact, that I ' m  sure you ' ll wonder 
how we spent the day ! Basically, whenever an abort situation ari ses  
at  any time during descent, the crew will hit  the "Abort" button 
which will automatically put the PGNCS (or AGS ) into the DRS abort 
program (PTO ) and the DRS should be run to fuel depletion or to a 
guided cutoff at orbital conditions, whichever occurs first .  If fuel 
depletion occurs , the crew should then "Abort Stage , "  which will 
automatically cause separation of the DRS and will put the PGNCS (or 
AGS ) in the ARS abort program (PTl ) ,  leading to a guided insertion 
into orbit.  We propose never initiating an abort with "Abort Stage" 
as long as the DPS is still operating okay. 

4 .  There is one special case requiring attention which occurs with an 
abort approximately five minutes into power descent . It is at about 
that time when the DPS is able to return the spacecraft all the 1vay 
to nominal orbit . If the DRS does make it all the way to orbit, all 
is well and good . If, however, fuel depletion results in DPS shut 
down just shy of that, something must be done of course . The procedure 
we propose if the velocity required to get into orbit is  les s  than 10 
fps ,  is for the crew to remain in PTO, not to stage the DRS, and to use 
four jet RCS to achieve orbit . This requires approximately a 15 second 
burn . (This value was selected in deference to the problems brought 
about by a spacecraft whose thrusters shoot at itself . ) If the velocity 
required to achieve orbit is in exces s  of 10 fps ,  which would require 
an APS burn of one second duration or greater, the procedure is as 
before - "Abort Stage" and use the APS . 

5 . One item requiring some research is to 
computer program (PTl ) will provide proper 
" small" maneuver following DPS shut down. 
fps i s  within the ARS minimum impulse mode 

make sure that the spacecraft 
guidance to the APS for a 
Another is to confirm that 10 
capability. 

6 .  Consideration was given to establishing a special procedure in this 
region where the RCS would be used to insert the staged spacecraft . 
However, there was no advantage apparent to avoiding use of the APS 
unless there is some sort of freezing problem for short burns . In 
addition to keeping the procedure simple and standard , this technique 
should reduce the demand on RCS propellent and thruster lifetime . As 
a matter of interes t ,  the magnitude of the remaining APS :>nd/ or RCS 
maneuvers in the co:=lliptic rendezvous sequence for an ab )rt at that 
time are approximately as follows : CSI 35 fps ,  CDR 100 f·Js,  and TPI 
30 fps .  
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7 .  The only other s ituation I ' d  like to discuss deals with aborts late 
in the descent phase after the DPS low level sensor light has come on. 
There is a real advantage to be gained if the crew spends no more than 
about 60 seconds in  that state before aborting since after that t ime the 
DPS will have les s  than 15 seconds of burn time remaining at full thrust .  
This duration would assure getting through "vertical rise" and pitchover 
before DPS fuel depletion. After that, it ' s  cutting things pretty close . 
However, even then, it stills seems best to always attempt "Abort" on 
the DPS in order to get as much out of that engine as possible - if it ' s  
only a cough. The full thrust DPS acceleration is  over twice that of 
the APS and if it ' s  ever needed it ' s  there ! The only disadvantage occurs 
with a more-or-less  simultaneous "Abort" and DPS fuel depletion causing 
a delay in "Abort Stage" with no engine on . If the crew has been 
watching the fuel gauge, etc . ,  he should never let thi s situation 
arise and special procedures should not be required to handle it . 

8 .  Finally, I ' d  like to outline the alternate techniques we establ:i. shed 
if fuel depletion DPS is not acceptable. As before , we always recommend 
"Abort" rather than "Abort Stage . "  The modified procedures are based 
on provid ing the equivalent of at least five seconds of DPS burn time 
at maximum thrust as a pad against fuel depletion . This is equivalent 
to shutting down the engine with about 120 fps DPS remaining . There 
are two classes of abort which must be considered : 

a .  The first is if the abort situation is detected before the low 
level sensor light has come on. In this case after "Abortingtt into P70, 
it i s  necessary to monitor the inertial velocity in the DSKY (or the DEDA ) 
at the time the light comes on. If the inertial velocity is less  than 
5 , 000 fps ,  the astronaut should "Abort Stage" 25 seconds after the light 
comes on and proceed into orbit on the APS . If the inertial velocity is  
greater than 5 , 000 fps ,  it is  pos sible to proceed into orbit on the DPS 
without fuel depletion occurring. (Note : it  is  only necessary to monitor 
the " thousands"  di.gi t to make thi s dec ision . ) 

b .  If the abort situation arises after the low level sensor light 
has came on, the crew should "Abort Stage immediately after the pitch
over maneuver following vertical rise . Thi s would occur about 10 seconds 
after the "Abort, " if the abort is from hover . 

9 .  In summary, if the DPS i s  still working, 
initiate the abort and after getting as much 
"Abort .Stage" if necessary to achieve orbit . 
advantages :  

always use the DPS to 
as pos sible from the DPS , 

This provides the following 

a .  Avoids shutting down and changing engines at a time critical 
point and insures a positive altitude rate before staging . 



b .  Obtains the maximum delta V available from the DPS , 

c .  Produces the greatest possible acceleration at the abort time to 
get the heck out of there . 

d .  Makes the procedure standard for all cases - and simple ! 

Enclosure 
List of Attendees  
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(See list attached ) 

PA : HWTindall, Jr . : j s  
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Memorandum 
s�e list attached DATE : JUL 2 1 9 68 

68-PA-T-148A 
FROM PA/Ch�ef, Apollo Data Priority Coordination 

SUBJECT: Throttle up time is fixed during the powered descent maneuver 

1 .  We learned something interesting during our Descent Miss ion 
Techniques meeting June 28 from the MIT people there . It dealt with 
the way the DPS gimbal trim phase of the powered descent maneuver i s  
programmed . 

2 .  It  is  extremely important that the engine be  at  full throttle at 
the right place in the trajectory. (The figure given is  that for each 
second of time delay :ln throttling up to the FTP, we lose 12 seconds 
of hover time . ) Therefore, MIT has programmed the computer so that 
throttling up does  not occur after a fixed duration DPS gimbal trim 
time, but rather at tbe "right time" regardless of how much trim gimcs.l 
there has been . For example , if the engine failed to start when it 
Has suppose to and the crew chooses to recycle to TIG minus five seconds 
there can be as much as 13 seconds delay in engine ignition and the trim 
time Hould be reduced by that amount . This procedure is an argument for 
maintaining a 10% trin gimbal time of 26 seconds,  making UE somewhat 
tolerant of tbis sort of an event . We hadn ' t  thought abou' this situa
tion very much yet, but I think the consensus is that if the DPS fails 
to ignite under PGNCS control initially and again fails on a recycle , 
we should abort without attempting manual ignition since something 
serious i s  probably wrong . 

3 . This  really looks like a good way to program it, but is different 
than documented in the GSOP. Accordingly, MIT will submit a PCN to 
correct the documentation. 

PA : RWTindall, Jr . : j s  
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68-PA-T-155A 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: LM Descent abortability computation is proposed 

i 

Ed Copps of MIT attended one of our mission techniques meeting recently 
during which we discussed the use of the LM Descent Propuls ion System 
low level sensor light . This i s  the light, you recall, which comes 
on when approximately 30 seconds worth of propellant i s  still available 
at full thrust or two minutes at 25% thrust .  Recognizing that the 
astronaut has a complicated job to perform during the terminal part 
of descent, Ed Copps is  propos ing a rather s imple new program to be 
added to the LM computer to relieve the situation. Rather than the 
astronaut trying to keep track of his status based on altitude , 
altitude rate, time since the low level sensor light came on, and 
the throttle profile he has executed s ince that time, this new 
program would predict for him the time at which he would no longer 
be able to abort. This would be in the form of a five second warning, 
during which he must either commit to landing or must get out of 
there , The PGNCS would be telling him that if he fails to abort 
before that time, it  is  probable that an abort would not be success
ful . 

This sounds like a good thing to me - perhaps allowing us to get 
more out of the systems more than we would otherwise be able to do . 
If enough interest can be generated in it, i t  will probably be added 
to the Luminary Hopper. n , \ 

ij � ¥ 
Howard W. Tindall, Jr . 

PA : HWTindall, Jr . : j s  
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See list attached 

FA/Chief, Apollo Data Priority Coordination 

Powered descent throttle logic correction 

DATE: JUl 1 7 1968 
68-PA-T-156A 

On July 2 I sent you a. note regarding the way the DPS is  throttled 
up after the gimbal t:rim phase during the powered descent maneuver .  
There were a couple o:f errors in  that memo which are too significant 
to be left uncorrected. 

I pointed out that MI'r has programmed the LM computer so that the 
throttle up time was a fixed number of seconds after the targeted 
time of ignition ( TIG) . To illustrate hovl important it is  that the 
engine be throttled up to the FTP at that time,  I pointed out that 
for each second delay in throttling we lose 12 seconds of "hover 
t ime . "  This was my first error since it is  not hover time that is 
lost  but rather "throttle recovery time , "  Throttle recovery time 
is that period which has been allotted in the powered descent maneuver 
for the guidance system to regulate the thrust such that  it can achieve 
the hi-gate targeting conditions . Failure to provide a sufficient 
period of throttling will jeopardize meeting those conditions and can 
result in a fouled up descent , 

I went on to say that if the engine failed to start when it was supposed 
to, the crew could reeycle to TIG minus five seconds and the PGNCS would 
countdown to ignition again with a delay of about 13 seconds from TIG 
(all true ) and that the trim time would be reduced by that amount s ince 
the throttle up time was maintained as originally set. George Cherry 
informs me that this  is not true since in the event of a recycle to 
TIG minus f ive secondE the throttle up time iE redesignated, Accordingly, 
the recycle capability is really not an acceptable thing to use on the 
po·Hered descent maneuver. I do not believe that the program has been 
des igned improperly. It is juEt that the capability,  as I described it,  
does not really exist.  

MIT is submitting a PCN 
coded s ince it iE 

PA : HWTindall, Jr . : j s  
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JUL 1 8 t96S 
DATE: 

68-PA-T-16oA 
FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT: The LM can handle big Descent plane changes but requires 
protection against AB3 abort fuel depletion 

We have recently verified that the LM has a substantial capability 
to translate out of its initial orbital plane during powered Dessent 
at very little cost.  That is,  whe�eas previously a limit of 0 . 3  had 
been quoted, it now a:ppears that 1 or more is  probably pos sible with
out effecting the performance of the guidance equations , the la:::td.ing 
radar, the visibility of the crew during landing, nor are the �V 
costs excessive, This capability gives us more than adequate assurance 
that it will not be necessary to perform a plane change trim burn on 
DOI day. And that ' s  darn important! 

In order to take advantage of this capability, however, it appears ·ci1a·c 
something may have to be done to limit the yaw steering the LYi '.vould .co 
in the event of an APS abort during powered Descent . As currently pro
grammed, the PGNCS would attempt to guide the LM all the way back into 
the CSM plane . If the abort were to occur at "hover" or after touch
down, the APS �V cost could be excessive ( i . e . ,  1° costs approximately 
80 fps and could result in fuel depletion prior to obtain�ng a safe 
orbit ) .  Obviously the thing we must do is to achieve the targeted in
plane conditions in the case of an abort. We can take care of the 
plane change after the LM is in orbit, perhaps using the CSM. Therefore, 
it seems necessary to make a ( hopefully) rather small change to the APS 
abort program (P71) which would limit the extent of the out-of-plane 
steering . MPAD and MIT people are both in the process of studying this 
and we plan to recommend specific action very soon. Something s imilar 
will be needed in the AGS too, I "Jr· :_,_L �d W. Tindall, Jr . � 
PA :HWTindall, Jr . : j s  
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SUBJECT: Minutes of technical interchange meeting - 1M powered desc ent analysis 

!1010-108 

1 .  A technical interchange meeting was held on August 20 , 1968 , at MSC to 
discus s results of studies of the 1M powered desc ent guidance by MIT/IL 
and MSC organizations . The agenda for this meeting is given in enclosure l .  
The purpose of thi s  meeting was t o  as s e s s  the adequacy of the present im
plementat ion of the 1M powered de s cent guidance together with the navigation 
routines utilized during the descent and to point out any areas requiring 
possible changes if the present system vrere not deemed adequate .  The s e  
minute s  will describe the highlights o f  the meeting and no att empt will be 
made to di scu s s  in detail the slides which were presented. The slide s ,  
however , will b e  enclosures to thi s memorandum . 

2 .  Mr .  B. A .  Kriegsman pres ented the re sults of the MIT/I L  studies . The 
results using the present desc ent guidance implementation resulted in no 
velocity update duTing the braking phas e  for a nominal run with landing 
radar drop out which was as sumed. The cases run with the vehicle high and 
the slope declining had no landing radar updates during the braking phas e .  
The se te st cases rejected landing radar updates even though no reason
ab ility test was included ; that i s ,  the vehicle did not attain the desired 
veloc ity and/or altitude which would allow update s  of the state vector with 
landing radar data.. Mr .  Kriegsman referenced Mi s sion Simulation Memos 20,  
32 , 34 , and 35 t o  be used as background informat ion ( enclosures 2 through 5 ) .  
The slides used dtLring the pre sentation given by Mr .  Kriegsman are presented 
as enclosure 6 to thi s memorandum. MIT/IL suggests the descent be redesigned 
so that the weight ing factor used by the landing radar routine be implemented 
as a function of time-to-go or range -to-go . Als o ,  to further reduce the 
sens itivities immediately preceding the targets at hi-gate , when the landing 
radar sees a LIH between the LGC computed altitude and the landing radar alt i
tude , both the present altitude and the target altitude should be updated. 
The results of runs us ing thi s  method and a summary of the recommendations 
are also included in the slides that MIT/IL presented. 

3 .  The next pres entation was made by Me ssrs . W.  M. Bolt and R .  J .  Labrecque 
of the Lunar Land:Lng Branch of the Mi s s ion Planning and Analysis Division 
(MPAD) , who discussed the results of the studies made by the MPAD . The 
results of thes e  cases agreed with the re sult s of the MIT/IL studie s  and are 
pre s ented in this memorandum as enclosure 7. Mr .  J. H. Alphin of the Lunar 
Landing Branch of MPAD presented a one-phase desc ent guidanc e technique 
which relieved to a sub s tantial extent the sensitivities incurred with the 
presen: system prior to hi -gate . This method involves targeting only to a 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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lo-gate target in such a manner as to throttle down :prior to the so-called 
hi-gate and still , during the later :portions of the descent ( approach :phase ) ,  
satisfy the constraints that have been specified :previously. For further 
information on this one-phase descent technique , refer to MSC Internal Note 
68-FM-177 , "A One Phase  Targeting Concept for the IM Pm1ered Descent , "  
dated July 22 ,  1968. 

4 .  Dr . K .  J .  Cox of the Cruidanc e and Control Division (G&CD) stated that 
results of studies made by that division agreed with MPAD and MIT/IL. The 
slides presented by G&CD are :presented as enclosure 8 .  

5 .  Mr .  N .  E .  Sears , when asked about the accelerometer bias , said that the 
number of 0. 2 cm/sec2 or 0 . 006 ft/sec2 is being used. It was agreed by those 
in attendance ( see enclosure 10 ) that these are the best available numbers , 
but that in-flight calibration would reduce this by about one-half. 

6 .  Mr .  E .  R .  Schies ser of the Mathematical Physic s Branch of MPAD :presented 
the covariance matrix for the best estimate of MSFN accuracies derived from 
inputs of various error sources . These slides are presented as enclosure 9 .  

7 .  The following action items were assigned at the meeting . 

a .  The Flight Crew Support Division , G&CD, and MPAD are to review the 
c onstraints used for the powered descent . 

b .  G&CD i s  to verify the landing radar error models that were used . 

c .  MPAD and G&CD are to further investigate the one-phase guidance 
technique . 

d .  MIT/IL is to as sess  their suggested method for other landing sites , 
covariance matrices , etc . 

8 .  The meeting was closed after the following general discus sions . 
Mr .  Sears stated that MI�'/IL would be :performing some man-in-the-loop studies 
on the hybrid computer , but probably would not be able to do so for another 
month or so.  The attendees then agreed that if PCR ' s  were submitted during 
the following few weeks , then all organizations should concentrate on the 
verification of the cyctcm which ro eult'J:� the 7ttal

-

of th.,e PCR ' e . 

lF'Ili.VrPni!C 
Enclosures 10 { 
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Review· of LM Des cent Analyses 

Room 378, Building 4 August 20, 1968 - 9 :00 a . m .  

I .  

II.  

Tentative Agenda 

Comments/Status of Check Runs -
MIT, GCD/TRW , MPAD 

Operational constraints/criteria - MIT , MSC 

III. MIT Study Results/Recommendations 

IV. MSC Study Results 

A. MPAD 

B .  GCD/TRW 

LUNCH 

V .  Input Requirements for Future Studies 

A .  Orbit Navigation Accuracy - MPAD 

B .  Accelerometer Bias - MIT 

C .  Landing Radar Performance - GCD/IESD 
(b ias/nois e ,  dropout boundaries ) 

VI . Future Studies - MIT, MSC 

VII. Potential Program Changes - MIT, MSC 

Time 

9 :00 - 9 :15 a . m .  

9 : 15 - 9 : 45 a . m .  

9 : 45 - 10 : 45 a . m .  

10 :45 - 11 : 30 a . m .  

11 :30 - 12 :15 p . m .  

1 :00 - 1 : 45 p .m. 

1 : 45 2 :00 p .m. 

2 : 00 - 2 :45 p .m. 

2 :45 - 3 :00 p .m. 

3 : 00 - 3 : 30 p .m. 

Enclosure I 
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Enc losure 2 

M i s s ion S imulation M e m o  II 2 0  

T O :  
I •  H O M :  
l ) l\TE : 

D i s l  r· ibution 

1 � .  A. K r icgsman a 1 td D. E. Gu s t afs on 

.J u n e  1 4 ,  UJ G S  
S IJ l l .J E C T :  Sitnu btion of Pow c r·ed Landing Mane u ve r  w ith C mT ent 

T caj e c t o ry - Ta q; c t i n g  P a ram et e rs , I) L'S M o d e l ,  Tt� lTain 

IVl u d c  l, and LR D ropout B o u nd a r- ie s . 

S U i\ I i\ U\ H Y :  

A t  a , ·e c ent t e c hnical m e e t i ng at MSC, in l'o nn at io n w as p ro v id ed 

o n  L h e  b l e s t  l.cnding .. t raj c cto cy l :.l rgcting pa t·;un c l e t·s and p c do t· m anc e 
c h a ract e ri s t ic s .  Data w e r e a l :; o p rov id ed on the p e rformance o r  the D l'S, 
the al t it ud e v a r iation p rofile for the w o rst s i.te uml<! t· conside rat ion, and 

the r e l at io n  of LH d ropout bound a r i c :; to the vchic le 1 s a ltitud e and veloc ity . 
T h is new info rmation h as b f'en i nr: o rp o rated int o the landing -- m a neuve r 

s i tn 1 1lat.ion anJ a s e ries o f  t e s t  r u mJ have b e e n  made to study the guidanr: e 

anrJ na v i1;atir J tl s y s t e m  1 s p c do rnnnc e for a variety of conditions . 

( l . ) 

( :J. • ) 

( : l .  ) 

T h e  i1n p o rt <:tnt results from tlte test nuw w ere the follow i ng : 

\V itlt I .IH� [H·e c; e n t  I ,H a n t e n na conf i.gural:ion and d t·opout � lmundary 

l l l • J • I d s , no v l: l o c ity l l [ l < l : t 1 i n g s  c an b e  o i J t a i n <; d  u n t il a l"l c t· t l 1 e  

s l.a l ' l. o f  ll l c  v i : ; i i J j l ity p h a :'; l �  o n  the; no m i n a l. t t·aj e ctory . 

( J , , , J . , r· ! I t t �  ; � ;-; ; ; u m ptiott  l l u l  Ll l lc n : a r  1 , 1 \  v <' lod.ty b t' a t n s  m u s t  be 
1. t " < t c k i n r� it1 o t ·•k r ·  l:o o l ,t : t i tt 1 , 1 {  a l liiu d c  i n l" o t ' l l t atio n ,  a lt. i tu d t: i n ·

fo t " ll l : J t i o t t  .i.s ] , ,,;1: abo u t  :1 0 :; c c onds b c [o t·,; l:hr; r ; n d  of t l t r: vis i b i l ity 

p h a : ; c  o n  L i te  n o m i nal 1 .raj '-� C l<H'Y . 

l •' t ·om t lw v ic '.v p n i n l. , , f  n l i n i t t l i�-. i < 1 g  t h e  p o s s i b i l ity of I ,H d ,_ ·op o u t ,  

il. ; l p p < :· : u·:-; 1. 1 \ : , t  Lhc  f , H  :1n t< : n n a  is sw itclwd too e a r ly f t·"m l'os i.t ic111 
l 1. < 1  l 'u : ; it ion 2 .  
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( 'l .  ) 

( 8 .  ) 

( 0 .  ) 

( 1 () . ) 

A nom inal · -traj eetory t hrottle - dow n time o[ 1 2 0  : ;cconds be[ ore 

l l igh Gale appean; d esi rable w i lh the new D l'S data.  

T c ro t  runs s how e d  that w o rs t -- c a s e  initial - c onuition e r rors along, 

rn' r l  8 : ;igrn a  thru�;t - ac c dcration variatio ns alone d id not adve r:; e ly 

r ; f" i  ': ' . t. r , 'i( ; f'n. J. l  ;;u id:J.rlCf.! - e. nd -navigation syatern pe cfo r tnance.  

; .. i u , , _ , , r , r J !.1.i<J' !S ._,,. ,; r <; a c c; •J ra.tely n1et and t e i' m inal c ons t raints on 

U t <.: t 1 · ;,.j u:tory w e re s atisfied, 

W i.th the p re s ent r"R ali.it u d e  w e ighting f u nction, the state esti 

m a t e� rtp p c a rs to follow th e local t e rrain too rapidly during th e  

ln·aking phas e . New w eighting functions s ho u ld b e  found, 

The s el e c t e d  t e rrain has s ignific ant altitude variations in the 

region b elow the vehic le during the l<ltt c r  part of th e brak ing plw s e .  

The s e  v a riations acting o n  th e guidanc e system ( th rough nav igat io n 

s,y:fd cm upd o.t i.ng s ) co.used s evere vehicle attitu d e maneuv ers 

du r.i ng th is p e riod . It t lw ref ore appeo.rs that the pres <�nt guidan c e  
law s h o tl l d  be mo.dc l e s s  s ens itive to updo.tings a s  t im e - to - go is 

d e c reas ed, 

T e s t  t' l l l ts w ith the s elect ed te rrain m o d el alone , i,  c. no othe r  

navi;;ation sys tem e rrors o r  D PS thrust va t'h1.tiims , le d  to s ign i 

ficant I l igh - Go.te altitude and ve rticrtl velo c ity e rrors . I n  the 

o. b s c n c c  of an acld.itional te rrain s lope t h e r e  w e re m o d c t·a t c  dcvh 

t ions from th e vis ibility - pho.s e te rminal com; t  caints , but the 4 -
s e c on d  d c ci.d m ::m ' s  cu rve w as not v iolated u ntil the range -to - go 

w a s  below 2 0 0  feet.  

Ov<�r the last 1 0 - l 5  miles of the app ro a c h  t raj e c t o ry the s e lected 

s ite t<;rrain p rofile b ;J.d an average s lop e of about L O O  ft/ n .  mi 

( le tTain h igh ) ,  W h e n  a t e rrain s lope of + 1 degree ( tc rl'<<in high ) 
w :1 s  : ; u p <' t'posed on th e s i.tc p ro f i l e ,  t h e  g u i d a n c e - :_, , ld - ncwi.gation 

: ;y:;t . , m  < �ould not p e r-fo rm p 1·upc rly, ! ! ig l l  · C a t <� alt . itud <' <' t' L'O L'S 
w < : t ' < ;  o v <' t' 2 5 0 0  feet , vis ibi l ity p l w s e  l enj c'c t o ry c o n ,.;trai.nt s w c t·e 
:;ro:; s ly v i.o l::tted , and the d ead m an ' s  cu L ' V '' w a s  c � c c <�c lcd at a 

:i7 0  root range -to --go f rom tlw ro ito.  

!\. c; r; l c d c d  cotnb inati.on o f  V/ o 1'i;t -c:1s c .i 1 1  i l. i  : t l  <) !TO L'S , :) - -s  i < ;·ma 
l i\lf [ f  C L' I'O Co ,  :J.nd a 1 - cl c g n� C  s J. o p r) SU [l<' t 'pO:o C d  on th e s i lt' Cc t ' l 'ain 

[ J l ' ( ) L' i lr:  c c u u ; ,: d  f ,H a lli.t u d < '  u pr Lt li n ; �}; to be i t t l ! ib ited th t '<Jtu;hout 

l:lw t l l ajor  pa l'l of the b r:tk i n g  phas e .  The res u lt a nt ITaj t' c t o t·y 

c :t l t :; < • r l  tlw v<�h i c l c  to l lit  the moon, LH a ll: itu d <' d :� l:a W <' l',; l t > : ; l  in 
l h i: ;  , , , , ; , ; about  GO :; c e onr l f> I J <'fo n� l h c  end o l'  !.h e  v i f; .i. I J i l ity p h : t :w ,  
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!\. tc r:hnical inte rchange meeting was h e ld at MSC on April 1 0 ,  
J !) r; n  L o  dis c u s :; the simulation of the L M  landing - maneuve r guidanc e - and 

navigation sys t e m .  The purpos e of t h e  s imulation w as to study the 

syf;tc rn ' s  pe rfo rmance for various land ing s ites p res ently under eonside 1· ·· 

ation. The d r�tails of this meeting are described in H ef. 1 .  

At tlw above -mentioned meeting it w as de cided that the M .  I .  T .  

land in g -- maneuver s imulations b e  updated t o  reflect the best currently 

available information on the landing traj ectory, the des cent propuls ion 

system ( D.PS ) ,  the radar dropout boundaries , and th e lunar terrain 

variations in the vicinity of selected s ites . A s e rie s of preliminary test 

run:; w e re ch os en ( H ef .  1 )  to check out the s imulation and fo r compari

son w ith other s imilar simulations at MSC.  This m emo is p rimarily 

conc e rned w ith the p res entation of data for the s e  s e lected runs and the 

di.:3 c u s s ion of the results from the s e ries of runs . 

N EW ITEMS IN LANDING SIMULATION 

The s imulation used in the study of this memo is bas ically as 

described in the LUMINARY GSOP ( R ef. 2 ) . The bas ic changes from 

prec eding oimulatioris ( R efs . 3 and 4 )  are the follow ing :  

( 1 .  ) 

( 2 .  ) 

( :� . ) 

The landing maneuver aim condit ions are a s  given in R ef.  5 . 

Thes e are bas e d  on a 6 0  -mile  CM o rbit altitude and a Low -Gate 

alti.turl e of about 7 5  feet. 

D PS t h rust variations at the high throttle s etting are as d e s c ribed 

in H d. 1 .  This implies :3 --s i.gma initi:l.� d c v.i.at:lons of +0. 9 a nd 
- 2 .  ;) percent of 1 0 ,  5 0 0  pound:> , .in contra st lo the + :� . 0 p e rc ent 

v a l t t < � }; p t·e:vi.ot.n; ly u s e d .  

T h e  :J. V L:J:age buildup rate o[ I:IH'l.tfit a s  a funct i.on o f  b u t·n.i.ng ti m e  
at  t 1 1 e  hi.gh throttle r w ttl.e i :> nom inaJly about . G l.bs/ s <�e ( H l't'. I ) . 
In c:arlicr :c; {mul.ation::; a noJn:i.nnl  b t t .l ldup r a t <; of about 1 .  1 lbs/ s <: c  
w as us ed.  



: 1 . The :;pcr:ific impuls e  ( I
SP

) at the maxim u m throttle pos ition 
( !J 2 .  !i - p r� rc <�nt of 1 0 , 500 pounds nom inally } is as s ume d to be 

( 5 .  ) 

( 6 .  ) 

� ( 7 . ) 

< a .  ) 

:> rJ 2 :; c c onds . I n  earlier s im u lations a v alue of 3 0 6  s e conds w as 
us ed fur th e nom inal engine I

S P  
at this :'l etting . The I

S P  
model 

ass urned fo r the continuously ··throttle able region of the DPS is 
as given i.n H ef. 1. The IS P  

values for a givlm th rust level h e re 
a rc a bout 3 - 4 s e conds low e r  than i n  pre viou s simulations . 

To be cons istent w ith the new engine mod el , the com;tant value 
of Is p u s e d  in the updating of the current e stimated veh icle mas s 
( i. e . I

S PC
) has be e n  dec reas ed from 3 0 !5 .  0 to 300.  5 s econd s .  

The� th rottle -dow n  and throttle -up lim its for the D PS have been 

rab c d  fro� 6 0 9 0  and 52 50 pounds ( 58  and 5 0  perc ent of 1 0 , 5 0 0  

pound s ) t o  6 8 2 5  and 5 9 8 5  pound s  ( 6 5  and 5 7  pe rc ent ) . 

A s  a res ult of the changes in C M  orbit altitud e , landing -maneu 

v e r  aim conditions , and the D PS model, new coefficients are 

requ i red for the DPS ignition algorithm. A detail ed des c ri1)tion 

of the p ro c edure for computing the s e  coeffic ients is given in 
Ti d. 6 .inclu d ing the values in cu rrent u s e .  For convenienc e , 

the;; e  values are given here,  u s ing the L UMINA R Y  GS OP nota ·· 

t io n :  

r.IGXG 
- - 1 :3 0 , 7 00 ft 

riGZG 
= - 1 , 4 3 0 , 400 ft 

VIGG 
... 5 5 7 4  ft/ s e c  

T h e  lunar · t c  tTai.n alt it ud e variat.ion tnoclc l hns bc<� n  chos en ns 

t>  r·of il < !  1\ of SUe III P · l l ,  at lhc d i.rcct:lon of i\·ISC.  Thi.s s t tppos cdly 
r · < � [JJ'< ! S < ' I l l:s  the rn o,;t d i i.' r [c u l t  tctT:c i n  for t i l e  L.1 tH ! ing :; i.tcs cu e ·

t · c n l. l.y t l t H k r  < ; o n H i d <� rati.nn.  l\ n  altilndc p t ·u l'i. le fo l' l i t is tt:� T a i n  

I I I I J r l < � l  w a;; c h o : " ! n  bccau n r!  .it pl·odt tcc:; large allit. u d e  v a l'i:cl. io ns l n  
t i l e  bf;t :� 0 - 4 0  s c:conds p rior to the H igh - G a l e  point. 



( � J • ) 

( 1 0 .  ) 

( 1 1 . ) 

lv[ <; n� t•, a l i :..; t ic rn ork l:; haY<) br, •:n inco rporated in the s i m u lal:ion 

to n:r, r • : :; rmt L,H acquis ition and d ropout boundark s ,  using the 

d ata of lt d .  3 , as d e s c ribed i.n H ef .  7 .  The d ropo u t  b ounda ries 
cons ist b a s ically of the maximum angular disp l.accmcnts that a 

giv<:n beam can make w ith respect to the local vertical w ithout 

los ing t rack. In the case o f  th e velocity beams ( No s .  1, 2 ,  and 

3 )  the data is given as a function of beam veloc ity and altitud e ;  

for the range beam it i s  given s imply a s  a function of altitude.  

The acquis ition boundaries are as s um ed t o  b e  2 - de g r e .:s s malle r 

than the d ropout boundaries , i . e .  if at a given time and state a 

beam just d ropped out at an angle of 40 degrees w .  r .  t .  local 

vertical , it c ould not reacc1uire at the same state u nt il the beam 

angle w e re les s than 3 8  d e grees w .  r .  t .  local v ertical. 

In order to obtain altitude information, · it is nec e s s ary that the 

range beam ( No .  4 )  and the rear velo city beams ( No s .  l and 2 )  

�tll be t racking . In order to obtain ve lodty information, it is 

ne c e s s ary that all three velo city beams ( No s .  1 ,  2 ,  and :3 ) be 

t racking. To s imulate the reacquisition s w e ep d e lay of the rada r 
t rackers , it is required that there be a 1 2  - s econd cklay aft e r  a 

given bemn falls below the acquisition b ou nd ary , })�fore reacqu i 

s ition is as s um e d  to take place .  

The LH is a s s umed to have the altitud e  dat a - reo.d flag s et at o.n 
e s tim o.te d  altitude of 3 5 ,  0 0 0  f e et ,  and the velo city data - read flag 

s et at an e stimated altitude of 2 3 , 0 0 0  f e et.  This docs not m ean 

that altitude up dating is s tarted at 3 5 , 0 0 0  feet.  Before altitude 

updating can be begun , the th ree rear beams ( Nos . 1 ,  2 ,  and 4 )  
1 rnlr>t �11.:_ b e  tracking. Aft er this o c c u c:� , the earliest tim e  that 
allib t d t) upd at ing c a n  be accompli s hed w :lth the LR is 30 s econds 

from the time that the bc:un�� s lart (�d to tt·ack. 



!'-• •  

\ I :J. .  ) 

( 1 3 .  ) 

( 1 4 .  ) 

( 1 5 .  ) 

( 1 G .  ) 

'J' } , c; f l ag for ;; w itching the LH antenna from Po sition No . 1 to 
l 'o: :  i f:  ion No. 2 i;o s ct w hen th e estimated braking -phas e time -to - go 
i ;.; 1.< : : : :; Lhan o r  equal to 1 2  s econd s .  The ante nna is a:; s u mcd to 
rnov(� f ro m  Pos ition 1 to Posi.tion 2 at the c onstant rate of 24/ 7 
degrc•�s / s e c .  No LR mens uremcnts are taken w h il e  the ante nna 
is being repositioned. 

Thrust -vector rotation rates arc limited to a maximum value of 
1 0  deg/ s e c .  At the time that the guidance equations ar;e p ro ces s ed 
( e ss entially the PIP A -proces sing times ) the pres ent act ual and 
d es ired th rus t -v e ctor o rientations arc compar e d .  A thrus t - vector 
rotation rate is th e n  computed to d rive the thrust vecto r to the 
d e s ired o rientation in one computation cycle ( 2 s econd s ) subject 
t o  the 1 0  deg /- s ec rotation rate limit. 

The raw altitude ni. easurement is as sumed to be taken at the PIPA 
proc essing time for w hich it is u s ed in the updating p roces s .  The 
velocity measurement ,  on the othe r  hand , is as sumed to be taken 
1 .  5 s econds p rior to the time of inc orporation into the s tate 
v ecto r  update .  

Site visibility c o mputations a r e  bas ed on t h e  computed L PS angle 
( Oe .Q_ of Fig .  3 .  4. 4 - 7  in LUMINAH Y GSOP R ef .  2 )  rather than 
the line --of - s ight to a particular point such as the initial s it e .  In 
the pres enc e of navigation ClTors , the vehicle may land as Pluch 
as D O O O  f e et down range from the initial s it e .  

T h e  vehicl e ' s  assumed w e ight before t h e  start o f  t '1e ullage 
maneuve r  has been inc reas e d  G 1 2 pound s  from 3 2 ,  1 8 4  to 3 2 ,  7 9 G 

pounds . 



D ES CH I PTION OF TEST RUNS 
/--. --- ---- - - ·--·· - - - -----------------

A r;crics of t e s t  runs w ere selected at MSC ( Ref . 1 )  to check 

o t.tt the landing -- maneuver simulations . The salient characteristics of 

thes e runs arc summ ariz ed in Table 1 .  

The i n itial errors 1/ 1 1 9 1  are worst - case errors as determined 

in Hcf .  9. The 3 ·· s igma IMU e rrors are taken as 3 mr alignment, 
. 2 . 02 It/ sec  accelerometer bias , and 4 5 0  p. p . m .  accelerometer . scale -

factor along each axis . No LR random or bias errors are included in 

thcr; e  initial test runs . The 3 - s igma thrust -acceleration d evbtions arc 

+ . D and - 2 .  5 p ercent of 1 0 , 5 0 0  pounds at the start of the DPS burn, w ith 

· the bu i ldup characteristics as given in .R ef. 1 .  

NOMINAL TH A.JE CTOHY CHARACTEHISTICS 

The important characteristics of the current nominal landing 

t r::cj c ctory ( ta rgetcd according to R ef ,  5 )  are presented _in the plots of 

F igs . 2 - 7 .  

The thrust -vector elevation angle and thrust magnitude are show n 
in Fig , 2 as a function of time during the landing maneuver. The p t·ofilcs 

arc relatively smooth, because there arc no navigation -system errors or  

terrain altitude variations. The D PS throttles down at a time of 3 4 G  seconds 

w hich corres ponds to a b raking - phas e time -to -go of 1 1 9 . 6 seconds . The 
requi red b. V is G 4 7 6  ft/ sec ,  which is 

·�bout 4 5 ft/ sec les s  than the pre -
' 

v io u s ly used nominal of H ef , 3 .  
\ 

I 
The displacement of the four �anding radar beams from their 

dropout boundaries are shown in Fig. � as a function of time for the 

nominal traj
-
ectory. The quantity p latte� is the <liffcrence behveen the 

angle of the beam ( AR ) relative to the 1�cal verti.cal,and the dropout angle 

fo r the beam of interest ( AB L ) .  The cl r?pout angle ( ABL ) ,  as rncnlioned 

carl i.e r,  is cotnplltccl as a function of v<•hkle altitude and beanl vc� loc ity. 
1 

W h • : n  the diJL'<� rcnce i\ 13 -ABL is posit.ivc �or a given beam, the beam is 

" 
a: : : : 1 1 m cd l:o d t·opqut , i. l) , it los es l t'ac k .  \In Ol'dc r· fo r· l'C:1.<�qu i :- d tion l:o 

l.: : k '". [ J i a  .. : < ) ,  l l \ e  l �c)am · - angle d :i.ffcrcncc� rnurt l�e les s lhan - ?,  <l cgr<'! < ! :c l , ·Th e  

:.' ' ' ' ' ' I L.' t '_<_ , , l  : 1 b o  llte lud.cd a 1 2 -s ceoncl dela/Y a l l c .t· the - 2  degree c l 'i l:cri<Hl 
w :.> a f: w l H) d ,  before new LH d at a  can b t) optaincd. 

. ' ' 



There a rc s everal points of inte rest to be s een from the !�on�nal 
t t · : J.j r� r:to ry of J<' i.g . :� : 

( I . ) 

( 2 .  ) 

( 3 .  ) 

( 1 .  ) 

/ 

No LH velocity data can be obtained until about 1 5  s econds aft e r  

t h e  start o f  th e visibility phas e ,  w h e n  the vehicle ' s  altitud e i s  

about 7 2 00 f e d  . .  The reas o n  f o r  this i s  that w ith th.e present LH 
Gnlc nna c o nfiguration, the forw ard vel o c ity beam ( No .  :3 ) is 

typically betw e e n  6 0  and 7 0  d egrees forw ard f rom tho local v e r 

tical du ring t h e  maj o r  part of the b raking phas e .  W ith the as 

sum e d  d ropout boundary it can be s e e n  that Beam No. 3 w ill not 

acquire du ring the braking phas e .  

LH altitude information is first o btained at about 2 9 0  �:> c conds 

aft e r  the start of the braking phas e ,  w he n  the vehicle ' s  altitude 

is about 2 5 , 0 0 0  feet.  This is about 30 s ec o nds aft e r  the three 

rear beams ( Nos . l ,  2 ,  and '1 ) have all started t o  track ( AB 

A B L  les s than - 2  d egrees ) ,  It s hould b e  noted that the H ange 

Data - H ead Flag is �;et at an estimated a ltitude of " 3 5 , 0 0 0  feet in 
the s imulation. 

W ith the a s s umed conse rvative d ropout - bound a ry morl el, all the 

radar beams are s e en to maintain track once they have started 

to track, until about 2 5  s e c onds before the end of the visibility 

phas e .  At this time the rear velocity beams ( No s .  1 and 2 )  l o s e  

t rac k ,  p reventing any f u rthe r altitude and velocity updating by 

the LR , 

The sh arp spikes on the A B -A 13 L curves occur w hen the antenna is 

s w itched f rom Po s ition No. 1 to ! 'o s ition No. 2 ,  and w hen the vehicle 

pitches up to start the visibility phas e .  Pres ently ,  the antcnna - s w  itching 

flag is s et w hen the estimated braking -phase tim e -to -,·go is l e s s  than 

or equal to 1 2  s econd s .  On the b:wis of the d at a  of Fig. 3 it appears that 

from the view point of m aintaining t rack, i. c .  minimizing the d:i.ffcreilc c 
A B -A 13L, this sw itching is done at too early a time. This stems from 

the f act that the axis of symmd1·y of , ' '�. beam dus t e r  is about 

10 d egree forcard from the locn.l vertical ( in the t raj ectory plane ) 

c l tu·ing th e� latte r  part of the braking phase. Sw itching antenna 



( 5 .  ) 

p o s itions mo,.r c s  th e be am s fonv ard ( w .  r. t .  loc a l  verti cal \ ,  
w he reas the p itch ,- up L; s t art t h e  vis ' i ' i l y  ,,h;J s e  m 0 v • : s  th m 

backw ard ( w . r. t. local v e rtica l ) ,  

T h e  range b e am ( No ,  4 )  d o c s  not d ro p  out at th e c ncl of the 

v i : ; i l , i l iiy pl l a :3 e .  T h <� ' '  . < :o o n  for �hb is that its d ropc,ut l.>u t : nd a cy 
( :1 : :  J n <Jrklr •d  in t h e  :c inu!la l ion ) is d e p c n ck n L  upon vcl t ic k  :1 l l i l u d e  
< m ly and nut beam v docily . 

( 1) , T h e  : u t : ;le d i[fc n ' J l l' <" ( " U : \ ( ' S  ( J\ l l  ' i'\ 1 3 1 ' )  ror Ll • P  lw o l' l ' : tt' \' , i < Jc ity 
beams ( No s . 1 and "'' ) a i·c ;: l inl l tly d iff e re n t  r ,· c ,m eac l i  C • lhf' l' h •; 
<: a u :o e  of Uv: 6 ·- d c g r c· • :  :; k :w : 1ngl c uf t i l e  ;J ntc d l ta c o nf igu ; ·ation a l l o t l t  

t h e  vt:hic l c ' s  x-- axis . 

T h e  c o m puted vis ib ility : u 1 ;�k ,·o r  t ! 1 e  nornim,J t raj e cto ry is p n• 

s c nt c d  in J.<' ig.  4 as a fun c L •o •1 · J '  ' - " l ' C: "  The quanti ty actually p : · e ,  , , utc• q  i s  
t h e  com p l e m e nt ol' the LPD .1nglc ( 90 -- G  

e2. 
of H ef .  2 ) . When t h i s  qu antity 

is les s t h a n  2 5  d e g re e s ,  s it e  vis ibility is lost.  From lhc curve it c a n  be 
s e e n  that the s it e  is 1 0  d e g r e e s  :cbove the w indmv c d :; c  ( angl.c grt:;ct c r  than 

- '� S d e g r e e s ) for about 1 2 5 s c c o ncb d n ring the v i s i i J ility phas e .  

Various constraints h a v e  h c c n  s e t  u p  b y  i'vlSC on the alt iJ u d e ,  

ho riz o ntal v eloc ity , and V <"  rti.cal v c  loc ity as 0 function o f  ran,'�'' - t o ·· g o  t o  

t h e  l an d i n g  s it e  d u ring the l2.st 2 0 0 0  f e e l  of th e approach t r·aj l:c. t < J i'y , 

Th e s e  c o nstJ ·ai1 1b3 arc d o curn e nt<;d in H e f .  1 0 .  T h e  ta 1·geting 1 >a ram e tc  l'S 
fo r  t h e  n o m i nal t raj e c t o ry have h e < ·n �; elected by :VI S C  ( B el's . �i , 1 1 ,  1 :� )  
t o  s atisfy t h e s e c on s t raintE: , Cu r v e s  show ing Ute relevant t raj e c to ry 

qu a n t it i c �3 and t h e i r c onst raints du ring the last 2 0 0 0  feet of t h e  landing 
a r· e  given in F igs . 5 - 7 .  As c n n  b e! :> C c' n ,  t h e  t r n j c do ry pa t �t :t1 < ' i <' t':'; fol 
low the cu n:3 t raint curves quit e  c l no� c ly for tre norn i nal cas e .  

Th e d r;ad rna n ' s  c u r v e• f o r  a ·1 - -;H' cond t·eaction and s tagin1� d eb .y 

( n e f .  1 1  ) w as violat ed on the no m inal t raj c c to ry a t  a range to - go of :1 bout 
Ul 5 feet.  T h e  c o nst raint Llm it h < e r c  is 2 00 f e e t .  

Tt•;ST H { ! NS /1 1 02 AND /f l O :� : JNTl 'li\ f ,  C O N IHTION E H H OTI S  /\ LO N E  

' 1 \'1 " ' " t s c · s  :t l'<; c o n s i c l c r C' d  u :3 i n g  w o n;l: · • � a S < !  ini tial  e t· t ·o t' V < ! c : L o t· 

// I I !J I  of l l d .  D .  [n H u n l O �.: ,  w h ich u r ; c s  <> tT<ll' - v < � c l u t' !l l l D l ,  Ll < r1  v < · h ic : l • ; 

: : l. : t l ' !.s o u l. lo'.v w i l.h  a l :u·g 11 l' n < ' gat i v c:  v c' l't. i .c:>. l v e l oc ity l: lw n i l l ll i c : t l:cd !Jy 



U t t; n: J. v ir; : t. li.rJn �;y :.; t e m .  In R un 1 0 :3 ,  on the oth e r  hand , w ith e rror vector 

II I I !J l t h e:  v dt i.cle s tarts out h igh w ith a larger pos itive v e r t i c a l  v d o c lty 

than i nd i.ca krl by the navigation s y s t e m .  No IMU or LH meas u rement 

e rro r· :; are ac; s umed to be p re s e nt in the s e  runs . 

In the first case w he ce the vehicle starts high ( Ru n  1 0 2  ), the t ra 

j e ctory char;J.dc t 'istics w e re n ot s ignific antly d ifferent f com thos e of the 
nom inal cas e ( F igs . 2 -7 ) . The throttle - dow n o c curred about 5 s econds 

later than for the nom inal cas e , i . e .  at a tirnc ·-to - go to H igh -Gate of about 
1 1 5  s c" c onds .  Al titude and ve rtical veloc ity d eviations of - 3 4  feet and 

+ 8 . 6 ftj s e c ,  respectively , o c c u rr e d  at the High -Gate point . .  

In the s e cond cas e w h e r e  the vehicle s t a rt s  low ( R un 1 0 :3 ), the 

th ru st -vector elevation p rofile devi::J.tes a bit from that of the nominal cas e. 

This cD.n b e  s e e n  frorn a c ompari s o n  of the p rofiles of F igs . 2 and 8 .  The 

reason for this is that the LR 1 ·ange beam ( No .  4 )  and right rear veloc ity 

beam d rop out at about 3 2 8  s e c onds aft e r  the start .of the b raking phas e ,  

a s  indicat e d  in F ig .  9 .  Altit u d e  updat ing w ith the L H  is not begun again 

u ntil  14 s econds lat e r .  I t  s hould be not e d , how cvt: r,  that d ropou t just 

bare ly o c c u rred ( s e e  F i g .  9 )  a nd w ith a s lightly les s  c o n s e r vative model 

probably w ould not have occurred at all. When th e guidanc e system i :> i ; , 
f o nned by t h e  na vigation system ( afte r  J , H  updat ings h ave b e gun ) that the 
vehicle is h ighc r than pn:vious ly ind icat e d  ( R un 1 0 3  ) , the corr e c t ive action 

taken by the gu idance system is to place th e th rust vector in a m ore lH' c'. dy 

h o riz ontal attitude than in the nom inal c a : ; e .  This i n  turn d is plac c� s thl� U{ 

beam c luster f u rth e r  forw a rd from the local ve rt ical, inc reas ing the pos 

s ibility of en d ropout s  .. 

The I I igh - Gate altitude and vertical velocity dcvbt.i.ons fo r R un 1 0 3  

a rc + 3 5  feet and - 9 . 3 ftj s cc respectively. A s  a result ,  the vis ibility ··phas e 

t rD.j cctory characteristics are not s ignific antly d iffe r e ntly f rom thos e of 

the nominal traj e ct o ry ( F igs . 4 - 7 ) .  



T i l e  t n agnituck�; of th e altitud<; updat ings for H u ns I 02 and 1 0:� 
; ,  r · • ·  j > r · • · : ; r : n t < : d  i n  l.•' i g .  1 0  < t S  a fu nr: t. io rt o f  lhc hraking · p l t a : ; r �  tinH! ·to -go. 
' 1 ' 1 " '  , . , r · v • :  f o r· l { un t rn l l a:-; a i l t ·r;ak in it l w r. au s c  of 1 , 1.{ d t·opo u t  at a l i m e · 
'·" : ; o  o r  alJu t t f.  1 :� 1  s e c o nd s .  As can be s e en , the initia l a l.t il u r k  r • t - ru r·s 
a t ' < ;  [> t · i m a l'ily t·r �movecl after  :30 - >1 0  s e conds of LH updat i n g ,  i. e .  aft e r  
1 5  - � 0 upcL l t ing s .  The r c :3 idual  o r  steady - s tate o h'  s are c a u s  t : d  by the 
v <: rt ical veloc ity errors acting o v e r  the 2 - s econd int e rval b etw e en u pdat 

ings . Th e m anne r in which the altitude es timation e rrors dec reas e d t t ring 

tlwse runs is shown in F ig.  1 1 .  As can be s een , in the abs ence of te rrain 

altitude vari ations the maj or altitude estimation error
. 
is removed afte r  

3 0 -40 s ec onds of LR upcbtings . 

TEST HUN If 1 04 :  TEH R AIN III - P - l lA,  NO S .LOPE 

The effects of lunar te rrain altitude variations on the land ing 

t raj ecto ry arc inves tigate d by H uns 1 0 4 - 1 0 6  of Table 1 .  The s elected 

te rrain is l'rofile A for s ite III - P - 1 1 ,  w hich is show n in F ig. 1 .  This 

s it e  w a s  s elcct<:d by MSC as being the most difficult to land at of those 

currently und e r  conside ration. In Run 1 04 no s lope is supc .t-pos cd on the 

t e rra in altit u d e  variation s ;  in Runs 1 0 5  and 1 0 6  s lopes of +1 degree and 

-- 1 degree arc s up e rpos e d on the terrain variations . No navigation sy s te m 

initial e rrors , no IMU errors , and no LH measurement e r ro rs are p r,_� s ent 
in any of thes e runs . 

Thrust -vector elevation and magnitu de profiles arc show n in 

F ig.  12 for the no - s lope  case ( Ru n  1 0 4  ) .  As can be s een , fairly large 
el evation angle deviations occur during the last 50 s econd s of the b raking 

phas e .  The reasons fo r thes e d eviations are : 

( 1 .  ) Large abrupt variations in the terrain profile occur at this time 
when the vehicle is 8 - 1 2 n : miles from the bnding s ite . This 

c a n  he s e e n  in F ig.  1 .  Variat ions of this magnitude w e re not 

c o n s idc: red in the te rrain model. u s e d  to d e dvc the w eighting 

fu nc l..ion. 



( 2 .  ) With the pre sent w e ighting funct ion, terrain varialiom; w .il l l ) e  

fo llowcu fairly 1·apidly i n  the nav i.galion sy:; l e m  e s  li t n ; t l < � s  " r  
pos ition .  This c a n  be s e en frmn Fig. 13  w he re t h e  c u r tT t t l  a l 
titud e w eighting function is given. In the r r �gion of i n t c rc :; t  t.h c  
LH altitude w e ight ing function is about 0 .  4. 

The guidanc e  law is too s ens it ive at this tim e .  Dy requiring l. l l a t  

the f inal pos ition and velo c ity e rrors b e  z e ro , fairly ,; evere 

mane u vers can be required at the end of the landing - m a neuver 

phas e .  W ith the p res ent law the maneuver r equ ired t o  correct 

a given ch ange in altitude (o h ) , as introd u c e d  by a LR upd a t ing, 

inc reas es rapid ly as the tim e -to - go for the phas e becom e s s m a ll .  
M ethods for r edu cing this s e n s it ivity arc currently be in g invcs 
tigat e d .  

A t  about 2 9  s e c onds tim e -to - go f rom the end of the braking phas e ,  

the th rottle u p  limit for the D PS ( 6 8 2 5  pounds ) w as exc eed ed .  Th i �> again 
w as c::w s e d  by the s ev e r e  maneuvers required because of abrupt 
changes in estim at e d  altitude due to te rrain altitude changes . The D l)S 

· w a s  not pe rm itted to throttle - u p ,  how ever,  as can be s e en in F ig .  1 :� ,  lJ .  · 

c an s e  th e b r a k ing -ph as e time -to - go w as l e s s  than 3 0  s e conds ( H ef. 2 ) . 

Becaus e of the s evere m.aneuvc rs required at the end of tile brak 
ing phas e w ith Terrain IIl - P - l lA p re s ent ( H u n  1 04 ) ,  the LR los es track 

at abo ut :3 0 seconds before the e nd of the braking phas e .  It docs not rc 
acquire until aft e r  the start of the vis ibility phas e . This can be s e en in 

F i g. 1 4 .  No a ltitud e o r veloc ity upd:ttings are obtained du ring this inte r 

val. 

The H igh -Gate e rrors in the cas e of int eres t h e re w e re about 

l !l :>o I c r:t in alt itud e and 2 1 ft / s ec in ve rtical velocity . This is due in 
part to the fad that the t<:rrai n  twa r tlw H igh - G a t e  p o int is s ev<� ral h u nd r·cd 
f < • d  above f:l t a t  of t lw land in g  s H e .  Also,  t h e  H c vere 1n ancuve r· t· r:qu i t·cd 

to 1 rw et the l l igh -·Gate cond i t ions i :i  inhib.iicd at th e la st 20 s ec o n d s  uf lhc 
hr:\ldng pll a s < �  i ly l h c  s w itch to op<:n ·- loop linear guid an c e  there. A �  a 



n : : ; , � l t , U 1 •� v rc di.cal ve Loc ity rl u r·ing the la::: t  2 0 00 feet of t h e  app roach 

l. r· : � _j < : < :f." r·y i : ;  : .Lhout BO p r : t· c c 1 1t large r than o n  the c o n :::iraint c u rv e � .  '1' 1 J.i s  
c :_,_ n I J r; :; c: r : n  f t ·u m  J•' ig,  1 5 .  Li!H: w is c ,  the vr;h i c l e ' s  o.ltit u d e  at th L-; t itn e 

L, ; ,,_bo u t  :3 0 - p e rc c nt high e r  than the constra.lnt val u e ,  as indicated in 

F ig ,  1 6 .  In s p it e  of thes e c ons t raint violatio ns , the d e ad - m a n ' s  c u r v e  

w as not exc e ed e d  until the v eh icle 's a lt itude w a s  d ow n  below 2 0 0  feet .  
S atlf; f a c to ry s ite vis ibility w as also obtaine d ,  

'fEST IW NS /1 1 0 5  and # l OG : TEH HAIN III - P · l l A , .±. 1 -D f<�GR l•:L<: S LOPI•:S 
--- ----�------- ----- ·- . . ----------· ·------ ------ ------ ---------------------------�- ----------------

The thru s t - vector .clev,J.tion angle p rofile s  are s h o w n  i.n F ig. 1 7  _ 

for a + 1  d eg r e e  s lope (t e r rain high) , and in Fig. 1 8  for a - 1  d egree s lope 

( t e rrain low ) .  A s  can b e  s e en , fairly s e v e r e  attit u d e  maneu v e rs arc requ i t· · ·d 

in e it h e r  case at th e end of t h e  b raki.ng phas e in an atte mpt to m e et the 

High - Gate condlti.ons-. 

(1 .  ) 

( 2 . ) 

Of part icular int e r e s t  in f1 un s  /f l 0 5 <1.nd /f l OG  are t h e  l.'ollow inf1 ·  'J ' 

In the pos itive -- s lope cas e ( tc� n·ain h igh ) the LH altitude upd a t i ng 

w a s  s tarted about 80  s econds earli e r  than in the n e gati v<; - s lope 

c a s e  ( terrain low ) .  The veh icles sta1·ted at the sam e �-> l aic in 

both cas e s ,  v1 ith no nav igat.ion,  IM.U ,  o r  IJ{ errors p res ent. '1'l1e 

r e a s o n  for this is t h at the LR d ropout ( : :md acquis it io n ) b o u n d a ric;s 

( R e f ,  7 and 8 )  are m o d e l e d  a s  functions o£ local altit u d e ,  In lh e 

positive --s lope cas e w h e r e  the vehicle W ;J.S clo s er to t h e  t e rra in 

initially, acqu i s ition c ould take place ca r.L i_r� r. This is s h ow n  in 

F ig s , 1 8  and 2 0 .  

I n  the p o s it i v e - s lope c a s e  ( terrain h igh ) ,  the nav' l-( �l t io n  info r m a 

t i o n  a l.'tcr .LH u p d ating ind icates that t!H� v eh ic l e is low e r  in alt H t t d e  

th a
·
n p r e viou s ly estimated,  T o  correct  fo t· this condition, the 

v t� h .i d c  is requ ired t o  .first pitch up ( h i ghcr than nomina l ) and Uwn 

lo p i lc h  down ( l.ow c r  than n o m ina l ) .  Th i s  tend ::; f.o sw ing Uw 1 , 1{ 

lw:u n cJu s t c t· c l.o :-; c r  t o  t h e  lo c a l ve rtical d u l' i n g  the c•,t dy part of 

t l w  t i [H.la l:.ing p c dod ( w hich is v e ry d c s i !.';t h l c  to avoid d r ·opn u l:-; ) .  

Tn t h e  n e g a t i v e -- s lope cas e ( t.e r·r";:ti n low ) the vc� l t ide is p lt c h c d  

d ow n s ho rtly afte r th e s ta rt o f  altitude updating. T h i:3 t e n d s  to 

inc r l�a:c; c  the p robability of an e ar ly d ropout,  as c a n  be s e en in 

I•' Ir�s . l !J  and 2 0 .  



( :3 .  ) 

( 4 ,  ) 

( 5 ,  ) 

No LH velocity upd atings are obtained du ring the brak i n g  pha s e  

i n  c.ilher o f  the runs . No altitude updatlngs are ol ltaln(�d d u ring 
the last 2 5  s e conclG  of the lll'aking phas e .  In the neg a t ive - s  lope 

c a s e  ( t e rrain low ) neithe r  altitude or velocity upda1: ings a r c  ob 
tained d u ring the last 2 5  s ec onds of the vis ibility pho s e ,  It s hould 

be n o t e d  h e r e  that th e as s umed LR d ropout bou n d a ry model is 

ve ry c:ons e rvat:lve. 

The a s s u med t e rra in profile,  as indicated in Fig, l ,  h;is a · mean 

s lope of about -t- 1 0 0  ft/ n .  mi during the last 15 miles of the ap 

p roach t raj ectory. Accord ingly , . w he n  the - 1  degree slope is 

r; up e rposed on the t errain model ( H un 1 0 6  ) , the resultant te rra
-
in 

is relatively s mooth from about 8 miles into the s it e .  This can 

be s een from the cu rve of Fig, 2 1 , As a res ult, the High - Gate 

e rrors are not unreas onably large ( 500 f e et in altih.icle and 

1 4 ft/ s e c  in ve rtical ve loc ity ) .  This i n  turn leads t o  s atisfactory 

s ite vis ibility, and a t raj e ctory that is reas o nably close to the 

specified c onst raints du ring the last 2 0 00 f e et of :the app roach t ra 

j e ct o ry .  

The pos itive 1 - degree s lope coupled w ith the t e rrain rnodel ,on the 

oth e r  hand, results in a terrain s lope of about 2 00 ft/ n, mi up from 

th e s it e  over the last 8 - 1 0 - mi.les of the app roach. This is s how n 

on the uppe r curve of F ig .  2 1 , The High - Gat e er rors , as might 

be expected, arc somew hat larger than for the ne gative - 1  d e g r e e  

s lope c as e .  T h e  num e rical values are 2 5 0 0  f e et f o r  altitud e and 

2 2  ft/ sec for v·; rtic al velocity . The end res u lt is an approach 

traj e ct o ry w it h  a s it e -visib ility interval s ignificanHy smaller 

than the nominal cas e ,  and one w hos e altitud(� and ve rtical velocity 

are s igni.ficantly l arger than the cons t raint valu es ove r the last 

2 000  feet o f  the app roach phas e .  These und er> i  rab l<� traj e cto ry 

c : l l : u ·: u : f: e ri.f;tics arc s h ow n in F .i[',H . 2 2  -- 2 ·"1 . 



( () .  ) The dead man ' s curve ( 4 - sec reaction and staging d e lay tim e  

curve of Hef, 1 1 ) w as violated a t  a range -to - go o f  5 7 0  f e et in 
the positive ! -d egree s lope test cas e ( Hun 1 0 5  ) .  The maxim um 

permis s ible range -to - go for exc eeding this curve has been s et 

at 2 0 0  feet ( R ef ,  1 0  ) .  

E rrors in the estimat e  of vehicle altitude are pres ented in . [•' ig, 2 5  

for test Run 11 1 05 ,  Tw o different types of estim at io n  e rrors are pres ented :  

( l .  ) 

( 2 . ) 

Local -altitude es timation e rror 
E rror in estimate of vehicle alt itude relative to the site,  

No initial - r�oncl ition navigation erro r s ,  n o  IMU e rrors , and no f ,n meas ure 

ment e rrors are pres ent, The only e rror s ource is the d e viatio n of local 

terrain altitude from that of the s it e ,  

The im portant po int t o  be s e e n  f rom F i g .  2 5 i s  th::lt w ith the prcs_cnt 

LH altitude w e ighting function s ,  the navigation -system altitu d e  estim<ttcs 

t end to follow th e terrain in a very short time after the start of altitude 

updating ( 2 :36  fJ Cconcls starting time ) .  This is evident from the local 

altitude estimation-- error curve,  Becaus e of t h e  com bination of the terrain 

III - P - l l A and the + 1  d egre e s lope ,  how ever ,  the r; rrors in the estim a t e  of 

vehicle a Ltitude w ith respect to th e s ite  become very large afte r the J ,n 
updating is bcgllll, as s how n in F ig, 2 5 ,  As the vehicle app roac h e s  the 
r; itc ,th is error converges tow ard z ero . 

On the basis of the data of Fig, 2 5  it appears that the pres ent 

U1 w eighting functions are too large during th e i nitial part of the u pdating 

iut erval ( c . g ,  betw e en 2 50 -450 s e c onds ) .  It should be noted,  how ever, 

that d ow n - range t e rminal position errors of as large as 9000 feet may 

o c cur in w o rst - cas c s itu ations ( as s uming that no at>t ronaut -initiate d  s ite 

• · cdc :cJ i.grw.t:ionr;; a n" made ) .  Und e r  th e s e  condit ions , tc rrain --follow i.ng 

w .ith large r .H ali. i.l: wJ c� w ei g h t ing functions is d e s i rable d u ring the final 

; q l p  r·o:v:h pllar; c  ( last f ew rn il r's ) to inrwrc a s :-t fe. landi.ng, 



TJ•:ST I UJ .NS // 1 07 AND // 1 0 8 :  :3 -�1IGMA Tl iH lJS T -ACCE LE H ATIO N Dl•: V I A'l'IONS 
- -- --- ---·-·- --------------------- - - ----------· --------------�- ----------·--- -- - ·--- ---· - .. -----

The primary effect of 3 - s igma thrust - ctccelcration deviations 

' lcting alone on the guidance -and -navigation system during the pow e red 

landing maneuver w as a change in :OPS throttle - down tim e .  For the 3 -

r.; lgmLJ. h .igh cas e ,  the throttle -down time was about 1 3 8  s e conds before 

I f i.gh -GLJ.te.  The required D. V in this case w as 6 4 9 0  ft/ s e c ,  w hich is 

1 4  ft/ sec abov e the nominal c as e .  For the 3 - s igma low cLJ.s e ,  the throttle 

d ow n time was about 44 s econds before High -GLJ.t o ,  w hich is felt to  be 

reasonable in the absence of navigation e rrors and terrain altitude vLJ.ria 

tions . 

In both of thes e  test  runs , the High -Gate aim conditions w e re 

accurately met .  Accordingly, the visibility -·phase trajectory cbaracle ris 

tics w e re similar to thos e for tho nominal traj ectory.  

TEST HTJ NS // 1 09 AND # 1 1 0 :  WORST - CASE R U NS 

T'hc final two runs of the s e ries given i.n Table 1 arc intended to 

l'<)pres e n t  extremely difficu lt s itu ctti.ons for t h e  guidanc e - ancl - na vigation 

system. These runs include i.n:lti.al -condition e rro r - vector # 1 1 9 1 ,  3 -- sigma 

IMU errors , 3 -- s igma th rust -acceleration deviations , and terrain profile 

III - P - 1 1  combined with a 1 -degree s lope, No LH meas urem ent e rrors 

arc as s umed In the s e  runs , 

In the first run of this s et,  i. e . Hun # 1 0 9 ,  w h e re the vehicle w as 

in itb.lly high ( L�r-ror -vcctor -11 1 1 9 1 ) and Lhe terrain w as lt> vv relative to the 

site ( ·- 1 degree slope ) ,  no LR upd atings w ere obtained tll l ·oughout the 

cnU.re J.andinrt m a n e uver.. As a r es ult of this , the landing w as not s u c c es s 

ful, w ith the vehicle s till 1 :3 000  fe et above the s ite at the end of the visibility · 
ph:.wc, It shou ld be noted h e r e  that th e range bcarn rnainbincd track d u ring 

l. l w  Lw t G O  s <�conds of the braking phas e and th roughout most of the v i s ibility 

'l'he reason tbat no altitude} rncaiJUrclncnts w e r e I aker; is that the 

re ar veloc ity b eams w e r e dropped out for es s entially the entire landing 

rn aneu ver . 



. / 

[n the second run of this s et,  i. e .  Run II 1 1 0 ,  where the vehicle 

.,., , � ; i J • i U ; • l i.J l"w ( '-' c co r -· v r�ct o r  1/ l l fl l ) and the te rrain was high rdative 

!. < 1  u , , ,  : ; i l. < !  ( l l  d< : r� r· c <: �; l .<>p<: ) ,  llw landing w ar-; n c c o u tpUs l l c d  in a much 

I " " ' ' '' ; : l l c : c c : ; : ; l.'t t l m a n n e r  t h a n  i n  the other run ( If  l 0 9 ) . Otw reas o n  for 

U t i�:: i :-; that w i.lh the vehicle low a n d  the terrain high , I ,H updating is o b 

tai ned ea rly in th e braking phase a:;; c;hown in F :i.g. 2 7 .  The cu.t- rcctivc 
ac U.on taken by the g t!idancc s y s t e m  after the initial upclatings is to pitch 

th '" vehicle up in itially , as shown in Fig. 2 6 .  This orients the radar 

beams more f avorably w ith respect to the dropout boundaries and, in fact, 
e v en permits s ome velocity updating during the braking phas e,  as ind ic a 

t e d  i.n F ig. 2 7 .  The present velocity w eighting functions, how ever, h ave 

z e ro values during the period that the beams are locked on here ( speed 

greater than 1 8 0 0  ft/ s e c ) .  Vertical -velocity estimation errors of the 

order of 3 5 ft/ sec occur at the end of the b raking phas e.  

In  this particular case the High -Gate vertical -velocity and altitud e  

c l'rors w ere - '7 G  f t/ s e c  and 47 1 ft. One reason for this is that w ith a low 

value of thrur-Jt,  it w as not poss ible to reduc e the command thrust b elow 

the throt tle -down level before time -to -go was less  than 3 0  s e c onds in the 

b raking phas e.  As soon as the tim e -to -go d ropped below :30 s econds , the 

U PS w as automatically throttled -dow n for the remainder of the braking 

plw.s e.  In spite of the li i.gh - Gate errors , the visibi.l.ity phas e of the tra 

j e etory appears to be  s atisfactory .  The visibility interval is as on the 

nominal traj ectory. The terminal traj ectory is s omewhat shallow er than 

the nominal cas e,  as c an be seen :in Fig. 2 8 ,  but the 4 -s econd dead man ' s  

c urve is not violated until the vehicle is about 1 00 feet dow n - range from 

the s ite.  

LR clropout in Run 1 1 0  occurs about 23 s econds b efore the end of 

th< !  vis ibility phase. The res ultant Low -Gate altitude error is 2 1  feet • 
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'l'A U LE 1 :  LANDING SIMULATION TEST H UNS 

··-····----- ---- ------- .. ---- --·· - -- -j------r-----

Hun Initial IlVIU 
l' UH POS l<; 

No. Errors Errors 

.. :.:. :: .. ·:c:::: :::.:::: .. :-:::.:::::c·· · ·:.cc:-..::::.c_·::.::c.--:=.-:-:: :::-:::::::·-:::: ;::..-:::::::-=-.:..--::.· -'--=:.:.:::::..= 

( 1 . ) No m inal 1 00 No No 
------ ----------- ..•.. " ·-···· - - ···------ ---- --------

-

- --------

(2 . ) Initial -- Concl.iti.on 

Errors Alone 

102  +/1 1 1 0 '  No 

1 03 -/1 1 1 9  No 

-

---- ------ - - - - - · -------- - - -· ---------------- - --·-···--
( :3 . ) Terrain Variations 1 04 

Alone 1 0 5  

1 0 6  

No 

No 

No 

No 

No 

No 

-

Terrain Te rrain 

Vars . Slope 

---------� F' - - -------

S mooth 0 
---- -1-------- -

Smooth 0 

S mooth 0 

--- ------ ---1--------

IIH'-l lA 0 

III-P-1 1A +1 d cg. 

III-P-l l A  - 1 d eg. 

Thru st 

Ace. Dev 
--

0 

0 

0 
---- --

0 

0 

0 

-----··----·- ---·-··· · - .  " "  -- - ·------ ----- f--------- ·· ·· ·--·------- --- --- --- --- - -- - - - ---

( 4 . ) Thrust Accelera

tions Alone 

1 0 7  

1 08 

No 

No 
--------------·--------- --·---+----1----

No 

No 

( 5 . ) Worst --Cas e R uns f 1 0 9  - 11 1 1 9 1  :3 -o-Ncg 
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Effect of High ·-Gate Altitude and Velocity Deviations on 

Ability of LM PGNCS to Satisfy Visibility-Phase Constraints 

for Landing Maneuver. 

The effects of High-Gate altitude and velocity deviations on 

visibility-phase trajectory constraints are studied under ideal error-free 

conditions • .  The constraints requiring the smallest High-Gate deviations 

are the 75-second visibility interval and the flight-path angle during the 

latter part of the visibility phase. Based on this study, 3 -sigma High-Gate 

deviations should be limited to about 1 500 feet in altitude and 20 ft /  sec in 

vertical velocity. 

GENERAL INFORMATION 

A primary consideration in the selection of LR weighting 

functions for the powered landing maneuver is the accuracy with which the 

High-Gate altitude and velocity aim conditions must be met. This is also 

very important in determining the type of guidance scheme required dur

ing the latter part of the braking phase, where high accuracy may demand 

considerable thrust -vector maneuvering. 

The pres ent memo attempts to answ er the question of what 

accuracy is required in meeting the High-Gate altitude and velocity aim 

conditions under ideal conditions. The basic criteria chosen to evaluate 

the High-Gate errors are: 



( 1 .  ) The length of tim e during the visibility phase of the landing maneu

ver that the line -of -si.ght to the predicted landing site is at least 

7 degrees above the lower edge of the LM window. 

( 2 ,  ) The down-range distance from the LM to the landing site when the 

vehicle ' s  downward velocity at a given altitude is greater than that 

for the 4 -second deadman's curve of Fig. 1 .  

( 3 .  ) The deviations in vehicle altitude and flight -path angle at a range 

. to -go of 2000 feet, with respect to the constraint curves of Ref, 1 .  

( 4 .  ) The deviations in veh:icle attitude at a range-to-go of 2000 feet. 

The various trajectory constraints and their justification are 

discussed in Refs . 1 and 2 ,  The visibility-interval is necessary to permit 

the astronaut to observe and assess the computed landing site. It is also 

important that the deadman's  curve not be violated until after the final 

landing site has been selected, i, e. at a range-to -go greater than about 

200  feet where the astronaut has the capability of site redesignation, The 

flight-path angle, velocity. and altitude constraints are imposed to permit 

the astronaut to manually take-over control of the vehicle without difficulty 

during the last 2000 feet of the approach phase ,  if required, 

SIMULATION ASSUMPTIONS 

The landing maneuver simulation was ess entially according 

to the LUMINARY GSOP ( Ref. 3 ) . including the new items described in 

Ref. 4. High-Gate altitude and velocity perturbations were introduced 

simply by modifying the High -Gate aim conditions as required. 

To simplify the analysis, no guidance or navigation system 

errors were included, i, e. perfect IMU and LR were assumed. Also, a 

perfectly smooth terrain was assumed. No initial-condition errors were 

assumed pres ent at the start of the braking phase. Finally, the LR drop 

out boundaries were removed . 



Under these conditions it is expected that the simulation re

sults will tend to be optimistic, i. e. the permissible High -Gate deviations 

w ill appear to be larger than :in a realistic non-ideal situation. Care must 

be exercised in extrapolating these results to the non-ideal world where 

factors such as measurement errors , DPS -performance variations , and 

LR drop-out boundaries are present. 

VISIBILITY-INTERVAL RESULTS 

The effect of deviations :in High-Gate altitude and vertical 

velocity on the landing-site visibility :interval is shown in Fig. 2 .  The 

visibility interval referred to here is the interval during which the line -of

sight to the predicted site is at least 7 degrees above the lower edge of the 

LM window.  It is desirable that this interval be at least 7 5  seconds. 

From Fig. 2 it can be seen that positive High-Gate deviations 

in vehicle altitude and vertical velocity tend to reduce the visibility :inter 

val. These deviations ( vehicle is higher and traveling with a larger upward 

velocity component than jn the nominal case ) cause the thrust vector to 

pitch further away from the local vertical than :in the nominal case, in order 

to meet the Low -Gate aim conditions . This reduces the visibility interval. 

The sensitivity of the visibility interval to High-Gate altitude 

deviations is on the average about -15 seconds / 1 000 feet. The average 

sensitivity to High-Gate vertical-velocity deviations is about -0. 5 sec.  / fps. 

The maximum visibility :interval in all cases w as about 144 seconds. 

The sensitivity of the visibility interval to High-Gate horizontal 

velocity deviations is shown in Fig. 3 .  In the region of :interest it is seen 

that the sensitivity varies between -0. 4 and -0. 8 seconds/ fps. 

In order to obtain limits on the High -Gate deviations, it was 

first assumed that the maximum horizontal-velocity deviations to be ex

pected w ere about 2 0 ft / sec. This assumption is based on the various 

landing trajectories simulated up to this time. Using the data of Fig. 3, 

it can be seen that this will lead to a reduction :in visibility :interval of 

about 12  seconds . 
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Next, it was assumed that with guidance-and -navigation 

system errors present, the visibility interval would be reduced an addi

tional 1 0 - 1 5  seconds below the values given in Fig. 2 .  Accordingly, if a 

7 5 -second visibility interval is desired, it seems reasonable to enter the 

error-free data of Fig. 2 at a visibility interval of 1 00 seconds. 

Typical maximum terrain slopes are about 1 degree or 

1 00 ftjn. mi. Under thes e conditions it is unlikely that High-Gate altitude 

deviations will be less than several hundred feet. 

If the reasonable assumption is now made that the maximum 

High -Gate vertical-velocity deviations will be at least as great as the 

horizontal-velocity deviations , then one set of permissible 3 -sigma devi

ations is 1 500 feet and 25 ft/ sec. Alternately, if the horizontal and vertical 

deviations could each be held to about 1 0 - 1 5  ftj sec then the permissible 

altitude deviations could be increased to about 2000 feet. 

DOWN-RANGE DISTANCE WHERE DEADMAN'S CURVE IS VIOLATED 

The down-range distance from the landing site where the 

4 -second deadman's  curve is violated is shown in Fig. 4 for High-Gate 

altitude and vertical velocity deviations. The basic constraint require

ment is that this does not occur at a distance greater than about 200 down

range from the site. 

For the ideal conditions of Fig. 4 it is evident that the violation 

distance is relatively insensitive to High-Gate altitude and vertical velocity 

deviations . Typical sensitivities from Fig. 4 are 7 ft/ 1 000 feet ( altitude 

deviations ) and • 2 ftjfps ( vertical -velocity deviations ) .  

It can be seen that positive altitt.de and vertical velocity 

deviations increase the violation distance.  Even with deviations of 4000 ft 

and 60  ftj sec ,  however, the violation distance has only increased to 2 50 ft. 

Under these conditions it is felt that the High -Gate require

,--- ments imposed by violations of the deadman's curve are less demanding 

than those relating to visibility interval. 
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DEVIATIONS FROM ALTITUDE CONSTRAINT CURVE 

The basic constraint curve of interest is given in R efs.  1 

and 4, To simplify the evaluation of High -Gate perturbations , only the 

deviations at a down -range distanc e of 2 000 feet are compared, It is felt 

that the percent altitude d eviations at shorter down- range distanc es will 

be essentially the same. 

The effects of the High-Gate perturbations on the vehicle 's  

altitude at a range of 2 000 feet from the landing site are summariz ed in 

Fig, 5,  The maximum d eviations are s e en to occur when the High -Gate 

altitude and vertical-velocity deviations have the same algebraic s ign. 

If it is as sumed that the maximum altitude d eviations at 

2 0 00 feet be limited to 30 -40 percent of the constraint -curve altitude, then 

a reasonable s et of maximum High -Gate altitud e  and vertical velocity 

d eviations is 1 50 0 -2 000 ft and 3 0  ft/ s ec, 

CHANGE IN FLIGHT-PATH ANGLE FROM CONSTRAINT VALUE 

Constraint curves for vehicle vertical velocity are given in 
R efs . 1 and 4. For evaluating High-Gate d eviations , how ever, it is felt 

that flight -path angle is more meaningful and easier to interpret. To 

s implify the analysis, flight -path- angle d eviations are compared at a single 

down-range distanc e,  i, e ,  2000 feet. It is felt that the percentage devia

tions will b e  similar at the shorter ranges of interest, 

The constraint -curve flight -path angle at a range-to - go of 

2 000 feet from the landing s ite is about - 1 5  degrees, The effect of devia

tions in High-Gate altitude and vertical velocity on the flight -path angle at 

this range are shown in Fig, 6 ,  

It is difficult t o  say how large a flight -path angle d eviation at 

this range is acceptable, If a 5 0 -percent change can be tolerated, then a 

High-Gate altitude d eviation of about 1 50 0  f eet requires that the vertical

velocity deviation be limited to about 1 5  ft/ s ec,  If, on the other hand, 

.ltitude deviations are limited to 1 0 0 0  feet,  then the permiss ible vertical 

velocity deviations are increas ed to about 3 0 ft/ s ec, 



THRUS T VECTOR ORIENTATION AT 2000 FT. RANGE -TO-GO 

The landing constraints ( R efs . 1 and 4 ) state that the vehicle ' s  

pitch attitude ( relative to local vertical ) be smaller than 3 0  d egrees at 

2 0 00 feet range-to - go. The constraint curve linearly decreases to 20 

degrees at the landing site. 

The effects of High-Gate altitude and velocity d eviations on 

pitch angle at 2000 feet range -to-go are shown in Fig. 7 .  It is evident 

from Fig. 7 that the pitch angle is well below the constraint value and is 

insensitive to High-Gate variations .  
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SUBJECT: New Landing Radar Error Models and Weighting Functions. 

SUMMARY 

A simplified measurement-error model for the landing radar is de

scribed, including curves of the rms random and bias error components 

on a nominal trajectory. The terrain-slope bias ( 3 3. 3 ft/n. mi 1 -sigma) 

is the dominant altitude measurement error component; the random error 

components dominate in the ve locity measurement errors. In the new 

model the 1 -sigma Y and Z axis random errors have been increased roughly 

by a factor of 2 over the values used in earlier studies.  

Using this error model, a set of weighting functions have been computed 

to minimize the mean-squared errors in the present estimates of vehicle 

position and velocity. These weighting functions are similar in form to 

those in the current GSOP ( Ref. 4 )  in the sense that they are uncoupled, 

and in the treatment of bias errors in their derivation. 

The new altitude weighting function is essentially the same as the one 

in current use ( Refs. 1 and 5 )  for value of range-to-go out to 30 n, miles . 

It is much low er in value at the longer ranges.  The new Y and Z velocity

component w eighting functions are much smaller than those in present use. 

The X velocity-component weighting function is essentially the same as the 

present . one. 

Curves of computed w eighting functions are given for changes in various 

model parameters such as the terrain slope, initial-condition covariance 

matrix, LR alinement, and bias errors. RMS errors are pres ented for certain 

cases where the assumed measurement errors and terrain slope differ from 

those used to compute the weighting functions . 
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GENERAL INFORMATION 

There have been several changes relating to the landing radar (LR) 

since the weighting functions were originally developed (Ref. 1 ) .  The most 

important of these are the following: 

( 1 )  A new reference trajectory has been adopted for the powered 

landing maneuver (Ref. 2), based on a 60 -mile CM orbit altitude 

and a 9 700-·foot High-Gate altitude. 

(2) The orientation of the LR-beam axis of symmetry with respect 

to the vehicle 's  X-axis has been changed from 54 degrees to 

24 degrees (Position- ! )  and zero degrees (Position-2).  The an

tenna configuration has also been skewed -6 degrees about the 

vehicle 's  x-axis. 

(3) The range--measurement accuracy specification has been changed 

(Ref. 3) from 0. 5 percent of range ( 1 -sigma) to the values shown 

below in Table 1 • 

Table 1 :  Range-Measurement Accuracy Specification 

Altitude Range Range Accuracy 
(feet) (percent) 1 -sigma 

25, 000 - 3, 000 0 . 667 

3, 000 - 2,  000 1 . 0 

2 ,  000 - 1 0  o .  5 + 5 ft. 

(4) The velocity-measurement accuracy specifications have been 

changed to the values shown below in Table 2. 



Table 2 :  Velocity-Measurement Accuracy Specifications 

Altitude Range vXA Accuracy vYA Accuracy v ZA Accuracy 

(feet) (percent) 1 -sigma (percent) 1 -sigma (percent) 1 -sigma 

1 5, 000 - 6, 000 0. 500 0. 667 0. 667 

6, 000 - 2, 500 o. 500 1. 170 0 . 833  

2, 5 00 - 200 0 . 500 1.  3 33 1 . 000 

200 - 5  0. 500 0 . 833  0 . 833  

Lower Limit 0 .  5 f/s  ( 1 -cr) 0. 833  f/ s ( 1 -cr) 0. 833  f/ s ( 1 -cr) 

The velocity components vXA' vYA
' and vZA are along the X, 

Y, and Z antenna axes as given in Ref. (6). Previously, the 

velocity measurement accuracies had been modeled by the com

bination of a 6 -mr. bias error ( 1 -sigma each axis) and a 0. 3 3 -

percent speed random error ( 1 -sigma each axis) .  

(5) The altitude data-read flag is presently set at an estimated al

titude of 35, 000 feet, and the velocity data-read flag at an esti

mated vehicle speed of 2, 000 ft/ sec. This extends the range 

over which updatings can be obtained. The radar-beam lock-on 

problem is discussed in Refs. (4) and (5) .  It should be noted 

that there will be a time delay after the data-read flags are set, 

before LR updatings can be made (Ref. 5). 

(6) New terrain-model data have been obtained.  Previously the 

terrain had been modeled statistically as a 100 ft/n. m. ( 1 -sigma) 

slope away from the site. Now it appears that a 33 .  3 ft/n. mi. 

( 1 - sigma) slope is more realistic. Also, data have been made 

available on local terrain altitude variations in the vicinity of 

the candidate landing sites. 

(7)  Certain IMU errors have increased from their values assumed 

in Ref. ( 1 ) .  The accelerometer bias errors have been increased 

to . 0067 ft/ sec.
2 ( 1 -sigma), and the accelerometer scale -factor 

errors have been increased to . 0 1 5  percent ( 1 -sigma) . 
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This memo describes the current LR error models used in powered

landing maneuver simulation runs. Using these error models, LR weighting 

functions are presented which minimize the mean-squared errors in the 

estimate of vehicle position and velocity with respect to an inertial frame at 

the initial landing site. Weighting functions that do not minimize the mean

�quared estimation error are not considered here. The effects of changes 

in the IMU and LR model parameters are also presented. 

MODELING OF LR VELOCITY ERRORS 

The LR radar random and bias measurement errors are not explicitly 

defined in the LR specifications (Table 2) .  Only the total errors are given 

there. 

To circumvent this difficulty, the following procedure has been adopted. 

From Ref. (7) the r.  m. s. static alinement errors of the antenna configuration 

have been obtained as : 

a AXE = 2 .  0 7  mr ( 1 -sigma) 

a AYE = 3. 69  mr ( 1 -sigma) 

a AZE = 3. 26  mr ( 1 -sigma) 

where the subscript B is used to indicate that the alinements are about the 

navigation-base axes (not the antenna axes). The subscript A is used to in

dicate an alinement error. In the absence of information to the contrary, 

it is assumed that these alinement errors are not correlated with each other. 

The error in measurement of a given velocity component <"'vA.> as the 

result of alinement errors "'AXE' "'AYE' and "'AZE about vehicle ax�s is 

given by: 

( 1 )  



where the vector .!AB represents the antenna alinement errors (')' AXB' 
�'AYB' �'AZB) in vehicle coordinates. The matrix CBA transforms the 

alinement-error vector (_!AB) from vehicle coordinates (subscript B) to 

antenna coordinates (subscript A). The vector E:vA is used to compute the 

velocity error along a given antenna axis (XA, YA, or ZA) resulting from a 

radar alinement error (expressed in antenna coordinates). The subscript j 

in Eq. ( 1 ) is used to indicate the XA, YA, or ZA component. 

The vectors mvA· relating alinement errors to velocity-component 
- J  

errors are given by the relations : 

T 
VYA) !!:vxA = <o. -v

ZA' (2) 

T 
!!:vYA = 

(vZA' 
0, -vxA> (3) 

T 
.:!:. VZA = 

( -vXA' vXA' 0) (4) 

where vXA' vYA, and v ZA represent the components of vehicle velocity 

along the antenna X, Y, and Z axes. The superscript '!' is used to indicate 

the transpose of the related vector. 

Using Eqs. ( 1 )  and (2) the mean-squared velocity-component measure

ment error due to alinement is given by: 

(5) 

where the bars over the various quantity are used to indicate ensemble 

averages. The matrix .!AB .x!B is a diagonal matrix whose principal ele-
2 2 2 ments are the mean-squared errors a AXB' a AYB' and a AZB referred to 

earlier in this section. 

To obtain the r. m. s. random velocity error at a given point in the 

landing trajectory, the velocity-accuracy specification aSPEC· is first com

puted from Table 2 at the altitude of interest. The mean-squa:lred velocity 



error due to alinement � is then subtracted from the specification error 

a SPEC.
' as shown below to 

3
obtain the r. m. s. value of the random error av . : 

J J 

av . = }a�PEC .  - � <6> 
J J J 

where the subscript j refers to the velocity component of interest, i, e.  vXA' 
vYA' or vZA' 

The relations of Eqs. (2) - (6) are used in both Monte -Carlo and sta

tistical-analysis simulations of the landing maneuver to generate the random 

velocity measurement errors. Bias errors included in the LR-velocity error 

model are assumed to have r. m. s. values corresponding to the Ref. (7) aline 

ment errors mentioned earlier. 

MODELING OF LR ALTITUDE ERRORS 

In the statistical-analysis simulations of the landing maneuver from 

which weighting functions are derived, the lunar terrain is modeled as a 

constant slope emanating from the landing site. The model assumes that 

the constant slope is normally distributed about a zero mean value.  Previous 

studies have assumed an r. m. s. value of 100 ft/ n. mi. for the slope ( 1 -sigma) ; 

presently an r. m. s. value of 33 .  3 ft/n. mi. ( 1 -sigma) is being used, 

In Monte-Carlo simulations, lunar -terrain altitude variations are 

superposed on a constant slope to model the terrain. Current terrain models 

in use are given in Ref. 8. 

In both the statistical and Monte -Carlo simulations the random range

measurement errors are modeled in accordance with the data of Table 1 .  

For convenience the 5 -foot threshold is presently being modeled as a random 

error in the statistic�al simulations. 



COMPUTED LR WEIGHTING FUNCTIONS 

Using the basic statistical-analysis approach described in Ref. ( 1 ) ,  

LR weighting functions have been computed corresponding to the present 

IMU and LR error models, and the new reference landing trajectory. The 

simulation program used here determines optimum weighting functions sub

ject to certain modeling constraints. One constraint is that velocity bias 

errors and terrain variations are not estimated. Another constraint is 

that a given measurement is used to update only that component of the state 

corresponding to the measurement, i. e.  an altitude measurement is used 

to update altitude only and not velocity. In all cases the covariance matrix 

of navigation-system estimation errors at the start of the powered landing 

maneuver is the same as given in Ref. ( 1 ) .  The performance criterion used 

in the generation of weighting functions is the minimization of the mean

squared errors in the estimation of vehicle position and velocity relative 

to the landing site. 

The computed LH weighting functions for normal IMU and LR errors 

are shown in Figs. 1 and 4. A terrain slope of 33 .  3 ft/ n. mi. is assumed 

here. Superposed on these curves (shown dotted) are the weighting functions 

used in earlier simulation studies (Ref. 5) .  It should be noted that the alti

tude weighting function is plotted vs. range-to-go to the landing site rather 

than estimated altitude. 

From Fig. 1 it can be seen that the present linear altitude weighting 

function is too large at large distances from the site, i. e.  between 30 and 

50 n. miles range-to-go. This will cause the vertical component of the 

vehicle position with respect to the site to follow local terrain variations 

too rapidly. During the last 20-30 n. miles range-to-go, on the other hand, 

the present linear weighting function appears to reasonably approximate the 

curve derived in the statistical simulation. 

A few general comments on the shape of the computed altitude weighting

function curves are appropriate at this point. The predominant measurement

error in the current model is the slope of the terrain. This can be seen from 

Fig. 2 where the random measurement error is plotted as a function of range

to-go to the landing site on a nominal trajectory. At large values of range-to-
/ go where the r. m. s. altitude estimation error caused by IMU and initial

condition errors is smaller than the r. m. s. slope error, the weighting 



function is low. This can be seen from Figs. 1 and 3 .  With the slope model 

of 3 3 .  3 ft/ sec. ( 1 -sigma), the r. m. s. estimation error from the radar-up

dated IMU becomes roughly of the same magnitude as the slope error at 

about 30  n. miles range-to-go. Thereafter, the r .  m. s. altitude estimation 

error follows the terrain-slope error fairly closely, as shown in Fig. 3 .  

The change in weighting function between 30-40 miles is  fairly rapid because 

the variances (not r. m. s. values) of the terrain-slope and LR-updated IMU 

errors are compared in the statistical weighting-function computations. Dis

continuities appear in the computed curve of Fig. 1 at the point where the 

visibility phase begins, and also at the points where the altitude error speci

fication is abruptly changed (Table 1) .  

In regard to the velocity weighting functions, the dominant error source 

with the assumed model is the random measurement error. This can be seen 

from Figs. 5-7  where the random and bias velocity-measurement errors are 

shown for a nominal trajectory. In the weighting-function computations 

where error variances are compared, the random errors will clearly have 

the major effect. The abrupt changes in the computed weighting functions 

result from the method used to compute the random errors (described in the 

preceding section) and the discontinuity in the accuracy specification (Table 2) .  

It is interesting to note in Fig. 4 that the vXA weighting function is the largest 

of the three components for speeds below 500 ft/ sec. In earlier studies it 

was the lowest of the three components. The vXA radar measurement errors 

are the smallest of the three components in this region (see Figs. 5 - 7) .  

The data of Fig. 4 indicate that the current GSOP vYA and vZA weight

ing functions are somewhat larger than those computed in the current statis

tical simulation. One reason for this is that the random measurement errors 

as shown in Figs. 5 - '7 are larger than the 0. 3 3  percent values used in Ref. 1 .  

A second reason is that the orientation of the LR antenna with respect to the 

vehicle has been changed from that used in the derivation of weighting functions 

in Ref. 1 .  

In the data of Fig. 4 it has been assumed that LR velocity updatings 

are begun when the vehicle 's  estimated altitude is below 1 5, 000 ft. , which 

nominally corresponds to a vehicle speed of about 900 ft/ sec. With the new 

LR dropout boundaries in the simulation (Refs. 4 and 5), velocity updating is 

not begun until after the start of the visibility phase when the vehicle 's  speed 

· is only about 500 ft/ sec. 



In order to obtain a rough estimate of the random velocity-component 

measurement errors, straight line approximations were made to the data 

of Figs. 5-7 ,  The resultant ! - sigma random error models obtained in this 

way were : 

crVXA 
= • 45 percent of speed ( 1 -cr) 

crvzA 
= • 70 percent of speed ( 1 -cr) 

crVYA = 1 .  1 percent of speed ( 1 -cr) for v < 400 ft/ sec. 

0. 7 percent of speed ( 1 -cr) for v > 400 ft/ sec. 

It should be noted here that the specification threshold values must be in

cluded in the radar analytical model at small values of speed. Also, it is 

evident that the random and not the bias component of the velocity measure

ment error is the predominant component. 

EFFECT OF TERRAIN-SLOPE PARAMETER VARIATIONS 

The altitude weighting functions computed from the statistical simula

tion are, as might bE! expected, strongly affected by the assumed terrain 

slope model. This can be seen from Fig. 8 where the r. m. s. value of the 

assumed terrain slope has been increased from 3 3 . 3 to 1 00 ft/n. mi. ( 1 -sigma). 

Comparing the curves of Figs. 1 and 8, it can be seen that the major effect 

of the increased slope-model value is a lowering of the altitude weighting 

function at values of range-to-to beyond 1 5  n. miles. 

The effect of using the weighting function of Fig. 8 when the actual 

terrain slope is 33 .  3 ft/ n. mi. is shown in Fig. 9 .  The important point here 

is that the r. m. s. errors for ranges-to-go less than about 1 5  n. miles (or 

braking phase times -to-go less than about 75 seconds) are the same as for 

the weighting functions of Fig. 1 ,  which were based on a 3 3. 3 ft/ n. mi. slope. 

The fact that the errors are somewhat larger beyond 1 5 n. miles is less im

portant. The key requirement here is that High-Gate altitude estimation 



/-- -

errors be less than about 500 ft ( 1 -sigma ) to satisfy the visibility phase 

constraints ( Ref. 9 ) . From this viewpoint it appears desirable that the 

rms altitude estimation errors be made as small as possible no later than 

60  seconds ( about 1 5  n. miles ) from the end of the braking phase. As can 

be seen in Fig. 9, this requirement is met by either weighting function. 

VARIATIONS IN INITIAL-ERR OR COVARIANCE MATRIX 

The effect on the LR altitude w eighting function of increasing and de 

creasing the elements of the initial-condition error covariance matrix by 

4 are shown in Fig. 10. As can be  seen, if the quality of the initial con

dition information is improved, then the radar information is weighted more 

lightly at the larger values of range-to -go where initial-condition errors 

are corrected by the LR. In the region of prime interest, i. e. the last 

1 5-20 miles range -to -go, the weighting functions are not affected by the 

model variations of Fig. 10.  

The velocity-component weighting functions were also computed for 

the cases shown in F'ig. 10. No significant differences from the nominal 

case could be  s een. 

EFFECT OF INCREASE IN RANDOM ALTITUDE MEASUREMENT ERROR 

At large values of range -to-go, the terrain slope dominates the altitude 

measurement error by a large factor, as shown in Fig. 10. If the rms 

altitude measurement error is increased, then the altitude weighting function 

will be lighter than nominal at the lower ranges -to -go ( where random 

errors are more important ) becaus e of the poorer quality measurement. 

It is interesting to note that for the large increase in error shown in Fig. 1 1 , 

the decrease in weighting function is only moderate. It should also be 

noted that these w eighting functions are based on the criterion of minimizing 

the mean-squared estimation errors. 



EFFECT OF LR ALINEMENT ERROR VARIATIONS 

With the present LR error models, the random components of 

velocity measurement error dominate the bias components. Accordingly, 

a reduction in the value of alinement error will not significantly change the 

LR velocity weighting functions. This can be seen from the curve of 

Fig, 12  where the rms error has been reduced by a factor of 4. With an 
increased alinement error, on the other hand, the weighting functions are 

increased at the lower speeds as shown in Fig. 13.  The rms velocity 

estimation errors at these speeds are larger than those of Fig. 1 2 ,  which 

leads to the larger LR w eighting functions. 
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SUBJECT: Storing the Landing-Radar Altitude Weighting Function as a 

Function of Range-to-Go to the Landing Site. 

SUMMARY 

The predominant LR altitude measurement error is terrain 

slope bias. which is proportional to range-to-go to the landing site. The 

altitude weighting function should be related directly to the magnitude of 

this error • i, e, to the range -to -go, Profiles of altitude vs. range -to -go 

differ significantly from the nominal trajectory at ranges -to-go-larger 

than 20 miles on representative off-nominal trajectories. To obtain best 

performance under these conditions the weighting functions should be 

stored as a function of range-to-go. braking-phase time-to-go. or the 

down-range vehicle position in the guidance -coordinate frame. 

GENERAL INFORMATION 

The present LR altitude w eighting function ( Ref, 1 )  is stored 

in the LGC as a linear function of estimated local altitude, The new landing 

radar error model described in Ref, 2 indicates that the predominant al

titude measurement error is the terrain slope ( 33 , 3 ftjn. m. 1 -sigma). 

This results in a bias error whose magnitude is proportional to the range

to -go to the site. since the measurement actually desired is altitude rela

tive to the site. 



S inc e the major altitude measurement error is a function of 

range -to -go ( rather than altitude ) it is reasonable to consider the pos si

bility of storing the w eighting function in terms of rang e -to -go. 

ANALYSIS OF PROBLEM 

Optimum LR altitude w eighting functions to minimiz e mean 

squared estimation errors are shown for a nominal trajectory in Fig. 1 

as a function of altitude ,  and in Fig. 2 as a function of range -to - go. The 

magnitude of these w eighting functions at a given point is determined by 

the relative mean-squared errors of the radar -updated IMU and the radar. 

S ince terrain slope is the major altitude measurement error, the w eight 

ing function is basically related to range -to -go. 

If there w ere a unique relationship betw een range -to-go and 

altitude on all landing trajectories of interest, then it w ould make little 

difference whether range -to - go or altitude w ere used as the storage 

variable. The approximations in linear -fitting the curves of Figs . 1 
and 2 are not significantly different. 

It turns out, how ever, that the altitude vs. range -to -go pro 

files for representative off -nominal landing trajectories are significantly 

different from the nominal case. This can be s e en from the curves of 

F ig. 3. W ith the w eighting function stored in terms of altitude, as in the 

pres ent GSOP, s ignificantly different altitude w eighting functions can b e  

obtained at a given range-to - go greater than 20  miles, depending upon the 

particular landing traj e ctory. This is undesirable since the w eighting 

function here should b e  determined by the s ize of slope bias error, i. e. 

the range -to - go. 

Curves of braking -phase tim e .,-to - go are presented in Fig. 4 

vs range-to -go for the three trajectories of Fig. 3. As can b e  s een, the 

curves lie on top of each other. This implies that tim e -to -go to the end 

of the braking phase w ould also be a s atisfactory quantity for us e in storing 

the altitude w eighting functions . 



It should also be noted here that in the region of interest, the 

rang e -to -go is essentially equal to the down -range component of vehicle 

position in the guidanc e - coordinate frame. This quantity is computed 

during quadratic guidance modes for use in computing time -to -go. 
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I 500 fl: . 1 n  al·blude . and 20 f/s verit'cal velocrrr 

� Limiting Cond.lil'ons- Jre vlsib ilfty interval 3nd 
-rt,ght-pa�h anglP- devi-Jbon r · . 

' 
-
r-
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LR Al-btude Error A�rueL 
Qanqe MeasurrmEnt 

Old VJLUe : 0. fJ JX2rce,t (l-cr-)-+ t;r-t 
t'tcw Va lues: 
.mxo>h?3oco' 0. 66'1 percent (1-f) . 

3cco'> h?2cav' L oo p�cent ( l�f) 
I 

·. 2 Co;,> h > iO ' 0� 5 �1Ctnt \1-f}·+-Sfl: 

OLd VaLue : fOO Fl/n m. (1--rr) 
New VoLue : 33:3H/n.m . (Hr) 



\ Velocity trror Model 
, .. S pcctl Meast! r&rnent 

Old Value ; 0. 33 j{-:rcent. n-.r) eacb Ct'mronf'nt 
Q o 50 ft/S . tilleshcld ea:h O:ITf<.Ptllt 

New VJ�Jes : 
ClvxA� 0, Lj!) pctcent (1-rf) 
Gyy4 �j 0. 7 ·[t:flftrl: (i -f) +cr V >400 -F/5 

I .  I percer1t (1-.f) fer V < 4C'O F/t;o 
a. V2A � Q, 7 jX.;ltl:ITt (i-(f) 

threshdJ - - VXA == • --� -fl/s 0-tJ) 
· VYA = • S6" Fti, (Hf") 

VZA-= . 33 A:/5 (1-o) 

I . . 

I A L1 n erne.n -c 
i 

New VJLL'es : r:fX]-=2 ; , , ,-.(1--.-f) 
Urn �17rnr(HJ) 
fy:IJ=::3J mr (i-f) 
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Fig . 4 :  Velo crl:y -Comp?nent Weighi:i0J Funchms 

1. 0 Norm.3L n.\U ctrtL LR enars 
Sl.g:e = 3'.?:? n!n. tl!.i ( 1-s1gFo) 

". r- flrt::S>2nt lw::-21 \VVYA arv WVZA 
Wv ""'- / · 

. 

. 6 '"" 

0 
0 500 1000 

SPEED <FT /SECl 
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1500 2000 
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RUN NO. =261 
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LP AL-trtude l!Veigh-b ng FUrcboos: 
1. 0 

#-2 � Unesr to .-3 crt l<;J 0 

'� 5 � trunc. fl-t ±o cpt· fOr 333 flt�n; /-(1"" �'lee� :#: G ; II  " II " *' I CO f/rl lti 1.' ,, • 8 

• Ei 

• "t .  
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B,A,K OEG 
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IN]EPEN]ENT VA R I/-\BLE  US'E] n,J ALT ITaDE W�I G I-ITI NG FUNCTI ON 

· ]es , re · a  l Htucle w ith respect to srte 
· ]om inct nt measurement e n01� is ierrJi'll slo pe) 

Wh ich rs a direct flmct 1on oF range--to-90 

.. A Ltrtude vs. range-to-go wiLL change on off--nomwaL 
-tra jectories 

• Time-to-.90 vs. rartge-to-p sa me on Jll trajectories 
· Store WH vs. RGo or �0 tn ob+ain san£> wfl .fOr a given 

rn eas·uremen-t erro r  3nd tr;o befOre I� ig h-Ga-te 
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\ Monk-Cd rlo 'Runs with ] , tfrent We&hti �g FVnd-10nS' , Us1 n� 
Vres-errt GUidarce S'y5tem 

Weig h tin_g rund1on fDr A L-t 
Lin&Jr io o 5h 
Llhear to . 3  
lmeJr to �h� > drop over ldst cos .  

Une:Jri:o sr) drvp over la4 IOOS .  
tn?an-SJyafc>d min , 33.3 -Fhm l-1 s�e 

-imeJn-9jUJrtd mm- ICV Fhm 1--\f s4e 

��C 1 H-11JJ5� t:c�1Jl1 U Jslcpe IC , IMU, �kJ� , 
1q 1 -tl-<f tldcy .!t1q 1 -l-f +1 4eq ltflqt ..J I-{  -ld� I 
ll�IIG (R) I tlfl'"HG �!�G D.\I fJ)w; L1lrvliG I F&J cJI�F ilr/5) I 

' 
' 

370 -S4 2614 2 -r;qa - -:;0 I 
-'-' J 

44£ -q}J dt""Vf -4 -422 -2 1 
--

704 - 71 JG4!1 I -162 - ? 0 
I £3b �30 I 

311tf -2 -(;4q - 7  

qif l -£o atlf� 6 -4D:J -1 2 

�?{;� -1 3  -734 -6 
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Recommendations 
· I h h i  b it a Lt; tude updatings from glliclance system 

d_ u ri ng Last 50 SPc . of brak' 1 ng phase 

I Store alt itu de Weig hbn� +u ncbon vs range-W-so (o r ·bme,+cioJ 
Bes·t. to dLiif ·4t: GocJ � 

, 3  l_ .3 
wlj . l  _ _ _ wli 

o . 'lc, ·8:: o·'---1?�"'·-u r , _  . /,0 
'SO -

· Lower Y and Z veLoc ity- r-ornpon2nt wei9 h�1rig {un ctlcns 
to Li nearize thror:1 h , ;)5 +c, 30 at E�ro Spt"ecl 

• Cor rect L'R dropout prob-ferns on prto.st:nL traJPctorles 

\ 
I 



\ ' M on+-e-Carlo ·pUYLS' W ith ] lffirEnt \ GrrtroL Sc�emes du_n'nsJ lnst 

GUtDA"C� SCHE���E 
�ir5r·�t f\ ' C' '  t' t:ll biJ ICUJCe JChetrr? 
au�< Gwa - t11t-tb Fixed Q'e-ff over 

tasl !JO s. of h akl� plase 
�edlJrP Vt:tt c.hanneL £at{. 
liJmmand by (1 - 20/�) 
Ti1hii 1t Clft. updabnjJ ftan <tnh-dhr during Gst gJ s. af b11V, p nct"e 

.... 
-llq l , - �daJ > -l<r I M U  

L)H ir; f1VVI-IG 
l l l'lli ft I I UU - �4 F/s 

4� -2 

-zrq - 7  

365 - 6  

t ! J q l  )+ I  Jl:l/1 -Hf IMU ,+F + I IGl l >  +I d�. J -t- la1-i=' 

�fiG � vv�G fi� 1-JG DVVJ4G I 
436 fl: -l rv-1 rtc. I V ' · · - I 

R:;") Ft .., _  -1 2 / F/s 

��.3 g - 3  2 1q l  - 5  
1 77q -2 3 2651 26 

I 
1 648 s 1 G 5"7 10 

. .. 
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Enclosure 7 

Table 2 

Run Thrust Terrain Terrain Navigat ion H1U 
Slope Errors Errors 

727 . �!9 Nominal None None None None 

727 . 30 3cr low 
I I  I I  I I  I I  

727 . 3 1 3cr high I I  I I  I I  I I  

802 . 04 Nominal 2 ··P-8 No . 3 +1
0 I I  I I  

802 . 05 
I I  I I  

- 1
0 I I  I I  

802 . 25 I I  I I  0
0 I I  I I  

80�? . 06 I I  1 1  
- 1

0 
+1191 

I I  

302 . 12 I I  
3-P-11 N o .  A +1

0 
None " 

� '02 . 13 
I I  I I  

- 1
0 I I  1 1 

802 . 16 I I  I I  
- 1

0 
+1191 

I I  
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ONE PHASE GUIDANCE 

INPUT PARA MET E R S  FOR T RAJECTO RY CA S E S  

Run 
Navigation I MU Thrust 

Terra in 
Terrain 

error error di spersion s lope 

8 1 5 . 0 1  none none none none none 

8 1 5 . 0 2  + 1 1 9 1  none none none none 

8 1 5 . 03 - 1 1 9 1  none none none none 

8 1 5 . 0 4  none none none 3 -·P - 1 1#A oo 

8 1 5 . 0 5  none none none 3 ··P - 1 1#A +10 

8 1 5 . 0 6  none none none 3 ·-P -l l#A -10 

8 1 5 . 07 none none 3a- l ow none none 

8 1 5 . 0 8  none none 3a- h i gh none none 

8 1 5 . 0 9  -1 1 9 1  +3a- 3a- l ow 3-P-l l#A -10 

8 1 5 . 1 0 + 1 1 9 1  -30" 3a- h i gh 3 -P-1 l'*'A +10 

• 8 1 5  . 1 1  -1 1 9 1  +3u 3a- low 3 -P - l l_.A -1 0 

* Includes  mu ltip ly ing wei ghting function by 1 .8 



I N PU T  PA RA METERS FOR TRAJECTORY CA S E S  

Run 
Navigation I MU Thrust 

Terrain  
Terra in  

error error d i spersion s lope 

8 1 5 . 12 none none none none none 

8 1 5 . 14 + 1 1 9 1  none none none none 

8 1 5 . 1 5 - 1 1 9 1  none none none none 

8 1 5 . 16 none none none 3 -P - 1 1#'A oo 

8 1 5 . 17 none none none .3 -P - 1 1#A +10 

8 1 5 . 1 8  none none none ;> -P -1 l#A -10 

8 1 5 . 1 9  none none 3 0'  low none none 

8 1 5 . 2 2  none none 30' hi gh none none 

8 1 5 . 2 0  - 1 1 9 1  +30' 30' l ow 3 -P - 1 1�A -10 

8 1 5 . 2 1  +1 1 91 -30" 30' high .3 -P - 1 1#A +1 0 

8 1 5 . 2 3  none 
- . 003 rad . 

m i sal ignment 
none none none 



0 

� ocb=�= '' c ' !=':� 
'=: cO� ,�

� � c:== 
c:� '� � . � ""'--� -""-

1 00 

'-' i C'O- '  <� ' t== � i=; . ,. • �E:cof"c: � �• r=:= :""E" • 

-r- . c - : :"-':':§'� · �  , . ,  

I 

§� : � ':t:=c 

- :.•, 
f.=•• 

�"'�='f=rc�, : · r r= F  r E.= r=_ r• F' f  · . .  

� - t � 
l . 

. � 

I". � 
f.- �· 
"':=t-• 

· �  � CO �� �: 

� :c-.• �= . � r:=r=: 
. ,  � . -� 

_±I .. � 

� ,. 'f= 

200  3 0 0  400 500 600 
Time from u l lage i n it iati on, sec 

(a) T ime from i gnition, thrust and pitch from vertical . 

tC.�� 
�F e:_ 

� . 

· t= 

L::E= � . 

:c_ 

p

= 

C'
�-· 

.·. I.:C::L 

L 

700 

F i gure . - T i me h i stories of trajectory parameters for case number 802 .04 . 

800  



"' 
c. ...... ' 
>. ... 
u 0 
QJ 
> 

ns u 
=2 QJ > 

"' 
c. ...... ' 
>. ... 
u 

..2 QJ 
> 

ns ... c 0 N ·;: 0 :I: 

... ...... ' QJ 
-g ... :;::; 

1 0  X 1 03 "' 

. 
5 

r· 
0 1-
0 

-2 00 

-400 

�:" ·':c·· 

:=c· 

c 
I=· 

� · 

. - •  

I c 

r · . 

50  X 103 

ns 2 5  
� E :;::; "' 

-

; . .  

.. 

.. · 

::= ... · -· - �--
' .. --= . 

I _-

. .  

r-F--.-1:; 
._ 

' . I . 

• ::0 ·-c= •• " . 

- -�-"'-� '==' -- c=· ·-�'= 
I 

' h 
I •· ··.·. �§D 

- .. . : - . 
r• '1 . + . • I  t 

_ •. .c= ·-"..,.. """' ··-

. 
. -

'=' l=-c 1"= �- F  

! 

I 

w 0 -��W-�����-���-L���������-��-L�--�+-���-L� 

... ...... 
50 X l 03+r,-,-.,-,-r·.-�-.-..-r.-r-ro-r�-r-ro-r�-r-r.-r�-.-, 

•. 

. 

0 

0 100  �! 00 3 0 0  4 0 0  500 600 700 800 
Time from u l l ag e  initiatio n ,  sec 

(b) Vertical veloc ity ,  horizontal veloc ity and altitude . 

Figure • - Continued . 



1000 I ' ' � 
(.) . .. QJ 
"' 

' I 0 
0\ 
I 500 0 r--... ..... 
I f"""' k QJ E 

1-

0 I 
2 0 00 

.:t: I � 
' , r 

v 
" 

:::1 ..... 0 :z 
03 
03 ..... 
QJ 

0 

-2000 
2 c 0 :z 

(.) c .E 
0\ 1 c :.<: 
0\ r . 
QJ 

3: 
0 I I 

0 1 0 0  

!'"-
I 

r •.• - J 

-+ 
� ��oc 

I 
2 0 0  

. 

-� 
� 

ccc= = 

� ·= 

c.= 
�� cc• 

• 
· >  

--
= 

� t! 
�c �� 

I 

I 
3 00 

. .. 

-- r 
. 

r 

r--r� 

f'c· 
It • . , v fiiJ 

1 j 
400 500 

Time from u l lage i nitiation, sec 

. � � loc 
I 

c . �_. 

•-

• 

I I  I 

j 
600 

(e) Ti me-to-go, delta altitude and weighing function • 

Figure • - Concluded. 

I 
I 

l J 
700  800  



u 
Cll "' . 
s:::: 
0 :;::; 
s:::: 
C> 

E e "'" 
Cll E f-

..... 
s:::: 
Cll � ..... 
Cll "' 
0. :::0 .. . .., ..... ..... "' -c  2 Cll 

:5 �  .. 
§ 0  ..... 
.?£ 
..... 
s:::: 
Cll 

� ..... 
Cll "' 
o. :::> .. 

_ _..- ... ..c . ..... 
1) -c  

:::0 Cll .. ..... ..:: !IS ..... .. 

1:i 'E  .. 
"' 
Cll 

0 

e !  e • 

1 000 

500  Eo�'' 
F -.!="'� - -_ _  F f -

--r �.§= � , - -
E •• _,: :cc: 

� .  ::- -· 

. � ��""� 
• E"= E-'= -� •-- --

r f 

..
. � � !c-. 

I ....,.b-
�-

� r-- c �� � 
"c. � � f- .. 
§ r• • 

'7 - 7  

a ���;r±f!- �!�- �t::.-�·-��--�f���E�E�E���E�E��-�-� -E���- �-���E�E������������!�����t������� 
1 0 0 - . . - .. �-� 

-t--t-----+----+--+--+-+-+-+-+1-+-+-t--+-
_
-+----j 

50 

0 
200  

100 

0 
2 00 

.. f �= • ·-. � .-.�_ r��=c� • --�' -� . � 
i=c�� I '- f- , ��·· � 

·-_� - -- l + � : -- r •. � · . · r. r' 

+-

=�Fe ; - .= cci• 
--

�- � •: -r • �. •� ""' •== � --._ 
"'' � � � � � 

� r -
"· ""=�' c ' • •• ,= 

- I I 

::;; "iii 1 0 0 
.l:l .!:! ·- t! c... g! 

0 

0 1 0 0  2 00 3 00 400  �;oo 600 7 00 
Time from u l l ag1� in itiation,  sec 

(a} Time from ignition,  thrust and pitc h  from vertica l .  

F igure . - T ime histories of trajectory parameters for case number 802 . 05 .  

! 
I I 

800  



u .2 
QJ 
> 

"iU 
u 

t 
QJ > 

5 

0 
0 

-20 0  

2 5  

0 

c :: c ' - ' c : : I cc --- C"-"0� Cc g· c 

. 
b:, ' 
f-

"•o 

I 
---- • F  �--_ 

_ - .. 
- -- . _··.. -

_· 

1"-0. - . . 
l - ·1"--�-o. . ,  

c .  f- c 

t I .  · 

...... 

_·· 

. .  

fcc I ·  

_. · � 

..... . . 
. c ""'\. 

. . 

. . 

. .  

c .  

50 X l 03-..-,-,.-,�,-,.-,,-,-ro-.�-.-ro-�.-.-ro-.�,-.,-, 

-
QJ 

-g 
:5 2 5  
«l 
QJ 
" ... 1-

0 
. 

_ · 

0 1 00 

i --

200  300 400  500 600  700  8 00 
Time from ul lage initiation,  sec 

(b) Vertical  veloc ity , hori zontal velocity and altitude.  

F igure • - Continued . 



1000  
u 
QJ "' I r ' 
0 F _:_ 
C'\ 500 I 
0 

_, r-
I 
QJ t-: .... 
E 

1-

0 r-
2000 

� -/ ' 
-" :::! 0 _, 

nl 

nl 
_, 

QJ 
Cl 

-2000  f-
2 

s:::: 
0 :;::; 
u 
s:::: .a 
C'\ 1 
s:::: 

� 
C'\ 

QJ 

:::: 
0 I 

0 100  

r--

_:_ _:_L 

l::::::b, 

+-+--+--+ 

Jl 
t-- � 

k::: 

l 
2 0 0  

- -
L L  

Li""'--L 

_l 
3 0 0  

' 
I ·· ···· 

l r-t--�--;... u 

\,., \ 
' I  

+-+--+--

-"'"" 

I I 
4 0 0  5 00 

Ti me from ul l age i nitiation, sec 

··. 

r-,..._ 

l 
\ 

I 
: . .  

I 
600 

(e )  Ti me-to-go, delta altitude and weighing function. 

Figure ... Concl uded. 

: 
• 

--+----+----4 

r 
I 

+--1 

i 

i 

I I 
700 800 



. 
t: 
0 :;:; 
t: .� 
E 
12 ..... tl) E 

1-

500 

- �= � i== E� -
'"" �' < ' '- c- = 

: - � - '=I=-" - �= '  
' _ , :�_='- ,� -- ' 

. , .  

-----

""' c_= :C ' c=: ,::-
''::Co=c ' - -:�C'=p: - f- -- ' - 'oc' � o= = 

�,- "�c_-..c:· - _  

� - -- f-
- __ , �- - - - ___ - ' ' .I--cc l 

''F :·=o=: �: - c 

' -- ?� co_ ' 
' ' 

r=:- --

-} - (,· 

0 
100  

����������-������-r��-r-+-+-+-+-+-+-+-+-+--+-L+-+--+-L+-+-1 

0 
2 0 0  

1 0 0  

0 f--t 2 0 0  

0 

j 

- -

L 

0 

_ ,,, --

I 

-- -• 

I �  

-- ' -- I - �� - --

t -

1 00 2 0 0  

' 

�= _ __ 
-
__ � - - -r=: - � -

--
- _ _ 

3 00 400 500 

I _ ==cfc= _cc,: -' -_ _  
1 - ,--- f , 

=-

_- --

600 

·- -

700 
T ime from u l l age i n itiat ion,  sec 

(a} T ime from ign ition , thrust and p itc:h from vertical .  

Figure . - T i me h i stories of trajectory parameters for case number 802 . 06 .  

8 0 0  



/ � 1 i 

1000  
(.) <U 
"' 

' 
0 
0'> 500 I 
0 ..... r-1'-
I 
<U t--. t--E -t::::: 1- r -

0 -- I r-� 
r--+ -1 

2 00 0  
.:t: 1!!. 
( 

..... II I :::l .... 0 � '\j \v-� 
Ol 
Ol ..... 
<U 0 

-2000 I-+ -+--+--+- --1 
2 

= 
.!:! ..... 
(.) 
= -,....... :::l ..... 1 0'> 
= 

..r:. 
"' 
<U 

. 

s: 
0 : 

I I I l _l J 
0 1 00 2 0 0  3 00 4 00 500  600 700 800 

Time from u l lage initiation, sec 

(e) Ti me-to-go, delta altitude and weighing function. 

Figure .- Concl uded . 



' 
s:: 
0 :;::; 
·;: 
-� 

j 
Ql 
.§ t-

Cl E �  e , .,._ _  ..c �  0 ·-;':: � Q.. CII 
> 

500 -

I 

. . 

·. ··. 

···· · 

� :CCI=- - � 

c=�-· . 
-· - ,,- � -_· r 

, L c 
- fo  · r ·- ·. ·· 

_: fcc I ··· I . 

I 

I . ' - -I -
. ,. - .  . .. _-

. 

'/- I ) 

- �r  
= 

c:' = t-· F==l:o::: 
� 13= .  , �=o  ·:�. 
f'=�- • '-= - r= r 

- � � += 

. 

[.o ,  . - - ,:j . 
o ����-P��=+��r+-P�r+-r�r����r+-r�r+��r+�� 

200 ��-- ���4-+-+_-. +_--��-�.-- �, ����_ .. 4-__ .4-. 4-+-+, -+--+-+-+--,r • •  �-. ��4-4-4-+1-+-+-+-+� 
. ... - -� �� -. -

• . _ ""' ·.� ·� -· - �·�=·-· · �=��· I · i==:c :f", J= 

I 

0 100 300 400 500 600 
Time from u l l age initiation, sec 

(a) Time from Ignition, thrust and pitch from vertical . 

700 

F igure . - Time h istories of trajectory parameters for case number 802 . 2 6 .  

800 



ld 
"' 

1 000 �·. 
. 

c: 
0 

. . 
.. . 

·;: 500 .2' E e ..... 
Cll .§ 0 1-

f-

.. 100  c: 
Cll 
1:! .. 
Cll "' 
0. :::1 

.. - �  .. ..  50 2 "i  
� .. .. � 
� '0  .. 
c.J <( 0 
.. 200 c: 
Cll 

... "' 
::I .. 

· �  -:;; .. 100 :::1 "'0 .. Cll � .. 
.. 10 

"i .:: .� 0 "' 
Cll 0 0 1-

2 00 

E ar e -o  ..... _:: 100  � 10 .B .� 
·- � O... CII 

> 

0 

0 

:o= , , 

... c 

-_. 

100  

f ·  Fe 
. 

...-· I--
.. 

- F  
r=: .  

_ .... 

...... 

. -f.• .•• ',.. . 
· -r  r f 1 ···-

2 00 

F.: 

··� 

� . . f"= F."F == 

== · �  
·-·� . � 

c. �:= .• 

. . 

I'' I 
. 

I . . . 
. .  . 

. 

.·. - ·  
E'c-; co:-k'' :. :=-• 

..·.· . 

F' f -""' 

. 
:· -.·. 

. .. 

. ,. 

300  

. . ·. .- . .  "'·.· ' CF 
�,. ·. 

== ' ,. L--
I--

=-� 

. 

-
1--. 

. .. . 

: 
.· . 

-cj I-' r-. I 

400 !)00 
T i me from ul l age i nitiation ,  sec 

l . . .  1 �  I · 

-� I -
L--I-" I= 

I--

t--

--
... 

600 700 

(a) Time from ignition,  thrust and pitch from vertical . 

Figure . - T ime histories of trajectory parameters for case number 802 . 12 .  

7 - J ,; 

800 



al 1000  ., 
. s:: 0 :;:; i . 

s:: 500 .� 
E e .. � C--'---"' E 

1- 0 f-..., 100  s:: "' 
1: ..., "' ., 
c. :::s .. . 

• ..<:: ..., ..., 50 2 -g  
..s::: ..., "" "' .. "' ..... 
:::s 0 

I ..., (.) <( 0 J 
f-..., 2 0 0  s:: "' 

1: ..., "' ., 
C. :::s .. ..s::: ..., 
� -c  100  .. "' ..s::: ..., "" "'  
-g �  .!::: 0 ., "' 0 c 

2 0 0  \-

E .!' e . 100 � -
..s::: ru 

.B ·!:! ·- � C.. "' 
> 

0 

0 

. ··· 

� ...-

. ., 
. 

100  

--�� -

-t--1 

-t-
. 

--+-

2 00 

"-"' 

I 

I· 

I· · 
. ..-

� 
--

. .. 

--.. 

I 

""'' � 

F= 
�.;. 
I · 
I 

·-

I " 
-- --

f=• '" 

-·· 

3 00 

.. · . 
-· · -

· . 
"'' -

· == . .  
-

-- ·· 
.. 

. 

-

,. , 

... 

: -

' . 
-

"'"' 

� -

·- IJ I.. ...... 

'-·t--

-+-+-+-

fl. � \ ...... "V J 

400 500 

. . 

cO 

'-" ........ 
r- . . . 

r 

I 

-r-:;. 
I · · ·  -• 

600  
Time from u l l age in itiation, sec 

. 

-

1--r--
.. -·-

. 

-

....... 

. 

7 00 

(a) T i me from ign ition , thrust and pitch from vertica l . 

Figure . - T ime h i stories of trajectory parameters for case number 802 . 13 . 

1 - t 'I 

� 

800 



1- l f  

1000 I 
0 
QJ "' L 

� 
0 .. <. [:::_ t=.:c 
en 500 I 
0 ..... 

. 
-� r ·· 

I 
QJ r-"-- I 
E -t-..... 

1- I .... 

0 r-� _I r-
f------1 -+ __, 

2000 
a: 

� ,, , .. . 
._ I 

� 0 ..... 1\ t-'. . 
n:s 

5 
QJ 0 

-2000 f-1 -+ -1 
2 

c 
0 � 
0 
c 

.a 
en 1 
c 

� 
en 

� 
0 I I I I I I ----- I I 

0 1 0 0  2 0 0  3 0 0  400 500 600 700 800  
T i me from ul lage in itiation, sec 

(e) T ime-to-go, delta a ltitude and weighing function . 

Figure • - Concluded . 

-----



C1l E 
1-

..... 
<: 
C1l 
I:! ..., Cll UI 
C. :s  .. 

' ..<:: -:;; ..... 2 11 ..<:: ..... 
...., ra .., .. Ql ..... . � 0 
"' 
C1l 

0 

1000 

500 

50  

... . . 

. .. 

.··•· ·to.·� . 
c c .co - ··=cc� L-->-· 

, • ec.� ·• ·• • 

·· .. • • • : 'ic i :� I 
• • . • :C::· ... J 

: . 
. � - ··.· . . 

' 
r . ... 

7 - J \,.: 

---

. .. · 

-
-

0 ��������-+-+-+-+-+-+-+-+-+-+·��+-+-+-+-+-+-+-+-+-+-+-+-+-� 
2 0 0  '"' • .-,-. .-. +-.-.-T-r-r-r-�r. •  ... ,r-.-.-.·-r .... -.-.--.-.-.-r.-.-.-.-.-��.-ro 

100  

0 
2 0 0  

0 

.. 

. . 

0 

I ·· .. 

···· ' .· ... 

100  

. -

. . 

2 0 0  

I 

.. 
. . 

3 00 

' 

.··  

400 

' ' 

500 
T i me from u l lage i n it iati on ,  sec 

-

600 

(a) T ime from ign ition, thrust and p i tch from vertical . 

7 0 0  

Figure . ·- Time h i stories of trajectory parameters for case number 802 . 16 . 

8 0 0  



1 0  X 3 <II 10  t=c= .E-' i'c= 
» . . < r=c ::: 
0 ' �,, .2 > Qj 5 > 

� ' ,;:._· 
s:: : ' c '  0 N ' �-•==: ·;: 0 0 :I: 

<II 0 �-
0. ' ..... ' ' » ..... C-
0 

.2 -2 00 Qj ., 
> 

"' 
0 
t 
Qj > -400 

..... 50  X 1 03 
..... 

0 

- - c. �= '"'-1=' f c -"' ;=F=f= ' :CCI=� cc_ 

I '-T ,. . .·cl �· lc . ·c __ _= 

. "' . � r=-=:t=.'-1= 
C ' . :rc.c: 

E · t=·F · - · r · :: rc=-. ·c. I . . . C 

F"b . · r -- - .• :. :: :.:=r - + . 

---� c: 
-
_
- F: F ·--

r 1 . 

100  

' '  ·���- _ - _,gE_,, [- - :::_ 
--fos : T.:"t..: 

- .. - - _-: __ c.='E't=- LZ -"" ' ··-=- 'c-<c 

t-..._ 1 --.... :-..... 

2 00 300 400 500 
T i me from ul lage in itiation,  s ec  

. ,  - , : - I: 
I • c c . 

-- I 

r-
I -

I-

600 700 

(b) Vertical veloc ity , horizontal velocity and altitude. 

F igure . - Conti nued . 

8 0 0  



1000  
al �·.·. · . . �·· 

C . C 
Ill i : f=' . . -
0 .. ··� ceo "'=· . , .. 
0'1 
I 500 .s 

, =:  .. -· 
� .._ i I c I Ql 1-f-. . . E -1--1- -1-- r-,_ 

0 - J r-1-- h. 
2 000 I- -+-

[ 
I 

Ql 
"B ..... 0 ::; 

s '"'11' A I ro I ..... ! J\ 1l v :-..... -"" 

"' 
"' ..... Cii c 

-2000 1- ' +-+--+--
2 . 

c: - . ... 
0 ::; 
u 
c: -,... ::s ...... 1 0'1 
c: 

..<:: 
0'1 ·a; 

3: 
0 

0 1 00 2 00 3 00 4 00 500 600 700 800  
Time from u l l age  in itiation ,  sec 

(e) Time-to-go , delta a ltitude and weighing function . 

F ig ure . ·· Conc l uded . 



7 .  1 7  

� 1000 . . .  Ec "' 
' 

c 
0 :;:; 

� . � . �� = � --. ,  • iOC• '"" c . :t=--

g, 500 1--t--t--t--t-····=�=·-· :�•r��- t-��ct--t--t-f-t-��-. t-1,==�r:"'-�t-'��: •'- c:__:t-� � _ E � ..... 

.... 5i � .... 
Q) "' 
C. ::I ... �-fi "' -o  2 Q)  £ CO  ... 
<0 ..... :::1 0 
.... 
u < 

0 
100  

�=e._ 

50 �·-

' . .  · - �.-c==.- -
c=-• E : tc-•- '=' Fe-

. 

- �- - � •• � ..... ::__ � c. c -

EC-- ,.__.· !'=' � 
_· • �='· . •  :==: � - l�F 

o 
r: - . 

: F= -
rc� ·�· .�o= - e=_ . . .  _ 

: 'I� ·-cl:":=: �-t=-� - -� I :  
��=- ·- - fO •- ,• t ·. ··· -=-

·= c· •. • .  c..-t=e.§ "-
. •- · · L I· t=·· 

I • . . tc'c 

::.."=co" 
:'cc=� g.. 

- - I .  ' § -

200 ���-+-r-r�-r- � .. =-r+-+-��-r-r-r�+-·r��-1--r-r�+-��-r-r-r�-� 
�-��-- �� ����-· ==rc�: r, �,-��-+-�-+-+-+-+-+�r-�-+-i--+-+-+-+-+-+-+-+-+-+�t -r-
I · I · I 1 - --100  ���-+-+�-r_ ;-4-�·+-r-����.�r�-r-r-+-+-+-j--��-+-r-r-r-r+-+-r-� .. _:--. 

0 ��-+-r�·�·-+-r-r-�+-�t-+-+-r-r+-t-��-+-r-r+-+-��-+�-r+-+-
200 ��-+1-�-+���--��+��-+-1-T-����T-f-+-1-�-+�+-�-+�+-

_-

I 

0 100 200 300 400 !>00 600 700 800 
T ime from ul lage in itiation, sec 

(a} Time from ignition, thrust and p itch from vertical. 

F igure . - Time history of trajectory parameters for one phase guidance case 8 1 5 . 0 5 .  



<II 
- c.  !! ..... 
c � o >N _,  'C '(j 
0 0 

::I: Qj  

<II ..e-
.. � 

u 
0 

QJ 
> 

iii 
u :;:; 

> 

5 - ' . 

'-'
I-'-

,,- . 
-



=:= ., f' ·F-· _, 

0 
0 

E § . !=='=:.' 
E oc 

[ • ·-� - I"""' f'... c= 
� F�� �....._ 

-=- : ·: _,:�··· � 
: - =�. ·: : • .cot=.: = co.: 

·_ . 1 :  

. =:===: .. -=,�� ::-- ,,�== ·- ' -- = 

'= .. . _,_ : 
� � . -

·_ . . = , �r-=· r�t=�'= :== 
. ""§E:': �'"" ; �� �· � -

f' l== - =· ·� 

·
-

�
---

!'='- --
. ==-' 

_, . __ 

I 

. , 

..=:c· l.='l'= - 1==1=.· 
·.·· �--· cc:= . ·� 

•= - � :ccc==- -

-- =' 
�.-: : ' .. 

§ I 

_,_ = ==o= - ' ="== . _. �-=, . c:c: -:.=:= 

=- ..... ='= =-
...,.. � . 
:cc == C'· - ,· . .  

= § �· - F= I 
. .. '':::"' !"::. 

·_ · · ""= != 
. 

. . 

7 - l o  

· . 

Iii > 

� 
QJ 

-o .3 :;:; 

-40 0  
50 x l o3-rrr+-���--.r-t-T.-r,_t-�-t-r-rt-�-t-r�+-�-t-r�+-�� 

r-���-+-+-r-r-r-i-t�-P�����1-1--�+-+· �--+-+���1-1-4-+-+-+-+-4 ' 

t<S 

13 Ri E :;:; 
<II IJJ 

.... ..... 
� 

QJ 
-o 
::s .... 

� 
t<S 

QJ 
::s .. f-

25 

0 
so x io3 -H4=F4=F���=¥�t-rT-r��-r-��l-t-r��-r��-+·-r-� 

2 5  

0 



' 
c 
0 :;:; ·;: 
en 

E e ...... 
41 E 

1-
..... 
c 41 <.> ...., � <II o.. i; 
..j' .s 
"' "  
::s 41 .. ..... 

..e ra  ..... .. 
- ...... IG o 3 
� 
..... 

r 

..... 
... <II 
O.. ::J 

.. � ..c  
"' ..... 
::s "  
.. 41 .s n; 

., .. 
41 ...... ·= 0 

:a c 

E Z' 
o " 

� ' ..c iii (,) (,) .... ·-·- 1:! 0.. 41 
> 

I� � .· 

� � I'> 
500 

I== 
1-= 

��r:- � 

� I=.,, ...-
I -���� �� 

0 I 

.· .. · � 

� ' f= 
� 

·. f= � : 

50 "'' ='E=l= 
� §=I� f=·• 

0 

. �,. � ··� 
�"'' '"'E � �, 'cc F' t=•§, ""' � ' 

��o:c� � � I•� I= 

��'f=c ·� I ' .� F ''·�'I== F · � = i='c 
E:�� i=ec' � <= F-

� �1"'' �,�� · �· 
��=', � t= �=c .· , "''!== ,. F "'' 

� � 

7 -? I 

. 

I 
c'= 

�' � . � 

· . 

� I f=c� 

,,�� � t'= � 

� ::=c.:: l � 

It . .  

r=c: " � � 1QQ C: �f=c F: , i== � �� 
�� � w�����-+· �-r�=�·· r

�
��+-+-� 

' . , �E�E �' c ' c J= "'''I= I= fc:, ��'� · �� E � §= t== � 

� '' �f":t=:' t k � 1-':�
�t-c ,, >'-- • �,F F-=� 

� . � F __c_ 
'= � � t=te_ 

200 f-·,�, bE� ,.,, f=-11=�;+-+--+-+--+--� 1-cE·=,,t=f'C��,��t-=-· F=f=-lf=F-_ -i!=cC"_+: ,;,1=�-��-t.�:_-t. -:ct::--t-�--t--t---t---t-�-i� !=cr� ,-i� -t--t-t--t---t-��--t--l 
c.C :3 c::oic= ,:, · · · ' ::�E' ., ' E'-E E' . � 

�. �" I= : '"'b I 
' � �  � � 

Time from ul lage in itiation, sec 

Cal Time from ignition, thrust and pitch from vertical , 

L 

Figure . - T ime h i story of trajectory parameters for one phase guidance case 815.06.  



1 0  
"' 

- c. "' ..... "'"' "' � 
0 >. 
N �  ·� ·u 5 
0 0 

::I: Qj  
> 

0 
"' 0 
c. ..... 

� 
>. ;:! 
u 
0 -200 C1J 
> 

ra 
u � 
C1J > -400 

"'"' 50 
-� ..... 

� 
C1J 

"'0 
::> "'"' 

:;::; 
"' 2 5  

"'0 
C1J "'"' "' E 
:;::; "' LLJ 0 

50 
"'"' ..... 

� 
C1J 

"'0 
::> 25 "'"' 

.:: 
"' 
C1J 
::> .. I-

0 

X_j.O 3 

. 

-

= . . -. 
- c 
.. · 

. 

= . 
-

.· .. .  =- Cc 

. .. 
. · 

X 103 

X 103 

..... !"' 

0 

... 

� 

. 

..•. 

--

-

- . 

-

..... 

. 

..-

-

-

. 

-

100 

-
-1--

-.. 
........ ,..... 

-
....... !'-.. ....... 

� -- -

---C- - '--1-

t--
---

-- --

200 

I 
1-": 

F 
-

I • -Is-
- · . . 

-

1 ···. . .. 

.· 
.. / 

-

I 

.., 
1'\ 

1--. 
....... .._ 

-

--

r-. ........ 

--

.. 

-- .. 

. . 

/ ...., 

_ .. 

. ·  

-
- --· 

-

-

-

..;J 
-+- · 

r--
--

- 1--

· I-- I--
m-

---1--1- - --

-

-�f-. 

400 500 

·· I--

1- I-!'-.. 
·-- -

r- - -

-1 -

--

T ime from u l lage initi ation, sec 

_......,.... 

- - 1-

-

-·--

1 -
r:-: 1:-:-. 

-- -

. --

- . 

r--

600 

;...-f-

- -I--

-

- --

. 

(b) Vertical ve loc ity, horizontal velocity and alt itude .  

F igure • - Continued . 

.. 

--

-

i -
I 

I -- - J I 
! 

- ·-

-f- -- - - -

- - ·-

--

700 800 



E e .... 
OJ E 
i= 

.... 
<:: 
OJ 
tJ .w  
.. "' � 2  
.j' -:5 
"' "'C 
::s OJ .. .... 

.J:: nl .... .. 
_ ..,_  
nl 0 .a 
.:i 

.::: 
OJ .... 
c.. "' 

' 2 
t:: -:5 2 �  
£ �  
"'C .. 

OJ .... ·= 0 

� c 

500 t=· 

0 

.... .; J go= -. .  �� t=_:o� C·!=,� . . 

[• .b 
. . • : . .  ··· ·'he.·· · . : . .  c:· ·  

··'TO:' .•='f= · · 

. . . ·� 
� 

..

. 

100  

�Fo���!·'�E;-���5j���F�· ·j· -�: . . ;.��· ·.�· -;j ... ' ii!��-�- ���;I����-� .
. I�···,��-�-�· �E··�· �·- .�. ��� . .  �-l����� 

�� · � · �� �  €F� " � - ·  · . so e=. •r=-· . r=· · 1 ...... . 

0 

•• F• · ··.�r=t= · •  

� �� � s� F l  · · · : . F' · ·:· . 
+ 

:"': F ·�:cl · .. l 

200 ����=+=k���·. hr�1r . . . -r. -t-t-ri-t-r�-r-t--t-�-t-r-r�t-�ri-t-T-r1-! 
I : . /'·• 

: I .. ... .·• 100 -'· ·"' -'c -'· �·· 
=·• ;:.;_ •. 
• •• •  ·.c. • 

200 _ 
. F'� 

. I · ·· 
- +++-+-+---H-+- t-r--

I 
. .. �. • . • . • . . •  I"' 

,_ 0 ���L��-L-i��.��"�_J���� ���� - - -�-�J_LJ_ILJ.��i�-L�J 

0 100  200 300 400 500 600 700 800 
T ime from u l lage in itiation, sec 

(a) Time from ignition, thrust and pitch from vertical . 

F igure . - T ime h istory of trajectory parameters for one phase guidance case 8 1 5 . 0 9 .  



"' 
- c. ra ..... ..... 

c: • 
0 >
N � 'i: (.) 
0 0 

::I: Q;  

"' 
c. ..... . >..... 

> 

1 0 X 10  3 lr . .-r, �:,'l� -: --,---,--,-,--,--.--,--rccr-,-,,..,-r-r-T---r-.-c --r--r-.-.--.--,-,--,---,--,-T-, 

5 

0 

. . . 

F� - - 1 '  
I - -
I -

. "':�. "'··� ·· I • . 

. 

. : 

,----- ;..;:: . 

i=. I 

... . 
. ·.· 

0 1 - r=:. r- - . ... · .. . / r-1-1 �+-+-+-+-+=t--=-··+"'�-:+---+ ....... ,..d -+-+' -+ .·. -+ .. -+-+-+1""'11" __ - +-+-+-+-+--+-+ -+ --t--t--t--t ' --f--f-·-j---j r +>' .....,,.; · - - - · k- .  -
L · �-b ·c_ -- -........._ . o:P. · ·  +l-+-+-+--+-4--+--+--+--+--+--+--+--+--+-(.J 

0 

Q; -200 .� . .. . . . > 

<G 
(.J � 
Q) > 

. 
Q) 

-c 
:::> ..... :;::; 
"' 

-c 
!l "' E :;::; "' UJ 

..... ..... . 
Q) 

-c 
:::> ..... :;::; 
"' 
Q) 
:::> � 1--

-+--+-+-+-+-+-r-
-400 f--l---1---l--l-1---l---l---l--1---l---!---·--f-+---+-++-+-+ --1--1--t----f--t--t--t--t--t--t--t--t--f--f --

50 X 1 03 -tt--t---t---t-+;;;J;;::_::t--t--- -- l - -- 1-- -- - -- -- -- --- +-+-1---t--t--t-+-+ 
,.._ I I -- i I 

-

2 5  

-+-+--iJ--+-+-+-+-+-+-+- L-"� -L -f- - - . --- - f- - ·-- -· --- - - - - - - f 

--t--t--tl--t--t--t--t--t--t-- - --l-+11r-f\-+ r-t--- --- - - - - - ·  -f-+-+-+--i-+- - -
f--1---I---H--1---I---f--j-1---l---l---l---+- -t-+--1 \\<+ -- f--1-- - f- ----- - ---- -+-+-+-t-+-+-+-+-+-- !-

0 
50 X 103-+-t---+-�t---+-+-t----+-+-r-t-+-r�-+-t--t-+-+�-+-�-+-+--+- �-+-+-�� 

· -1- -t-t-t--t--- +-+--i 
25 - .)_-. 1'-. -- --

...... - ..... 
- f'.., -· · 

...... 
0 - -'--

_ c_c__ 

0 100  200 300 400 500 600 700 800 
T ime from u l l age i n i t iation, sec 

(b) Vertical v eloc ity, hori zontal veloc i ty and altitude. 

F igure • - Continued . 



u 1000 <1.> 
Ill ' 

� 
s::: 

.!:! ... L 
s::: 
t:n 500 E e I 

..... 
<1.> E 

i= 0 
.... 100 c q) � ... q) Ill 
o. ::r  .. 

� ...::: . .... ... 
"' "" 50 2 �  :5 �  

- ..... � 0 .... 
u c( 0 
... 200 s::: (jJv-� 
< c. ;:;  .. 
-:i £  
::r ..,  100  ... <1.> 

:5 �  .., .. 
w ..... 

·= 0 
"' w 

0 0 1--
200 

t:n E <L> E "" ..... � 
...::: Ri 100  -B .!::! ·- 1:! n. w  

> 

0 

I 
_c. L 

. ·· . ..... .. 1---
I . • I ' 1--!-" .. ·�o--t-" 
1-r-

1-
1- . 

. I  

........ 
�- ' ,.._ . :· -n u u 

-r- I"-. 
D-. t-.. 

ll 

t-t--- r-b 

500 600 700 
Time from u l l age initiation, sec 

Cal Time from ignition, thrust and pitch from vertical . 

Figure . - Time h istories of trajectory parameters for case number 7 2 7 . 2 9 .  

800 



10  3 X 10 . ·· 
·-

"' 
- c.  o:s .... .... 

s:::: � 
o >.  5 N �  'i: 0 

" co  
[cCc-· .·. 

: .  ; c  l c=  · = 1 .� . .. 
-

-t-- -· . . .  �Cc ··· . . c 
0 0 -
::Z:: Q) 

. ... .  c 
> . . 

. .  . ·. . 
0 1-

"' 0 
c. .... 

� r- ...... 
1'"- . .  . ·. P" . . J' . .. 

� 
>. 

� 

1'"-to, ....... I' 1/ 
1 -· · !'... 1/ 

u 
0 -200 a:; 
> 

I 
__:: 

'iU 
u 

:;:; ... 
41 > -400 

.... 50 � �03 .... 
� I' 41 -c ...... :::> .... r-... 

:;:; 
'iU 25 ....... 

� r--c 41 r-... .... «< E 
:;:; I'-
"' .._ LLJ 0 

50 X 103 
.... .... r-.... 

� � 41 -c b. .a 25 � 
I"' r--f... «< I-... 41 :::> ... 1- I'-

0 r-

Time from u l lage initiation, sec 

(b) Vertical velocity, hori zontal veloc ity and altitude. 

Figure • - Continued. 



200 
g> 

"0 
' 

..s::: "' 100 ..... 
c. . . .  

<( I 0 
u.. 

0 t_: � 
100 

"" 
Cll 

"0 
' 
� 0 
>. 

<( 0 u.. 
-100 � 
100  

"" 
Cll 

"0 
' 

e 0 
<i: 
0 
u.. 

-100 I-
1 0 0  

g> 
"0 

' 
Cll 
"" 50 c: 
!IS 

0 
c.. 
...J 

0 I 

0 

. . 

. . �-.·:. c=-· =C .  ec-' 
�···· •- •• . c ''"" =":. •. 

· .. .  �·- .c: 
� .  cc . -

1 ·- - • 

1 .•. -· -·· . ·.··oc �� - 'c.� - :: 

I 
100 

' ' 

- - cc•- -
' ••• :.: ·•:: :o:c· o= .. •ect== :._ 

�-. -.. ··•· . . ;�� . "": "· 

. 

I I I 

200 30 0  400 
I 

500 
Time from ul lage i n itiation, sec 

- . .  ·:=� 
C . .  . � 

. - ·� 

- ./ 

I I 

600 700 

(d) F DAI pitch, yaw and ro l l  and LPD ang l e .  

F igure . - Continued . 

. 

I 
800 



... E 1-
..... 
c 
... � � ... ::s o. ._  
...: -5 "' -c ::s ... .. ..... £ �  
- .... "' 0 .3 
(.) < 

0 /...-
1-

- .  - -

400 500 600 700 
Time from u l lage initiation, sec 

(a) Time from i gnition, thrust and pitch from vertical . 

F igure . - Time h i stories of trajectory parameters for case number 727.30 .  

800 



� 1 0 0 0  
"' ' 
c 
0 

� 
c 500 C'l 

E 
0 ... ..... Q) E 1- 0 f- I 

... 1 0 0  c Q) 
'-' -'  ... "' Q) :s c.. ... , .s ... 
lll "'C 50 :s Q) ... ... £; �  

_ ..._ 
"' 0 
:s ... 
c.> <( 0 1-
... 200 "' 

- ... 
c.. "' 

:s ' ... t: .s 1 00 2 -c  
.s �  .., e  
f! ..... ·- 0 
"' 
Q) 0 0 1-

2 0 0  
C'l E QJ o -c 

..: ' 
.e ns  1 0 0  c.> c.> ..... ·-
·- � a.. Q) 

> 

0 
0 

e,: 
....... -f-r--

I-' 1-" 
� r-

:..--
-1--

.... 

r--- !"-- r-n 

I'-r- "' " 
r-

I 

-r-
-1'-1. 

I I I I _l I I 
1 0 0  2 0 0  3 0 0  400 500 600 700 

T ime from ul lage in itiatic>n, sec 

(a) Time from ignition , thrust and pitch from vertica l .  

Figure . - T ime histories of trajectory parameters for case number 7 2 7 . 3 1 .  

� 

-j 

.J 
BOO 



20 

1 0  

0 

-" 
� 
@. - 1 0  

t") 
>-...... 
> 
...... u -20 UJ -' 
u.. 
UJ 

,:�;� "" 

":Ut!:> 
-30 

-40 

-50 

Enclosure 8 

----

·- 1--� 

1- 3. . 
- .. ..... j-.. ..... 

r--..: .... .... ..... � '� ... 
io::i- - - � - - �� -

· ... 
'�o.. ..... 

....... .... 

- ���-

I 

�� ........... 
"'" - ""-"" 
� 

�-- ....... 
....... .. 

-r 
E a rth Rased R e f 1 e c t i v i tv Data --

r-- ., -· � 
-.. ..  

�-� 
'- -..;; -

� 

I 

t- - -

. ., 

-· - -

I - · r--_ 
..... ...... 

-r--...... 
... ....... 
-- -

- ...;,.. ' 

\ 
\ 
\ 

�\ 
\0 

\ 
0 1 0  '/0 30 40 50 60 

A N G L E  O F  I �J C I DE N C E  0 (DE G )  

7 0  RO 

F i g u re 1 .  Recomme nded I n te ri m Refl e cti vi ty Model 

(1 ) '· 

90 



EVALUATE ANY CHANGES TO G&N SOFTWARE 

A.  CHANGES IN GUIDANCE LOGIC ( e . g .  NEW TARGETING) 

B. CHANGES IN NAVIGATION LOGIC ( e . g, , DATA READ ROUTINE , WEIGHTING FUNCTIONS ) 

C.  GENERATE STANDARD CHECK CASES 

D .  BEGIN 1-SEPTEMBER EG23 AND TRW 

ESTIMATED COMPLETION 1-NOVEMBER 



ESTABL I S H L R  PERF ORMANCE MODEL 

A .  R EF L ECT I V I TY G I V EN B Y  I ESD ( EST . AUG . 26 ) 

B .  D R O P - OUT B O U N D A R I ES G EN ERATED :BY EG23 

( 3  MODELS � EST I MATED C OMPL ET I ON OF : 

N OM I N A L  - 9 S E PTEMBER 

C ON S ERVAT I V E - 23 S E PTEMBER 

O PT I M I ST I C  - 7 OCTOBER ) 

',.)J 



R EE V A L U AT I ON OF PR I ME S I TES AS R EQU JiR ED W I TH U PDATED 

R EF L EC T I V I TY 

A .  D O N E  BY EG23 W I TH TRW S U PPORT . 

B .  B EG I N  1 0  - S EPTEMB ER A N D  C O N T I NU E  EFF ORT AS N EEDED . 

( R EE V A L U AT E  I I I - P - 1 1  - R ,  I I I - P - 1 1  - A 

W I TH N OM I N AL , C ONS ERV I AT I V E AND O PT I M I ST I C  R EF L EC T I V I TY ) .  



EST A B L I S H U PDATED L A N D I NG ELL I PS E  

A .  U S E  MONTE C A R L O  PROGRAM TO  DETERM I N E " EN S EM B L E  AV ERAG E "  

TRA N S I T I ON MA TR I X . 

B .  OBTA I N  STAT I ST I CS O F  ESSENT I AL PARAMETERS S U C H  AS DELTA V ,  

V I S I B I L I TY T I ME ,  TOU C HD OWN V EL OC I T I ES ,  ET C ET ER A . 

C .  B EG I N  l - O C T O B ER EST I MAT ED C OMPLETE 1 5  - O C TOBER*  

EG23 w/ C AD 

*SU B JECT  TO  C OMPUTER AV A I L A B I L I TY .  



EXAM I N E G ,  N & C I N TERACT I ONS  

A .  S I MUL ATE I NT EG RATED G ,  N & C ( D A P ) 

B .  D ETERM I N E P ERF ORMAN C E  C H ARACTER I ST I C S ( i . e . ASSESS POTENT I A L 

I MP I NG EMENT PROBL EM ,  D ETERM I N E RCS  F U E L  R E Q U I R EMENTS , ET C . )  

c .  B EG I N  1 5  - O C T O B ER F I N I S H 1 5  - JANUARY 

EG23 W I TH C A D  



F A I L U R E  E F F E C T  A N ALYSES 

A .  S E N S OR F A I L U R ES ( i . e . LR , I MU )  

8 : .  C ONTROL S YS TEM ( i . e . JET F A I L U R ES ENG I N E G I MBAL 

ETC . )  

C .  EG23 W I TH TRW AND C AD S U PP ORT 

B EG I N  1 - D EC EMBER C OMPL ETE 1 - F E BRU ARY 



C H ECK RUNS 

RUN I N I T I AL I MU T ER R A I N  T ERRA I N  T H RUST 
N O .  ERRORS ERRORS V A R . SLOPE A C C . D EV . 

( 1 . )  N OM I N A L  . 1  N O  N O  SMO O T H  0 0 

( 2 . ) I N I T I AL ER- 2 +#1191 N O  SMOOTH 0 0 
R ORS A L O N E  3 -#1191 N O  SMO OTH 0 0 

' 4 N O  N O  1 1 1 - P - 1 1 A  0 0 
( 3 . )  T ERRA I N  V AR- 5 N O  N O  I I  h P - 1 1 A  +10  0 

l AT I ONS A L O N E  6 N O  N O  I I I - P - 1 1 A  -10  0 
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V ARS . A L O N E  8 N O  N n  SMOOTH 0 3 - a- L OW u 

( 5 0 ) RUNS 4 & 5 9 +#1 1 91 3- N EG . I I 1 - P - 1 1 A +10 3 - a- H I G H 
OF R EF . 5 1 0  -#1 1 91 3- P OS . 1 1 1 - P- 1 1 A  -10 3 - 6 L OW 
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TO 

OPTIONAL fi'ORM NO. 10 
MAY 1112 ltOrTION 
GSA FPMH: (-41 CPR) IOHt.ll 

UNITED STATES GOVERNMENT 

Memorandum 

See list attached DATE: October 21, 1968 

68-PA-T-226A 
FROM PA/Chief, Apollo Data Priority Coordination 

SUBJECT: Descent Aborts 

We have finally started mi ssion techniques meetings on lunar landing 
descent aborts . At the risk of losing whatever eonfidence you might 
have in my judgment, I would like to describe a technique we are probably 
going to propose for aborts early in the descent phase . That is,  within 
about 25 seconds of commanding the DPS to full thrust. It is  a technique 
that Joe D. Payne and Floyd Bennett have been suggesting for quite a while , 
but which most of the rest of us had been unwilling to accept . 

First of all, I don ' t  think anyone will argue about what should be done 
between initialization of powered descent and DPB throttle up after the 
trim gimbal period (currently set for ,26 second s ) . The /1 V acquired 
during that period only drops the apogee down to about 4o miles so the 
best thing to do is probably just shut off the engine and sit tight . 
That is ,  no immediate abort maneuvers are required unless it is necessary 
to get away from a hazardous DPS stage . 

After going to full ttrrottle, though, there is a short period (roughly 
25 seconds ) during which aborts become a little difficult to handle . 
In this region the trajectory rapidly becomes suborbital, making an immediate 
abort maneuver necessary to achieve a safe orbit. The problem is  that the 
spacecraft is oriented retrograde to perform the descent maneuver,  which 
is exactly opposite to the direction required to get back into orbit.  This 
causes the problem. Namely, if we wan� to abort on the DPS , you have a 
choice of : 

a .  Either turning off the engine , ;reorienting the spacecraft about 
180°, and reigniting the DPS to make a posigrade burn into orbi t - and 
no one wants to turn off the engine ! or 

b .  Leave the DPS engine on as the spacecraft is being reoriented . 
Unfortunately, in order to avoid gimbal lock this attitude maneuver nrust 
be made in the pitch direction and leav:f.ng the engine on causes us to 
acquire a large radial velocity during the attitude maneuver which nrust be 
removed. To do this the spacecraft would go through a pretty wild pitch 
profile rotating almost a complete revolution from the time of abort to 
the time of engine shutdown. The reason for this is  that attitude change 
is made at  a rate of only 10 degrees a second, which means the engine would 
thrust with a component in the radial direction :for a long time . As you can 
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imagine , there are also considerable problems in the guidance equations , 
which would cause the engine to be shutdown prematurely under certain 
circumstances .  

Abort Staging with the APS i s  not much better since it  was felt necessary 
to provide an immediate separation maneuver {currently coded to be three 
seconds or 30 fps ) to get away from the DPS before reorienting to posigrade 
attitude . And, you can ' t  leave it running for the same reasons as the DPS . 
So you see, even for an APS abort, we end up turning the engine on, then 
off, and then back on, which we don ' t  want to do . 

Let me point out that after about 25 seconds at full throttle, the hori
zontal velocity required to get back into orbit when combined with the 
radial velocity picked up during the attitude change results in a guidance 
and attitude control situation considered acceptable . That i s ,  it is  not 
necessary to turn off the engine during the pitch over to posigrade atti
tude . So our only concern is with aborts during the first 25 seconds after 
throttle up, when it is neither acceptable to leave the engine on nor to 
turn it  off for fear that it won' t  start again. 

Standby for Payne ' s  solution! 

It is proposed that in the event of an abort recognized in that trouble
some period to continue operating the DPS in the retrograde direction 
until we have reached the time it is poss ible to make the attitude change 
to the posigrade direction without turning off the engine ! If the DPS 
is the system that i:m 1 t working and it  i.s necessary to "Abort Stage" and 
use the APS, it is  proposed to burn the APS in the retrograde direction 
as long as necessary to reach the point when we can pitch to the posigrade 
direction without tu:cning off the APS . 

This solution, you see, avoids the need for turning off an operating 
engine and makes the procedures for both DPS and APS about the same in 
this time period as they are after this period . The thing that takes 
awhile to get used to is burning in a retrograde direction lowering the 
orbit still farther after a need for an abort has been recognized . Hov1 
do we rationalize do'ing a thing like that? We currently feel that the 
advantages of the simplified, standardized procedures and particularly 
of not shutting down a running engine sufficiently justify thrusting to 
a situation a little worse than that which existed at the time of abort 
recognition . And, of course ,  we do have a tremendous propellant surplus 
if  we abort at this time . Furthermore , as ide from some problem associated 
with throttle up, the probability of an abort being required in this 25 
second period seems awfully remote making it very difficult to justify 
development of a unique set of abort procedures and training to use them. 
In effect, this proposal creates two rather than three abort zones . No 

,, 

abort maneuvers are required prior to DR> throttle up s ince the LM i s  s till 
orbital. Procedures after throttle up are all the same . There is  no discrete 
point in the descent required special techniques . 
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ForllD.llation of the LID.UNARY DPS abort program (P'TO ) is completely compatible 
with this procedure . That is ,  for a DPS abort the crew would always delay 
taking abort action until 25 seconds after throttle up . A program change 
will be necessary to :3upport this procedure in the APS abort program (P71) 
so that if the crew hits "Abort Stage , " the APS will light off and separate , 
maintaining a retrograde attitude until 25 seconds after DPS throttle up 
time . Then it could go into the abort guidance as currently programmed. 
Specifically, the change is  to have the spacecraft perform a continuous 
retrograde APS burn as opposed to a three second burn followed by an 
attitude change and reignition. 

Mal Johnston of MIT waG at our meeting and will discuss this with our 
friends in Boston. We ' ll talk about it some more next time after think
ing it over a couple of weeks . I ' d  be interested in your comments . 

PA : HWTindall, Jr . : j s  
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FA/Chief, Apollo Data Priority Coordination 

DATE : October 25, 1968 
68-PA -T-238A 

SUBJECT: Descent Aborts - Part II 

liOI0-1{)8 

This memo is to carry on from that three page snowflake I sent you the 
other day on the same subject,  It turns out we have encountered. one 
of those rare situations when :Ln doing something to fix an undesireable 
situation we actually improve something else at the same time .  Speci
fically, the rendezvous people want to target the LM to a substantially 
higher orbit following an early descent abort than they had previously 
proposed, This makes the horizontal posigrade burn following the descent 
abort larger, of course , and alleviates that crazy pitch profile problem 
which used to exist during an abort in the first 50 seconds of powered 
descent . The point :Ls that by some fairly minor changes in the space-
craft computer program (LUMINARY) , we can probably eliminate the special 
abort procedure we used to think was necessary early in descent . Changes 
to the DPS abort program (P70 ) are essentially just changes in some 
erasible constants . This does not impact coding but has a significant 
impact on testing. By that, I mean the :program will work now . The APS 
program change noted in last week' s memo is still required but i s  essentially 
achieved by a erasible constant change too . This will all be firmed up and 
brought to the Software Configuration Control Board in the near future for 
their approval or something. 

Having the early abort situation under control, we pressed on to another 
phase of descent aborts requiring some attention - specifically, how to 
handle the situation when the DPS is not quite capable of getting the LM 
all the way back into the desired insertion orbit . In order tc establish 
procedures ,  it was necessary to make some assum;[Jtions . They are : 

1.  We never want to "Abort Stage"  and use the APS, if the DPS is 
still operational. 

2 .  It i s  acce}Jta ble to operate the DPS to propellant depletion . *  

3 .  We have no desire to 
(that is ,  during rendezvous ) .  
through the RCS interconnect.  

use c;he APS engine again after a c hieving orb i t  
Of course, we intend to use the A PS  propellant 

* This assumption I!Dlst be verified by ASPO and then included in the ir 
data books . 
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4 .  The "Abort Monitor" in LUMINARY remains active following a DPS 
propellant depletion cutoff, which may result in a AV monitor alarm, even 
though the crew calls up the /1 V residuals .* 

2 

If we can make the above assumptions,  the procedures become quite simple 
and standard. Namely, whenever aborting on DPS , the crew will permit tha t 
engine to operate at full thrust until either a guided cutoff is acheived 
or propellant depletion occurs . At that time, the crew will "proceed" to 
the DSKY display of 11 V residuals . If the 11 V remaining to be gai.ned is  
less than 30 fps ,  the DPS will be  manually staged and the crew will utili ze 
the RCS to achieve the desired insertion condition by nulling the /1 V residlwh . 
(It is probable that only the horizontal component need be trirruned if a 
convenient attitude ref'erence is available . The li'DAI eight ball should 
be good for this . ) If the /1v to be gained i s  in excess of 3C fps ,  the 
crew will hit "Abort Stage , "  automatically jettisoning the DPS and lighting 
off the APS to make up the /1 V deficiency. Again, only the horizontalLl V 
residual need be trimmed . 

It is  to be noted tha t with the new, high a:pogee •<�e will be targeting for, 
the RCS/APS switchover point is orbital by a substantial margin (apogee 
in excess of 75 miles ) and so there i s  no problem in the use of an RCS 
burn whose duration is less  than 30 seconds . It is also to be noted that 
if the 11 V required of the APS is less  than 100 fps , the burn duration ''i ll 
be les s  than 10 seconds,  ''hich probably makes it unsafe to reignite the 
APS . There is so much mystery with what is and what is not acceptable with 
the APS we cannot really be sure about that .  However ,  it does not matter 
s ince there is no problem anticipated in performing the rest of the mnneuveN; 
with RCS . 

One final comment - it has been proposed that the DPS be operated at half 
thrust during aborts to prevent lofting when the APS is required to achieve 
orbit . Two miles perigee and four miles apogee are the maximum effects . 
Those do not significantly perturb the abort rendezvous and therefore the 
decis ion was to maintain full thrust.  

* This  assumption must be verified by me with MIT. 
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PA/Chief, Apollo Data Priority Coordination 

DATE : November 25, 1968 

68-PA-T-257A 

SUBJECT: LM DPS low level light fixing 

I think this will amuse you . It ' s  something that came up the other 
day during a Descent Abort Mission Techniques meeting . 

As you know, there is a light on the LM daE:hboard that comeB on when 
there i B  about two minuteE: worth of propellant remaining in the DPS 
tankB with the engine operating at quarter thruE:t . ThiEl iB  to give 
the crew an indication of how much time they have left to perform the 
landing or to abort out of there . It compliments the propellent gauge B .  
The present LM weight and deE:cent trajectory iB E:uch that t his light 
will always come on prior to touchdown. This signal, it turns out, 
is  connected to the maBter alarm - how about that ! In other words, 
just at t he moBt critieal time in the most critical operation of a 
perfectly nominal lunar landing mis sion, the master alarm with all 
its lights ,  bells , and whistles will go off . This sounds right lousy 
to me . In fact, Pete Conrad tells me he labeled it completely unacceptable 
four or five years ago , but he was probably just an Ensign at the time 
and apparently no one paid any attention .  If thiB is  not fixed, I predict 
the first wordB uttered. by the first astronaut to land on the moon will lJe 
"Gee whiz,  that master alarm certainly startled me . "  

As I understand it, cutting the wire to the master alarm eliminates the 
low level sensor light too . If nothing elE;e can be done , this should be 
and we ' ll get along juBt using the propellent gauges without the li ght . 
If possible, a better fix would be to cut the wire on both sides of 
the master alarm and jumper the signal to the light only. 

Incidentally, on the D mission the propellent levels will be low enough 
when we get to the DPS rendezvous maneuverB - Pha:3ing and Insertion - that 
if this sys tem is  activated prior to ullage, the master alarm ' li ll likely 
go off . I gues s  it  will be standard procedure to punch i t  off if that 
happene . But, where thie ia juet an a��D, it ie dangeroua on G .  

Howard W.  Tindall, Jr . 

PA : HWTind.all, Jr . : j s  

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



OPTIONAL FORM NO. to 
MAY 1082 EDITION 
GSA FPMR {41 CFR) 101•11.15 
UNITED STATES GOVERNMENT 

/ Memorandurn 
TO 

FROM 

SUBJECT: 

l t.ot0-108 

See list attached 

PA/Chief,  Apollo Data Priority Coordination 

Descent Aborts - Part III 

DATE: November 25 , 1968 

68-PA -T-258A 

We have had a couple more Descent Aborts Mission Techniques meetings 
resulting in substantial progress  which I would like to tell you about 
in this memo, if you haven1 t  already heard . 

A basic ground rule we have established is  that these abort procedures 
go into effect at the t:_me powered descent initiation (PDI ) is  attempted 
(i . e . ,  starting at the i�ime of PDI TIG) . The point i s ,  if the descent 
burn is not attempted at all another procedure is used (TBD) . But once 
descent is started and an abort i s  required, the crew will always go to 
P70 or P71, the DPS or APS abort programs . 

As noted previously we have eliminated the E:pecial abort zone during the 
first 50 seconds of powered descent which m:ed to require special pro
cedures .  A simple program change was made to LUMINARY to do this .  In 
order to cause the system to work in an acceptable way, it is also neces
sary to increase the insertion apogee altitude in the PGNCS targeting .  
This is done by  changing the value of an erasible memory constant in the 
LGC .  (Insertion apogee altitude i s  now 100 n .m. ; it was 60 . )  A prefer
able solution was considered for LUMINARY but must be delayed to LUMINARY 
II due to s chedule impact .  It  i s  to have the PGNCS compute the optimum 
apogee insertion altitude in real time based on the phase angle between 
the 1M and the CSM at the time of the abort . It i s  possible to do this 
such that the subsequent rendezvous sequence is  a}�st identical to the 
nominal lunar landing mission rendezvous sequence - always pr.:Jviding a 
one rev rendezvous with a differential altitude of' 15 n .m .  This program 
change will likely be made in the AGS, too - perhaps even in time for the 
F miE: sion since it is  relatively simple . AssuminG� we are able to fix the 
PGNCS proe;ram for the lunar landing mission, it looks like we have a yery 
good, straight forward, simple and s tandarized abort/rendezvous procedure . 

One caution must be O Jserved since the DPS abort program (P7J ) corrmJands 
full throi.tle immedia tely. Therefore,  if the cnw decides t,) abort on 
the DPS immediately after PDI they must at least  await enginro stability 
before hitting the Abort button. I should also point out truct aborts 
during thE first 40 seconds of powered descent will currently result in 
a spacecraft pitch maneuver which will cause the MCC-H to lor:e all telemetry 
until the crew can realign the hi-gain antenna or switch to · ;he omnis . 
A program change reque<:t for LUMINARY II has been submitted to fix thi s .  

Buy U.S. Savings Bonds Regularly on the Payrol.� Savings Plat 



Another area in which we have been working i s  the procedure following a 
descent abort using the DRl engine immediately after the engine cutoff . 
Like any other maneuver, the standard procedure i s  for the crew to call up 
the /1V residuals on the DBKY and check the horizontal/1V still required . 
Then : 

a .  If the horizontal Av to be gained is  less  than 5 fps ,  which 
should be the usual case for aborts prior to about 300 seconds into 
powered descent , the ere�: '"ill trim it with RCS without staging the DPS . 
Out-of-plane and radial /1v components will be left untrimmed and their 
effects will be eliminated by the subsequent rendezvous maneuvers . 

b .  If the Av in the horizontal direction at the end of IP:3 burn 
i s  more than 5 fps but les:3 than 30 fps ,  we want to stage the DPS off 
prior to burning into orbit with RCS since RCS plume impingement pre
cludes dragging the DPS along . However , staging presents a problem 
s ince the PGNCS digital auto pilot (DAP) will not be aware i t  has 
happened . Bince it  would continue to assume the high inertia , unstaged 
spacecraft, it would command excessive RCS firing for altitude control.  
Like LM1, it would really hose out the RCS fuel. The easiest way around 
this i s  to switch guidance control to "AGS " and attitude control to "AGS 
attitude hold" and then manually translate into orbit with RCS based on 
the PGNCS DSKY /1V display. The procedure would be to manually stage 
immediately after initiation of the RCB trim burn. Again, there is  no 
reason for trimming the out-of-plane and radial /1V residuals . 

c .  If at DPS engine cutoff the l:lv residual i n  the horizontal 
direction exceeds 30 fps , the procedure i s  to s imply hit "Abort Stage . "  
This will automatically separate the DPS and utilize the APS to complete 
the maneuver required to achieve the desired orbit .  The /1v required 
depends on the abort time and can range from a �; little as 30 fps all 
the way to a full Ascent duration burn. The 30 fps boundary was chosen 
because attempts to use P71/APS for smaller maneuvers can result in very 
large /1v errors, in fact as much as 60 fps . Again, only the horizontal 
in-plane component of /1 V need be trimmed after the main engine cutoff . 

Of course, in case "a" noted above it  will be necessary to sepal' ate 
from the D 'S  sometime . There was cons iderable di s cussion as  �o 1-1hether 
a special )Ost-insertj on maneuver should be made :f'or this or �f it 1m s 
preferable to await the first of the scheduled re11dezvous bur 1s - CSI . 
We finally concluded that the most straight forwa: .'d procedure 1-1as to 
separate the DPS at CSI in  order to avoid the neei for more complicated 
special procedures for this special situation. Separation at CSI 
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rather than immediately at insertion also prov:[des the peripheral advantage 
of an extra hour use of DPS consumables .  But that i s  not our reason for 
recommendj ng this procedure , Of course , it will be neces sary for the 
crew to ce.rry out certain DPS safing procedures .  Specifical Ly, they 
must vent the tanks just as they do after a nominal lunar la 1dine;. One 



open item in regard to this is  the determination of how propulsive this 
venting is . If it turns out to be unacceptable we may be forced to provide 
some special procedure to stage the DPS at insertion. FCD has the action 
i tern of determining the magnitude of venting !J. V. 

�w.���J� . 
PA :HWTindall, Jr . : j s  
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NASA Manned Spacecraft Center 

DATE : July 1, 1969 

69 -PA -T-lOlA 

PA/Chief, Apollo Data Priority Coordination 

Post-insertion alignment is lower priority than :�endezvous 
navigation 

It has been agreed that it is more important for the LM to obtain 
rendezvous navigation tracking data than to complete the platform 
realignment after insertion into orbit if problems occur which pro
long it o  The point i :> ,  an accurate CSI maneuver is vital but it is 
recognized that bad angle data does not substantially degrade that 
solution. Thus,  even though the lunar surface platform alignment 
may not be red hot it should be adequate to support the rendezvous 
navigation; if the crew experiences difficulty in realigning, they 
should terminate that effort to insure they get an adequate amount 
of rendezvous radar data . Specifically, they should complete or 
terminate the P52 by 30 minutes before CSL If they do fail to 
complete the alignment, they should add one into their timeline 
immediately after CSI and depend on the CSM for their plane change 
targeting. 

I would like to emphasize that this is a eontingency procedure sinee 
everyone anticipates that adequate t ime has been provided to do this 
alignment . 

Howard w. Tindall, Jr . 

PA :HWT: j s  
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NASA Manned Spacecraft Center 

DATE: June 24, 1969 

69-PA-T-95A 

FROM : FA/Chief, Apollo Data Priority Coordination 

SUBJECT : Post Insertion CSM P52 is optional 

Dick Gordon and Pete Conrad called the other day to ask how important 
we feel the CSM platform alignment is just after LM insertion into 
orbit. As I recall, this alignment is a carry-over from the time we 
planned to do the CSM plane change just prior to lift-off rather than 
just after landing as we currently plan to do . We didn ' t have pulse 
torquing then either . Given these changes I don ' t  really see why it 
is needed anymore , particularly if we have been monitoring the IMU 
for several days inflight and if necessary, have compensated it .  As 
a matter of fact,  if it is not too late it might be reasonable to 
consider dropping this CSM platform alignment from the G Flight Plan 
too . The main advantage is that it would permit CSM to remain in an 
attitude compatible with rendezvous radar tracking by the LM as soon 
as they finish with their P52 . Any comments anyone ? 

Howard w .  Tindall, Jr. 

PA :HWT: j s  

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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63-PA - T-lOOA 
FROM PA/ C h i e f ,  Apollo Data Pr iority CoordInation 

SlJBJECT : No ccpec ial vi sual reference will be prov:i d e d  :for t he f inal 
tranearth Jr,id cour s e  corre c t io n  maneuver 

1 .  On May 7 we revie•ded t he need for an R'I.'CC program cha n:-:e tc -,n ,x '_dc 
a c;;0ecial 'ti sual reference for t he cre•" d u_r ing t he la s t  tra nsear•>,, 
mid course corre c t i o n  maneuver on a lunar m:c s s ion. 'we concluded j , t  _ � 

llO'G need ed and that no nev1 programming or d i splays are requ i re d .  

2 .  1'he :fi nal transearth mid cour s e  correction maneuver c.J L: LC· ·:· -�cl�_c •. : 
ing chara c ter i s t i c s .  I t  i s  s c heduled to occur two hours b••fo :,, e r : r v .  

At t ha t  t i me ,  the spa c e craft i s located approx i mate ly o•; ' t , '"'"'' Li' -
moon line about 20 , 000 mile s from the eart h .  The maneuver t ' :' c'cLj :C:Lly 
ho:c i zontal \'l i t h  re spe c c  to t he earth - pe:cpend i eular to t'1e e3 :ctl• -mc. on 
l i ne .  

3 . T�e primary fJUb j c c t. unci e r  cons ideration l.·la �� the use of the t:· :::1 =:-.� cr 
th<, moon c; s  a vi sual Tlcferenc e . Thi s i s  pa rtly a carry-ove:c f'rom �cc,• l n · ·  
the horizon a s  a ref'erence dur ing t he retrofi,:ce ma neuver on e cn 'th cE b · t :� l  
mb s ions s i nce they are s i miliar maneuvers i n  a lvay - bot� s e t -up c,;,e 
re<,ntry traj ectory . Unfortunate ly located 8 S  they are v i i  n re s:;-·e<· 'c. t L  
a n.ori zontal burn, t ile earth and moon are Doth located i n  t he 11or s t, • 

po:3 s i.ble places for uce a s  a burn attitude re fe ::e nce . !\cc ord int;ly, ,., , . 

co:'lcluded that our be s t; cour s e  of' a c tion is to use s ta ndard bu:cn a t t i  ccuc1e 
c hecks such as compari. s o n  w i th a properly a li gned SCS and s tars i f'  � hey 
are vi sable . 

4 .  It s hould be pointed out t hat large o r i enta t i on errors ha ve re:La t ' ve l.Y 
li ttle effect on thi r> \ml_que maneuver s inc e c om:oonents of de l �a V P" ''lX' tl(i :' 
culB.r to the one 1c1e are try:Lng to ac Q_ieve don ' t  do anytt!inc . S:hu c.: , m:' c:c; l '  cll
me nt merely reduce s t he effective magni.tude of the maneuver by t:Je c o c: i ne 
of' the misB.lignment angle . 

J\d r l rc s s e e ;::� :  
( Seo l s t  a t ta c hed ) 
PI\ : lMT Lndn 11, J r .  : j s 

Buy U.S . . '.az•ings Bonds Regularly on the Pa_)'rolf Sa; ·in;J Plan 
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DATE: JUN 3 1968--
68-PA-rl'-lllA 

FROM FA/Chief, Apollo Da-ta Priority Coordination 

SUBJECT: Trurwea:cth midcourse correction philosophy - a major operational 
break through !  

l .  In t:cying to  es1;ao.:_J_s r,  mi c;sion techr.iques for the midcourse 
correction maneuvers on the way back �VI"the moon, we reached a poi.r:.t 
beyond >lhich  we cou1d not progress wtthout first esta-blishing some 
sort of maneuver ph:Llosophy, like : 

a .  Should the MCC ' s  ·be carried out on a fixed or real c;lr.:e selected 
schedule ? 

b .  �/hich propulsion system should be used? 

c .  Are the se things dependent upon propellent available ? 

d .  In fact,  what should we be trying to accomplish with the MCC ' s ? 

Accordingly, on May lT, Ron Berry, Aaron Cohen, Harry Byington, Jon 
Harpold, Stan Mann, Harold Granger, and I got together to see if we 
could fi nd some logj cql way to handle these maneuvers . E ince then I ' ve 
tal':ed to otl1ers who qgree with what we came out with. 1 "!rsonally I 
thL1k it ' s just great and I hope you do too . I assume yo 1 ' ll let me 
kno• · if it  makes you unhappy. 

2 .  In summary there are only two things to be accomplished through the 
use of tbe transearth midcourse corrections (MGC ) . The f ' rst and most 
important is  to guide the spacecraft into the entry corridor . The second 
is  to help to control the location of the land:Lng point on the earth ' s 
surface . We quickly concluded that the latter is  unnecessary after the 
first MCC .  If  we wa.nt tbe recovery force in the center of  the reentry 
footprint, move the shi.ps there rather than making spacecraft maneuvers 
to adjust location of the footprint . So, that leaves con idor control 
an the only MCC objective . We feel that the best way to do thi s is to 
make as many " n  e i ght small RCS burns whenever their need becomes apparent . 
It i l; our en tim· ,  !:.e tha C. they would occur no more often tha 1 every 10 or 12 
hours , would be les E, than 1 fps each and 1wuJ.d be made usi 1g the SCS 
contr )l byctem. 'I'hc.s ,  the total transearth MCC cost shoul l not exceed 
about 8 fpc (aslde :t'r-on alignment and altitude requirement . ; ) o.nd v1e wo:.cld 
never use the SPS or tLe G&N on the way ·back except tn som , lm., prooaoili ty 
cont. i ngency situation. Therefore , thjs procedure would re, · lly provide a 
minirr:um delta V return and 1>10uld be consir;tent with a non-1 :&N s ituatioc 
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whi c h  s implifies the d.e c i s ion logic and s tandardi z e s  procedure s .  That i s ,  
'-Ie v1oulc. use t he same tec hniques regardles s  o f  the s tatus of the propul
sion sys tems , the G&N, and/or the amount of propellants remaining.  How 
could anyone ask for anything more than that !  

3. The rest of this memo j us t  gives the rationale and some interesting 
comments for the record . If you ' re busy, you s hould stop here . 

L> . LanO.ing Point Ccntrol 

The :f:'.rst mi.d course corre c tion has &lways been s c heduleci at abou·� 
fi ve or s j x  hours after the Trans earth Inj e c t ion ( TEI ) maneuver \"c1} c h  i s  
near t rw sphere-of - i nfluence o f  the moon, This maneuver i s  prin:arily 
to correct vlhatever d ispers ions have occurred. during TEI but Hill 
unques tionably be prima:cily for land ing point controL ·J:hi s  2. s c.ue to 
the fac t  tha t the MSFN is able to determine the spacecraft t�ra,j ec tory 
c haracteristi c s  pretty well along the line -of-sight, but is relat Lvely 
·Heak perpendicular to the line -of-s ight at that point in the mi s s io n .  
It i s  the line -of- s i g ht components that have the greatest influence on 
the trans ient time , which in turn controls where the entry footpr int i s  
located on the earth . Therefore , it i s  antic ipated that this rreneuver 
s hould do a pretty good ,j ob of setting up the entry footprint where we 
Hant it over the recovery force .  It i s  our opinion that after tr"is time 
the task of maintaining the des ired relative location of the entry foot
print 11 i th respect to the recovery s hips should be handled by moving 
the ships to wherever you want them in the footprint rather than 
maneuvering the s:pacecraf't to move the footprint . A s i ngle exception 
to all thi s is the po s s ible need for spacecraft maneuv· 'rs to insure 
that the non-G&N re covery area i s  free of bad weather . Thi s  will be 
d i s cussed in more d eta il later . 

5 .  Entry Corridor Control 

As noted previously, we came to a very interes ting and startling con
clus ion 1<i th regard to how we s hould control the trajectory to hit the 
entry corridor . But, in order to understand how yon arrive at this con
e lus ion it i s  importa nt to first understand some thing of the c haracter of 
corrido:'· control mideourse maneuvers . Control of the flight path angle 
at the entry interfsce ( i. e . ,  corridor control) i s  a c h' eved by almost 
e me tly hori zontal maneuvers with respeet to the earth.  Very small 
mmeuve:c-s in this d irecti.on have a very large effe c t .  The following table 
i :' .lustra tes this point : 

'd.me of MCC 

EI .. 2 hours 

EI - 15 hours 

Delta V 
4 fps 

1 . 2  fps 



Time of MCC (cont ' d )  Delta V 

EI - c�o hours 1 . 0  fps 

EI - 25 hours . 8  fps 

EI - eo hours Teensy weensy 

( The delta V listed i s  that required to change the 
flight Ilath angle at the entry interface (EI ) 0 . 36° 

This is a typical value for "corridor width, " i . e . ,  
the maxi.mum acceptable dispersion ::rom the center . ) 

6 .  You ·.vill notice that dispersions (even 0 . 1  fps ) at TEI and MCCl 
'•ill certainly make corridor control maneuverf3 necc;ssary. But ,  you 
'•ill also notice that even as late as  15 to ::>::; hours out from tr1e 
earth an 0 . 8  fps error would only require a correct ive l'-iCC of 1 . ::· fp;; 
after a 10 hour propagation peri.od, and further out i t  i s  much less . 
Therefore , intuition says that a sequence of maneuvers 'crll'Ou�)lou·� thG 
transearth coast should be capable of maintaining continuous corridor 
control at very little RCS cost - individually and collectively. Also, 
it is evi.dent that misalignment during these maneuvers can only hurt 
to the extent the desired maneuver magnitude is  reduced - a cosine 
effect .  Very coarse orientation i s  good enough - even 30° error or 
more is acceptable .. For example, suppose we want 1 fps and only get 
3/4 fps . This should become apparent via MSF.N tracking over the next 
10 to 12 hours and can be corrected at a cost very little more than 
the 1/4 fps error ;just incurred, It doesn 1 t hurt very much to do the 
·wrong thing. Duration of the burn is not critical either for the same 
reason making it  reasonable to control delta V by time ( a  clock) rather 
t '!an with accelerometers . Therefore, there is no need to bring the 
G&N on line . SCS :l s good enough. Rather than s chedul:• .. ng two maneuvers 
( currently at two hours and 20 hours prior to entry) we tentatively 
propose that as  many as eight RCS burn£, be planned, all of which  should 
be less than one foot a second to be scheduled at inteJ·vals of about 12 
hours apart throughout the transearth coast .  Of  course , any one would 
be omitted if its computed magnitude were so small that the "noise" 
in the targeting obscures it. The advantages to be gained by this 
tee hnique are : 

a .  It continuoasly maintains a trajectory intercerting the center 
oi' the entry corridor which is advantageous from both a psychological 
and communication los s  s tandpoint . 

b .  The proceduxe is  the same a s  the one to  be used in  the case of 
G&H failure . 

c .  The G&N need not be brought on line which simpl: .fies procedures 
an.i reduces consumable consumption. 

3 



d .  'l'he SPS engine need not be used simplifying the maneuver pro
ccdurcr; c.nd eliminating concern over whether or not it will restart and 
perform properly. 

e .  The real time logic i s  very simple . 

4 

f .  I t  i s  anticipated to be a minimum delta V technique or close to 
it,  which means that the procedures and logic will not depend on the 
propellent situation. 

In addi "Cion to the analysis  currently und.erway to learn more a
·
ocu t this 

technique , it is necessary to investigate the RCS cost associa-ceil with 
SCS alignment, maneuver control, etc . It is anticipated "that with a 
little study, techni ques may be developed which couple this with o-cher 
activiti.es such as spacecraft thermal control, which will minimize total 
delta V requirements . 

7 . Something else came out of this discussion that hadn ' t  occurred to 
me before dealing with the problem of bad weather avoidance in the 
recovery area . All systems design and analysis have been based on 
providing adequate L/D reentry maneuverability to assure good weather 
at the landing point area without the need for maneuvering on the way 
back. As I understand it, that i s  where the thousand mile long foot
pri.nt came from. However, it is also necessary to make sure that; good 
weather is available in the recovery area to which the spacecraft >wuld 
go in the event of a G&N failure . You recall, the entry mode for this 
s ituation is  to fly a constant range ( 1200 n.m. ) , constant "g" reentry. 
It is evident that the lifting reentry cannot help us 1ere . Hence, it 
::. s not the prime area but rather it is this non-G&N ar 3a which must be 
protected for weather, if indeed either must  be . Accordingly, it i s  
proposed that one or two days prior to entry, based on  the weather 
prediction for that area, it will be de termined whether or not a mid
course correction maneuver should be made for that  purpose .  It certainly 
must be made if the weather is  unacceptable and the G&N is busted; it 
probably should be made even if it is  s till working. If the maneuver 
were made 20 hours before entry, i t  should not exceed 170 fps .  This 
:i r; the amount required to move the entry footprint 300 miles,  which is  
Recovery' s  estimate of weather disturbance radius including prediction 
uncertaintie s .  Based o n  a trade-off o f  weather predic�ion uncertainties ,  
-c,; r1ich deminish with time, versus maneuver magnitude, wlich grows >vi th 
t Lme, i t  may be found cheaper to make t l1e maneuver earlier than that .  
'l'':!e number c;i ven is to give you a feel for the situaticn.  If  such an  
SPS burn were made , it would have to be  followed by  corridor correction 
ma.neuvcrs as described above, perhaps carried out at a greater frequency. 



9 .  In summary, the first midcourse correction i s  likely to be an SPS 

5 

burn compensating for whatever dispersions oc curred in 'l'EI .  After tha t ,  
all the rest of the midcourse corrections will b e  made solely for corridor 
c:ontrol cons is ting of many very small RCS burns using the SCS . The 
" landing point footprint" would be acce]:Jted as is and the recovery force 
would be moved to compensate for its dispers ions . The only exception 
would be to add a mi dcourse correction maneuver i f  necessary to provide 
good weather in the non-G&N recovery area if that i s  a requirement . 
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68-PA-T-126A 

FROM FA/Chief, Apollo Data J?rCLori ty Coordination 

SUBJECT: Transearth midcourse maneuvers are getting eas ier and cheaper 
all the t ime 

1 .  On June 6 we had a �rransearth Midcourse Maneuver Mis s ion Techniques 
meeting at which we di:3 cussed implementation of the philosophy as 
des cribed in my June 3 memo . The technique proposed, you recall, 
involves maldng a number of small RCS burns using the SCS ,  solely for 
the purpose of corridor control. I have discussed this with quite a 
few people since then and everyone agrees that it is a good way to 
go . One thing apparently was not clear in that las t  memo .  I would 
like to emphasize that most of the maneuvers need not be made at 
fixed time s ,  but s hould IJe scheduled consistant with the other space
craft/crew activity, namely the work/rest eycle , attitude control 
for meeting spacecraft tl1ermal constraint s ,  etc . That i s ,  nothing 
is lost by making the m:Ldcourse maneuvers at the most convenient time 
based on other cons ide:rations - s cheduled i.n real time if des ired , 

2 .  A.t this meeting we p:i.nned down a few ground rules which I have 
li sted belo1-1 : 

a .  The first and lact MCC ' s  will be s cheduled at fixed t imes . 

( 1 ) The fin t MCC will be a fixed time from TEI ( currently about 
ten hourc ) and will be made only if location of the entry footprint i s  
unacceptable to Recovery and/or obvious corridor control i s  needed.  It 
probably won 1 t be ! ! (�3ee paragraph No , 3 )  

( 2 )  The la st MCC is at a fixed time, specifically, two hours 
before entry interface and will be made if it exceeds 1 fps ,  This is 
also a corridor control maneuver only and most likely will be required , 
G&N will be aligned in p:repara tion for entry. 

b .  All other MCC maneuvers shall be made for corrido:::- control only 
a s  their need becomes ap parent consi s tant wi th other spacecraft/crew 
act Lvi ty . 

c ,  If the G&N i s  in operation anyway, use i t .  However, if it is not, 
use SCS ,  tlmed burns 1-1 Lt h  two jet RCS . An exception is that any SPS 
maneuver -will be G&N controlled , Also,  SPS will have I:J. V res idual trimming .  
Any G&N burn shall use the CMC External b. V guidance mode . 

Ruv Tl .ii' .ii'a11in u .· Rnndr R,uularlv nn tlu Pavrnll .ii'a11inv.r Plan 



•c . A c; '' :: tanclarrl proc edure for mainta i n Lng the b e s t  pos s ible stn te 

V(' c� Lo;" i n  the CHC thrcq:h the MCC ' s  performed with no IMU, the l>'li s s ' o n 
Cont;y·ol Ccn -.er \Fe ll s ulec a po s t  burn s ta te vec tor to the s pa ce cra ft .  Tf!,; 
pn,burn r: tate ve c tor ;,< J .. 1 be s tored in CMC memory loca tions used fm.· the 
LVI :: ta te? vector . 

] .  Regarding paragraph :) . a . ( l ) ,  i t  i s  antic ipated that Re c overy requ ire 
me n t :; can lJc ms.de qu i te Loo:: c . For example , TE:I di spers ions may move 

the ::·oot.pr l nt. from t t ::  targeted locat ion as muc h  a s  5° or 10° ( SOO -
Coo n . m . ) .  However , thj :3 i r; '"ell wi thin the ship ' s  capab j li ty co move 
dur nc t h e  tran:ocart··, c ca s t .  Therefore , :L f land impac t  ( of C�1 or Slvl) _, 

bad ,,,cathcr , or exc e s c. :lve return-to-base t ime do not result, a CSM 
maneuver ·co� i 11 pro ilctb ly r:.ot be requ ired . It apparently has not been 
rccoc;n:i7.ed r:e nerally th.2tby taking advantage of Recovery ' s  fle x i b i l i t y ,  

w e  f3 hould b e  able t o  e:U_minate an SPS burn from a nomi na l transearth 
pha r; e . In other '.wrd :'. , ord:i nar :L ly g:t_ll_ MCC 1 :o will be :for corridor c ontro l 
on:L�1 . Jnte:r-e:o t :Lng, don ' t you thirik?�-
4 .  ()ome other things affected lJy the new a:oproach are : 

a .  'l'hc pr ime mod e for " return-to -earth" targe ting in the R'l'CC -.-�a s  
for land inc; point con Lro l .  '��he new way i s  rea ll;{ the "minimun /j, V"  
approa c h  VJh i ch had pi<':v:i o u s ly been treated a s  a lo1v probab ility cont ingency 
r:tod e . As a result i t  l . .Jn�: not automated but required flight controlleTs 
to manua lly i terate fo:c the burns .  S ince t l1 i s is nm1 t he :prime mod e  
and ',J i l,l be exerc i f:ed :"requently during ea c h :fli ;3ht , the :formulat i o n  i :' 
be : rv re•o'or .. "ed to eli l'Linate the manual opera t i on:; and make i t  truly 
opt i mu m .  'l'h i s  c h:Hlfi'' •·r · 11 have to be negot La ted 1>1i th Fli ght Sofb.Jare 
pe ople and II3Iv1, I :;u_p:no: ,c, • 

. , .  �'he analy:o c s -,,h:c : :h InfO been conducted :for purpo s e s  of e s tal' l j  c: h i nr ·· 
A V 1mdr;e t :.  and :orol::cciJ : li ty of maneuvers s iall have to be done d i :l'J'c ren tly 

for tlw r- n r:ll: rea s o n . I t  s hould result i.n a reduced !J.v :for both S FS  and 
TICS � 

' ) . I hr ve ::>. ttac hr.cd to t hi s  memo 8.n agend8 :for t '!e June 20 me e c l ng \·,' h i c h  
c ll:c: c :;c,rvc:· t o  J c -E' i n c  ::; ome ,,c ti on items uhi c h  were a s s i gned. .  I hope 

Geld expe c t. 'de can i. ce t l · i_ s \·! hole bus i ne r. s dmm 1>1 L thin t he ne xt c-.e\'eru l 

Enc losure 

Acld:c · '  · - r · : ·  

(f:c_�(' J i_ ; - 1 :  : _ �� �-::� c hed ) 



ImfAR EN'FRY AN:C TRANSE!illTII lJIJ:DCOilllliE CORRECTION (MCC) 

MISSION TECHNIQUES JI[E:E:TING 

JUnP 20 ') : 00 a . m. Room 306E>, Buildi nf': 30 
AGENDA 

1 .  F.sta :Jli r h  MCC thres nold valves governing whether to make the maneuver 
now or to \·la i 0 .  

( a ) HYL to prer>ent M,SE'N uncerta inties a f> a func ti on of t ime . 

( b )  GPB to pre:3ent ma.neuver di spers ions . 

( c )  MPD to dc f:Lne computationa l  uncertai.nt ies parti cularly a s  soc ia ted 
w i th  small HCS /:3CS maneuvers . 

( d )  GPB to pre rHmt HCS i.�v c o s ts for a c t ivi ty assoc iated H i th small 
ncs/scs maneuve:r�s . 

2 .  EstablL h preferred time to make a non.-G&N reentry land ing point 
control Jlaneuver for weather avo idance i.f it is neces sary. 

( a )  LRD to pres ent \·leather predic tion uncertainty as a function of 
t i me . 

( b )  MAil to pre:3t,nt IJ.v cos t to make t ne ;;e maneuvers m; a function 
of t :Lrne . 

J .  F'DB i s  to e s tabl i s h SCS ali gnment tech:'li que cons i s tant wi th small 
LranseaTtb MCC requ:L Tements ( i . e . ,  crude is good enough if i. t sav:cs 
c:m:ythlnr; ) .  

4 .  MA:B to pTe sent e :; t:Lma te of RCS !J.v cost using the multi SCS transearth 
MCC philosophy curre ntly planned, as sumi.ng corridor control only. 

) .  Establi ;;h logi c de:i'i ni.ng need for an MCC ( soon after TEI )  to c ont:c>ol 
location of the land i.ng footpr i n t .  

( a ) Lim t o  defi ne aGceptable displacement of the footprint from ·Jom LHa l .  

( 'b )  MPll to present ant i c ipated TE:I uncertainties due to MSE'N a c curacy 
1' b :  c h inf'lwcnce lo cution of the footprint .  

( c )  MPB to de£' inc /�v required at MCC l to move the f >otprint . 

G .  J•:f3 talJ l i  �; h preferred t i .me for the f irst MCC bc.sed on Ivill"N tracking 
rcqulrcmcnts , Colori s us l i mi tat ions , crev1 V�Orl<:/re s t  t i meline, etc . 

7 .  Hcvi cc1 Hi s s  ion 1'c chnLques E'low diagrams & rat io na le . 
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DATE: July 17 , 1()6CJ 
69 -PA - T-112A 

FROM PA/Chie:i', Apollo Data Priority Coordination 

SUBJECT: Gyro calibration and accelerometer bias u:pda te and redline values 

Chuck Wasson wrote a memo, dated June 2'(, 1969 , to Gene Kranz and me 
defining in detail the Guidance and Control Divis ion ' s  (G&CD ' s )  :position 
on " in-flight gyro calibration and accelerometer bias update and redline 
values . "  In it he :pointed out that both the Mission Rules and the Mission 
Techniques Documents should be brought into agreement with his recommenda
tions . Actually this subject has been discuGsed endlessly in the Miss ion 
Techniques meetings and elsewhere and so there were no surprises in the 
values and techniques :proposed , However, hiB memo does again draw our 
attention to the rninor differences in official  documentation and reminds 
us that that is a sloppy way to do business . I talked it over 1-1ith 
Cliff Charlesworth (FCD) and Mal Johnston (M[T.) and vie all concurred 
that the numbers Chuck Wasson :proposes are as good as any and we have 
taken steps to comply with hi s recommendation . Namely, future issues 
of Mission Rules and Mission Techniques Documents will conform with the 
G&CD ' s recommendations as  listed in the referenced memo . 

N 
Howard W .  Ti nda 11, Jr , 

PA :HWT : j s  

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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DATE : May l, 1969 

69-PA-T-67A 

FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Descent Aborts and subsequent Rendezvous Mission Techniques 

5010-108 

On April 28, 1969 we reviewed the Descent Aborts and subsequent 
Rendezvous Mission Techniques with the crew and the rest of the 
world . I think most of this is quite complete and agreeable to 
everyone concerned,  with one major exception. I was shocked and 
ashamed to find that I had badly misunderstood the situation regard
ing the CSM rescue techniques and ,  although there were plenty of 
ideas ,  the detailed techniques were not at all firm at that time . 
Subsequently, (April 30 ) a much smaller group of us beat that into 
the ground too . Therefore , this memo is to document my understanding 
of the agreements we reached at both of these sessions . I ' m  sorry 
it ' s  so long - just a big subject, I guess . 

l .  Abort after separation if there i[l to be no DOl 

During our meeting we inadvertently got into a lengthy dis
cussion on cond itions governing whether or not DOI should be attempted 
on the first or second opportunity. That, of course , is important 
but was not our real purpose at this meeting . We did finalli con
clude that in the event no attempt is made at DOI , the LM should use 
the brute force , immediate return technique for getting back to the 
CSM. The point is  the separation velocity setting up the equal period 
mini-ball orbit is so small that automatic closure is by no means 
certain.  Accordingly, when it is dec ided to abort, the crew should 
take positive action to establish a fairly substantial closing rate . 
The present recommendation is  that they should set up a closing rate 
which in feet per second is equal to eight times the current range 
expressed in nautical miles . Thi s is  the same procedure that should 
be used for fouled up DOl maneuvers . It is useable until about ten 
minutes after DOI . 

Some of the crew present expressed a concern that the factor 
"e:Lght" seems excess ive under certain circumstances and requested that 
somebody make sure it is really the best value . I guess this is your 
job, Mr .  Lineberry, if you can find time between now and July to handle 
it .  I think we should all realize , however, that simplicity in procedures 
may prohibit using the value that is optimum under all circumstances . 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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2 .  Abort if no attempt i s  to be made to initiate powered descent 

At one time it was cons idered impractical to go an extra rev 
and attempt_ PDI two hours late , primari.ly due to fear of an unacceptable 
rendezvous/abort situation . This has proven to be unfounded . The 
same rendezvous abort procedures work after an extra rev, although there 
is an extra cost of about 70 fps for insertion from descent aborts .  The 
extra insertion velocity does make APS propellant depletion more likely 
for late aborts , but the RCS can be used to make up the difference . 
Time required to complete a CSM rescue can be increased up to 12 hours 
and at a cost of 800 fps .  Thi s is used to put the CSM in a dwell 
orbit .  But,  this is  only neces sary if the LM experiences many failures 
and does not seem sufficient justification to scrub the landing attempt .  
Eight LGC descent abort coefficients for P70/P71 and one for the AGS 
must be updated in real time .  (Inc identally, the current plan i s  to 
update these in real time on the nominal mis s ion to account for dis
pers ions in the CSM orbit . ) A platform alignment should be performed 
by the LM prior to the second PDI attempt . The major open i tem i s  
for the Flight Dynamics  people to establish '"'hat Pad and command 
messages must be sent to the spacecraft and when.  ( There is  also some 
question of accuracy of the revised descent targeting . )  The primary 
concern deals with time available to do this . Incidentally, these 
same techniques may also be useable for a DOI maneuver delayed one rev . 

3 .  PDI Abort 

A PDI abort i s  only used if it is known that PDI will not be 
attempted or poss ibly, if the DPS engine does not ignite . Cons iderable 
thought was given to using an onboard capability for targeting this  
maneuver .  Specifically, the technique was for the crew to initiate 
the powered de scent programs follow.' ng the nominal time line through 
engine ignition and then hitting either the Abort or Abort Stage 
button to utilize the DPS or APS Descent Abort programs which auto
matically target the abort maneuver .  It was finally concluded, however ,  
that this technique by itself was not really adequate because spacecraft 
systems problems could occur at PDI time which would make it highly 
desirable not to have to commit instantaneously either to aborting, nor 
to going around another rev . That is ,  it  seemed almost mandatory to 
provide an abort opportunity a short time after PDI to provide a little 
time to think over the situation and dec ide what to do - go around and 
try PDI again, or to abort now . S ince the delayed abort opportunity 
was cons idered a requirement for thi s purpose,  the question boiled 
down to whether the crew and everyone else should learn and be prepared 
to use the instantaneous PDI abort technique as well . S ince there are 
some problems not yet worked out with it and special procedures are 
required , we concluded that it was best to drop use of the onboard 



technique and to provide a ground targeted abort opportunity at PDI plus 
10 minutes .  This abort would utilize the standard pre-thrust and thrust 
programs ( that i s ,  P30 and P40 or P42)  and PDI Abort Pad mes sage voiced 
to the crew before DOI . Since this maneuver assumes nominal conditions 
coming into- PDI , the targeting for this burn is essentially known today. 
Accordingly, Ed Lineberry is to supply the b,.vg values to FCSD to be 
included in the crew ' s c hecklist .  Simulations and experience may eventu
ally prove that the Pad mes sage need not be sent . 

Incidentally, if DFS ignition does not occur at PDI there is no 
need for the crew to remove ullage since it is  so small. 

1+ . Aborts from Powered Descent 

It has been established that a trim maneuver (we ' ve been calling 
it the "twea';;:" ) i s  necessary after LM insertion into orbit in order to 
compensate for known errors in the LGC abort target coefficients and 
measured dispersions in the insertion conditions . Tweak targeting will 
be carried out by the ��C (not onboard ) based on the best  available data 
source for cutoff state vector - ordinarily the LM PGNCS - and will be 
relayed to the crew within 1� minutes after main engine cutoff . The 
tweak burn is nominally horizontal but spacecraft attitude can be sub
stantially in error with negligible results . 

I thi.nk everyone agreed to the nece ssity of the tweak burn but 
there was considerable discussion on how the post .-insertion situation 
should be handled . We finally recognized that the thing that most con
fused the issue was the DFS . For example , plume impingement precludes  
making large burns while docked ,  making j ettison procedures neces sary 
under certain b.v circumstances . Systems problems might make it manda
tory that the DFS not 1Je jett:Lsoned, meaning that procedures were needed 
for both cases - staged and unstaged and so forth . There appeared to be 
minimal problems assoc iated w:Lth the situation if the LM had to stage 
the DFS in order to achieve orbit. This  led us to the final resolution, 
namely :  

a - If  the LM achieves orbit us ing the DFS and the V go is les s  
than 30 fps ,  the CSM will make the tweak maneuver at  DFS cutoff plus 12 
minutes - This maJ;Wve'.' will be under GNCS control using the SFS or RCS , 
whichever is called fo:� - In this case , the LM can carry the DFS as far 
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as docking with the CSM if t hat is cons ider·ed des irable or it may be 
jettisoned at any convenient time , provided the act of jettison is  carried 
out without any perturbation to the trajectory. If the DPS is carried along, 
it may be used for some of the rendezvous maneuvers . 



b .  If the LM insertion into orbit is  on the APS , the LM makes 
the tweak burn as soon as possible , probably within two minutesafter 
engine cutoff using the RCS and the "average G" program ( P47) . 

c .  The significance of "Vgo less than 30 fps " mentioned above 
is that if the DPS cutoff occurs with more than 30 fps left to be 
gained , the crew is supposed to Abort Stage and finish the maneuver 
on the APS . This i s  a rule we have agreed to for a long time . 

d .  The LM does not trim any /J.v residuals after main engine 
cutoff for any descent abort unless the MCC . fails to advise the crew 
within 30 seconds after cutoff that the MCC targeting will be available . 
The point here is that if the MCC has lost communication, which  includes 
even the high-bit rate telemetry needed for targeting, the course of 
action is  for the crevl to trim the res iduals as soon as possible . On 
the other hand, it is advantageous to wait if they are going to make 
the MCC targeted tweak burn . They s hould know wi. thin 30 seconds after 
cutoff which of these situations exis t .  

e .  The voice message from MCC consi sts of only two parameters -
TIG and /J.vx . 

f .  Just as in  a nominal mi ssion, the MCC will always update the 
LM state vector in  the CMC based on LM telemetry data regardless of which 
vehicle makes the tweak burn . However, if the CSM is the active vehicle , 
the LM crew must update the CSM state vector in the LGC using the target 

/]. V program, P76. 

5 ·  Late Aborts from Powered Descent 

Aborts during the first 10 minutes of powered descent utilize 
variable insertion velocity targeting in the LM guidance computers -
both PGNCS and AGS . The subsequent rendezvous sequence is essentially 
the same as a nominal rendezvous .  As a resu.lt, standard CSM mirror 
image targeting can be used to backup the LM and no special procedures 
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are required as ide from the tweak burn noted above . Hmvever, after 
approximately ten minute:o into powered descent the variable insertion 
targeting would result in  an apogee le ss than 30 n . mi . ,  which we consider 
too low . Therefore , aborts after that time are targeted for a standard 
low orbit - 9 by 30 n .mi .  and the rendezvous situation begins to degrade . 
That is either the terminal phase lighting cond itions or the coelliptic 
d ifferential altitude becomes undesirable . It is  recognized that for 
aborts occurring during an additional 40 seconds into descent the standard 
rendezvous sequence can be continued since v1e cons ider the resultant 
increase in differential altitude up to 20 n . mi .  acceptable . After that 
point, something else must be done . The something else i s  as follows -
:Ln order to maintain  nominal lighting and !J�H,  an extra rev is  required . 
�rwo extra maneuvers are required in the subGequent rendezvous sequence 
eosting a total extra /J.v of as much as 80 fps .  ( This extra /J.v cost 
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d imini shes to zero a s  1�he abort is  delayed . ) The first extra maneuver, 
called "Phasing , " occurs about 50 minute s* after insertion and is tar
geted by MCC to establi sh the nominal /::..H and TPI time . The Pha s ing 
maneuver is horizontal ; its /1v is a func tion of abort time . It will 
be transmitted by voice using the standard External f::..v Pad forma t .  CSI1 
i s  the other extra maneuver and occurs 180° after Pha sing . It is  tar 
geted onboard using an MCC supplied TIG � Following these two extra 
maneuvers,  the spacecraft goes through the standard CSI/CDH/TPI sequence . 
A ll of these maneuvers are , of course,  computed onboard . 

The CSM performs standard mirror image targeting a s  usual with one 
exception . Since the Phasing burn could be excess ively retrograde , the 
CSM backup of Phas ing mus t  be limited to about 50 fps . If this occurs 
and the CSM mus t  execute it,  the crew mus t  use some special P32 pro
cedures for CSI1 to compensate for the inadequate Phasing adjustments . 
( The complete procedure s are being documented thoroughly by MPAD and 
FCSD . 

That ' s  long and maybe confusing . In summary, let me point out 
the key things . Our problem - the one t ha t  took a day to resolve - was 
to figure out some way to work with both spacecraft so that : 

a .  The rendezvous s itua tion would be c:ompletely acceptable -
partic:ularly the lighting and adequate trac:king time and 

b .  That at any po int, either spacecraft could take over the 
active role as t he s ituation dic:tates and 

c .  That the technique be relatively s i.mple - e specially not 
loaded with spec:ial procedures that d i ffer from nomina l .  

The solution satisfies the se things very well much to the credit of 
Jerr·y Bell, Ed Lineberry, H .  David Reed , Milt Contella , and probably 
some others . 

The tasks to clean this up are : 

a .  OMAB - Pin down the precise timeline , f::..v • s and TIGsg 
lighting, range s ,  rates and angles - that i s  the reference trajec tory 
for a few key des cent aborts . 

b .  MPB - Establish the rendezvous navigation tracking schedule 
and all that goes with i t .  

* Phas ing s hall ac:tually occur at a fixed GET corresponding to the 
CSI time for an abort occurring at 10 minutes into powered descent . 
This GET time will be on a pre-DOI Pad .  
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c .  FCSD - Prepare the detailed crew procedures - particularly 
CSM - and identify which specific parts should be given highest simula
tion priority if  the crew can give � attention to them preflight . 

d . · OMAB - Compute the rendezvous maneuver biases which must 
be applied to one spacecraft solution for use by the other for the 
various abort modes .  

6 .  Aborts After Touchdown 

Current planning includes two "preferred "  times for aborts 
after touchdown . "Preferred" i s  mi sleading in that for the first 
stay/no-stay period, it i s  preferable to Abort Stage as soon as its 
need is recognized and then to carry out the rendezvous sequence 
precisely as described above in Section 5 .  
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Since it  is  considered undes irable to remain in the insertion 
orbit through perigee,  it 1,ras decided to establish a minimum Phasing 
burn of 10 fps which will always be executed ·by the LM to raise perigee . 
Thi s ,  of course, changes the stay/no-stay decision time about 30 seconds 
earlier and the second preferred abort time one minute earlier since 
it reduces the catch-up rate in the parking orbit .  

7 .  Here are some odd s  and ends of interest to me : 

a .  All rendezvous navigation, both nominal and following 
aborts in both spacecraft, will be operated to update the LM state 
vector regardle ss of which vehicle i s  active . This i s  done because 
the CSM state vector is known better inertially than the LM. 

b .  It  is important to recognize that  after a de scent abort 
there is a very good chance the LM will have a substantial DPS and/or 
APS capability remaining - particularly the latter . Some of these 
rendezvous maneuvers can be very large - up to 120 fps . The MCC must 
be prepared to assess and assist the crew in choosing which engine 
should be used to avoid all the many constra ints the LM has regarding 
plume impingement and APS restarts . Also, regarding PGNCS minimum 
burn accuracy and how to use the interconnect, etc . 

8 .  That ' s  it !  

PA : HWTindall, Jr . : j s  



,,...--. 

TO 

FROM 

OPTIONAL FORM NO. 10 
MAY IISZ EDITION 
GSA FPMR (41 CFR) 101-11.8 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : May 5 ,  1969 
69-PA-T-70A 

PA/Chief, Apollo Data Iriority Coordination 

SUBJECT : Descent Monitoring Mise  ion Techniques - a status report 

I th:Lnk we a:ce beginning to see the light at the end of the Descent 
Monitoring Mission Techniques tunnel .  At the April 24 meeting on 
that subject we thoroughly d iscussed the integration of the onboard 
techniques with the activity at the MCC during pov1ered descent and I 
feel the resultant is as  reasonable and complete as possible , con
sistent with practical operational constraints . 

One thing we have finally been able to get under eontrol was this 
squirmy idea that there is some way for the erew to compare the 
output of the AGS and PGNCS onboard the spacecraft with the objective 
of making abort and/or sv1itchover decisions . Obviously there is no 
question that a massive system failure will be obvious to them and 
their course of action will be clear . Obvious too , is the fact that 
the erew will be monitoring both of these systems as well as many 
other data sources throughout powered descent . But ,  now known to 
everyone , is the fact that there is  no way for the crew to compare 
AGS and PGNCS such that they are able to detect which system is mal
functioning, if that mE.lfunction is of a slow drift degradation type, 
at least not with the c. ssuranee necessary to take any action . There
fore , just as in the ee.se of ascent , not only is  the MCC prime for 
carrying out the ta sk of slow drift malfunction monitoring, but we 
now recognize that MCC is the only place this can be done . That, my 
friends ,  is a fantastic event - the death of a myth we have been 
haunted by for two years . Don ' t  get the idea I ' m  happy with the situa
tion . What I am pleased about is  that everyone now agrees it is the 
situation . 

There is another thing about powered descent crew procedures that has 
really bugged me . Maybe I ' m  an "Aunt Emma" - certainly some smart 
people laugh at this concern, but I just feel that the crew should not 
be d iddling -v�i th the DSKY during powered descent unless it is absolutely 
essential. They ' ll never hit the wrong button, of course , but if they 
do ,  the results can be rather lousy. Therefore , I have been carrying 
on a campaign aimed at finding some way to avoid the necess ity of the 
crew keying up the on-call displays . This campaign has not been alto
gether successful.  I guess partly because not everyone shares my concern . 

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



Although, I started out by saying the end is  in  sight, we still have quite 
a batch of unresolved issues which I would l:Lke to list here so that 
everyone can continue to think about them. 

a .  There i s  still a wide open question concerning what is cons idered 
our real time minimum landing radar data requirement in order that descent 
can be continued . There are many of us who j'eel that failure to obtain  
a certain amount of  good landing radar data by some point in the powered 
descent is  sufficient justification to abort - for example , land ing 
radar altitude updating by 13, 000 feet has been suggested as a require 
ment . The crew apparently feels that this constraint is  not real and 
that the ir observations - visual, I suppose ·· a:ce an adequate substitute . 
Just how we are able to integrate in  these real time crew observations 
to overcome the landing radar deficiency has not been established yet 
and I am not sure who , if anyone , is working on i t .  

b .  Although, a month or s o  ago, the decis:Lon was made that the 
crew is to manually backup the automatic switching of the landing radar 

· antenna position during a nominal descent, there is still substantial 
concern that this is not the right thing to do .  For example , the LM 
systems people point out that the switch the cre1v uses to do 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 automatic signal and send the antenna scurrying 
back to the position it  just came from. 

c .  I am still not content with the AGS altitude update techniques .  
That i s ,  how many times and when during powered de scent should this be 
done? 

d .  There is some point in powered descent after ·which it should 
be pos s ible to continue the landing with an :cnoperative gimbal drive 
actuator . Procedures for handling this situation in real time remain 
to be established . 

PA : H\'lTinda ll, Jr . : j s 
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TO 

OPTIONAL. FORM NO, 10 
MAY 1882 EDITION 
GSA FPMR (41 CFR) 101-11.5 

UNITED STATES GOVERNMENT 

Memorandum 

See list attached 

NASA Manned Spacecraft Center 

DATE : April 15 , 1969 

69-PA-T-61A 
FROM PA/Chief, Apollo Data Priority Coordina Uon 

SUBJECT : Let ' s  drop one of the lunar surface RR tests 

15010-108 

During our review of the G Mis sion Lunar Surface Mis s ion Techniques 
Document on April 10, we came to a conclusion which may interest you . 
It deals with the need, or really lack of need, for the crew to do 
s ome things that are in the current flight plan. Specifically, in 
the crew LM timeline, we have included tw·o periods of LM rendezvous 
radar tracking of the command module - the first is two hours after 
landing and the second is two hours before lift-off . Neither of 
these periods are really needed although it may be interesting to 
try it once . On the other hanq, it does require crew activity, uses 
electrical power, wears out the radar, and so forth and may even 
place a constraint on command module attitude during his s extant 
tracking of the LM. It was our conclus ion that at least one of these 
periods of tracking s hould be eliminated and we are recommending that 
it be the firs t .  The reason for deleting the first is that it 
interferes with the crew countdown demonstration (CDDT) for as cent, 
which is synchronized with the first CSM passage over the LM. If 
the crew were to perform rendezvous radar tracking, the CDDT would 
have to be terminated about 15 minutes before "lift-off . " By elimina
ting the rendezvous radar test, the CDDT can and should be run until 
about TIG minus one minute . 

Although we are not propos ing to delete it yet, it should be noted 
that the CDDT itseli' is of marginal importance and if it interferes 
with other more important activity, it could also be eliminated . It 
is  not a precise countdown, anyway, s ince obviously the crew must not 
fire pyros , bring the APS batteries on line, pressurize tanks , and so 
forth, unles s  they really intend to lift-off . This CDDT s hould cer
tainly be elimina ted from lunar landing mis s ions after the first . 

As noted in a previous memo, the command module sextant tracking of 
the LM is not mandatory either, although the flight controllers will 
us e the data if they get it to reinforce confidence in their other 
data sources .  And, of course, the post-flight people will undoubtedly 
find it interesting . Here again, though, it �lY be worthwhile to con
s ider omitting one of the two sextant tracking periods . We 

·
are not 

propos ing this yet either . 

l 
Howard W .  Tindall, Jr . 

PA :HWTindall, Jr . : j s  

Buy U.S. Sewings Bonds Regularly on the Payroll Savings Plan 



TO 

OPTIONAL FORM NO. tO 
MAY 1862 EDITION 

GSA FPMR (4t CFR) 101-11.0 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

DATE : Novenber 4, 1962 

68-PA-T-24lA 
FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT : When is the rendezvous radar designate routine (H29 ) needed? 

fJ r I 

&11 0-lOl 

George Cherry (MIT) asked if it is  pos sible to drop the rendezvous 
radar des ignate routine (H29 ) out of the descent abort program0 (PTO 
and P71 ) .  He gave me the impression that to do so now would s:cgnifi
cantly reduce their work and permit concentration in testing L1 more 
profitable areas . I don ' t know when the next Software Board meeting 
is  - soon I hope . Perhaps this would be a suitable subject to bring 
up at that time . 

, Howard W .  'J�indall, Jr . 

PA :HWTindall, Jr . : j s  

Buy U. S. Savings Bonds Regularly on the Payroll Savings Plan 
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OPTIONAL FORM NO. 10 
MAY 1Bil2 EOITION 
G">A GEN. R£0. NO. 27 

5010-107 

l' NITED STATES GOVERNMENT 

Memorandun2 
See list below DATE:MAR 1 8  i96B 

68-PA-T-63A 

FRO�f FA/Chief, Apollo Data Priority Coordination 

SUBJECT : ,  Lunar rendezvous abort summary 

1 .  A great deal of work has gone on over the years on the subject of lunar 
abort rendezvous , spearheaded by Morris Jenkins , Ed Lineberry, Buzz Aldrin 
and others . The results of some of this work have already been documented 
and more detailed reports are in the works . The primary reason I ' m  wri ting 
this note is to give you a layman ' s  summary of the s ituation a s  I understand 
i t .  Basi cally, it is not as complicated a subject as you may have been led 
to believe . Also, I want to make you aware that current planning involve s 
subs tantial use of the command module , more than ,you may have thought, s ince 
that ' s  a rather important thing. And , finally, I ' d  like to point out several 
places where inflight abort preparat:iOns i nfluence the nominal operations . 

2 .  First of all, I ' d  l.ike to empha s i ze one simple , very s i gnif:Lcant feature 
of tl .ese operations . All lunar rendezvous---nominal, contingency, abort- -
are e s sentially the same operation . The only two things that influence how 
i t  wj ll be performed are : 

( a )  The pha s ing :::ituation a t  the s tart ; that i s ,  whi c h  vehicle i s  a head 
of the other and how far, and 

( b )  -v1hich spacecraft is to do the various maneuvers . 
.. 

Perhaps they are so obvious and s imple that they' re not worth pointing out 
but H turns out everyth ing we do is based on them. It is to be empha si zed 
that current plans do not include exoti c ,  spec ial maneuver s e quenc e s ,  spa c e 
craft o r  ground computer programs , operational technique s ,  etc . In fac t ,  
all :�unar rendezvous - - ··from ( a )  Hohmann de s cent following DOI, ( b )  powered 
desc ent and hover, ( c )  lunar surfa c e ,  both nominal and abort, and ( d )  CSM 
rescue - - -are carried c·.tt us ing the s tandard four maneuver ,  rendezvous 
sequence---CSI/CDH/TPI/TPF. (For those who don ' t recall what that mean s ,  
see footnote , )  The va.riables t o  bring about rendezvous are the timing and 
magnitude of those four maneuvers , constrai.ned to o ccur within a limited 

1 Coelliptic Sequence Ini tiation ( CS I ) i s  a maneuver whic l1  e stablishes_ be 
proper pha s ing and d ifj'erential altitude condi tions at the Constant Diffe1·ern ic\ 1  
Altit•1d e (CDli) maneuve:, · point where the or1Jits are made cc ellipti c ,  Ter:ni !k'1l 
Phase Initiation ( 'l'PI ) e stablishe s  an intercepting tra j e c tory of one spa cecr::d t  
VI i th the other, and t he Terminal Phase Final ( TPF )  braking maneuver s tops tlk':;l 
from impacting each other . 

l ll . 
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number of revolutions (primarily · due to LM systems constra ints ) and d iffer
ential altitude constrained to be between 10 and 25 milec .  Unfortunately, 
the final approach often ends up being above instead of below as we \·JOuld 
prefer.  Thi s sequence i s  sometimes preceded by a CSM Hohmann transfer to 
a lmv orb i t  but only if the CSM is behind the LM at the time of abort and 
must assist  in the rendezvous . Accordingly, s tandard maneuver loglc is all 
that i s  needed in the RTCC/MCC and spacecraft computer programs . 

3 .  Let ' s  first d iscuss the s ituation after the LM has executed the Descent 
'. Orbit Insertion (DOI ) rr.aneuver and an abort :Ls required . (Nominally the CSM 

is in a 60 nm circular orbit and the LM is  in an 8 . 5/60 nm orbit . ) 

( a )  During this mis sion phase and even .to a point 30 minutes past  
nominal powered descent i.ni tiation (PDI ) ,  the LM can perform the rendezvous 
wi thout CSM assistance wi. thin 2-� revolutions . · Since the LM quickly moves 
ahead of the CSM during this mission phase ,  it must transfer to a higher 
orbit than the CSM to get back.  Accordingly, a LM active rendezvous will 
always be from above the CSM. Since the TPI times are soh�ly dependent 
upon the CSM orbi.t to give optimum lighting conditions , it is posc ible and 
s hould be a standard procedure prior to DOI to relay to the LM crew these 
values for a 1 and 2 revolution rendezvous so that they are readily available 
for onboard targeting of the maneuver sequence , if needed . CSI is  the LM ' s  
abort maneuver and it <Vill always be posigrade and horizontal to raise  the 
LM' s orbit above the CSM' s .  

(b ) If the LM is passive , the CSM must  catch up by dropping to a lo<Ver 
orbit than the LM. Ed Lineberry ' s  people have chosen a 20 nm c ircular orbit 
into which the CSM drop,; by making 2 canned Hohmann transfer burns of about 
60 fps each .  The first i s  executed one-half revolution after DOI Gnd the 
second one -half revolution after that . ( Inc identalJ.y, the rendezvous people 
are convinced that thi s Ci3M orbit and maneuver execution t�:_me is as good or 
better than any other, regardless of the time an abort s ituation is 
recognized in this mission phase . )  The CSM then carries out the standard 
CSI/CDH/TPI rendezvous sequence fi.nally arriving about 9i hours after DOI . 
One some<Vhat significant feature about all CSM active LM rescues is  that 
s ince the LM has a perigee of only 8 or 10 miles ,  it is imposs ible to pel:form 
a coellipti c  rendezvous from below. We can ' t  fly the CSM lower than that i n  
a coelUptic  orbit .  S o  all CSM active rendezvous are from above . In this 
particular abort case, it  is necessary for the CSM to stay in  the 20 nm 
catchup orbit  long enough to actually pass the LM and set up proper phasing 
for a f inal approach  from above . Accordingly, whenever possible the uV. 
should at least do the braking---not only to save CSM RCS fuel but because 

. of its more favorable approach  conditions vi. sually. 

( c )  If the LM' s Descent Propulsion System (DPS ) doesn ' .t work <Vhen the 
abort i s  initiated, or abort is due to DPS failure to s tart at PDI, it  i s  
our proposal to make the CSM active a s  outlined i n  (b ) i n  order to avoid 
stagine; the DPS with . all its nice consumables .  This would keep the whole 
process non-time critical. Of course , the LM should stage and become act ive 

,� at TPI or braking once everything is  under control and rend-=zvous i s  asst:rec . 
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Tbtal CSM delta V required to do this does not exceed about 18o fps in the 
worst phasing case (all SR3, except ullage ) .  This introduces an important 
concept . The nominal CSM timeline during LM descent s hould include targeting 
and preparing for the HoJunann transfer maneuver so it can do it if it needs 
to . It would countdown to go a little more than one hour after DOI . 

4 .  Now let ' s  discuss aborts from early Powered De scent ( PD) . During about 
the first 8 minutes of PD, or until about hi --gate , almost the same procedures 

·would be follmved as above , since the phasing at abort i s  the same---LM in 
front of the CSM. However, there are two significant differences : 

( a )  The LM using jus t the DR3 is  only able to achieve orbit for the 
first 5 minutes of PD. After that the LM must stage and use some AR3 fuel . 

( b )  The LM abort insertion orb it is  currently targeted for only 10/30 nm 
whereas the post-DO I orbit is  about 8 .  5/60 nm. Thi:3 means the CSM cannot get 
into a smaller ( shorter period ) orbit to do a rescue . That is ,  if the CSM 
circulari ze s at 20 nm it  will have the same period a s  the LM and Hill not 
catch up . This prompts a current program change request for the LM program 
(Luminary) ,  namely, to change early abort targeting in the DFS abOTt (P-70 ) 
and AFS Abort (P-71 )  programs to insert into a 10/60 nm orbit to permit CSM 
rescue if necessary. ·without this we don' t have a CSM rescue capability 
for this s ituat ion . 

( c )  If the LM does not have to stage to reach the 10/60 nm orbit ,  "e 
again propose the CSM perform the rendezvous ;just as described in paragraph 
3 in order to save LM com;urnables .  Of course, if the LM must stage- due to 
DPS failure or late abort (after 5 minutes into PD) ,  it  might a s  \oie ll go 
ahead and do the rendezvous , i . e . , active LM and passive CSM. 

5 .  Duri.ng the rest of PD (approximately after hi-gate ) through hover and 
even for the first few minutes on the lunar surface,  the pha s ing ha s changed 
such tha t if the LM aborts it will be trailing the CSM when it gets into 
orbit  again.  That i s ,  during PD the CSM overtakes the LM and proceeds ahead 
of it such that roughly after hi -gate, the LM should insert into the standard 
10/30 orbit  and, using the standard maneuver sequence , will rendezvous from 
below the CSM. CSI will occur 30 minutes after insertion just like a nominal 
rendezvous . Conversely, if after insertion (using the APS , of course ) ,  a 

CSM rescue of the LM is required, the pha sing is  rigllt for the CSM to perform 
the standard maneuver sequence---essentially "mirror image" of the LM 
maneuvers---to reach  the LM from above . In ei ther case, t he rendezvous can 
be accomplished within two revolut ions . 

6 .  Note then, that during the LM' s Hohmann de:3cent after DOI, the CSM tra:ills 
the IJJI by an increasing amount making the phas:lng situation progres sive ly 
worse . 'rhis  trend revcrseG during PD until at some instant;  shortly after 
hi -gate the phasing is perfectly nominal (when the LM achieves orbit foll01;
ing an abort ) .  After that, the pha s ing degrades again but this time >vith 
the CSM lead ing the LM, sueh that the rendezvous by the LM is as  we prefer--
from belovl . The only thing is  that the later we abort the longer i t  takes . 
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One thine; i s  evident from t hi s .  From an abort traj e c tory s tandpoint there 
is a "preferred" period to abort . · Therefore , if pos s ible, we should attempt 
to select the "Go/No Go for land ing" time inPD within this per iod . Of course , 
many other cons iderations are involved in this choiee , too . 

7 .  Fina lly, I ' d  like to discuss aborts from the lunar surface . Muc h  has 
been sa id about " anytime :Lift off" and a .  grea t  deal of work has gone and 
i s  going into it . Personally, I feel it ' s  time we knocked tha t  off, and I ' ll 
expla in why and w ha t  we s hould do instead. But , first I ' d  like to point out 
a remarkable s imilarity of the LM' s lunar surface s ituat ion to any of our 
manned earth orbital mi s s ions . On the latter, immediately after insertion 
into earth orbit, critical parameters are c hecked and a Go/No Go for one 
revolut ion i s  e;iven.  And the spacecraft either aborts or goes one revolution. 
After that Go/No Go ' s  for more interger revolutions are given a t  lo�i cal 
time s - - --Go for six, Go for 16, e tc . Reentry at the se tj.mes is seriously 
prepared for and that ' s  where the effort goes . Of course, some cons ideration 
i s  given to coming down in between these planned recovery areas due to 
critical systems fa ilure s but not much .  It can be done but "anytime reentry" 
would be BAD NEWS ! We have the same s i tuation with the LM on the �unar 
surface . Immediately after the DPS i s  shut off after land ing, the spacecraft 
s hould be maintained in the same s ta te as during hover for about three more 
minute s .  That i s ,  the guidance system remaim; in the same program a s  used ·  
during terminal descent and everything remains prepared to "abort stage . "  
During this three minutes ( or whatever ) t he crew and the ground mal<:e a rapid 
c hecl<: of a ll crit ical systems and spacecraft s tate ( such as tilt, etc . ) .  
Then a " Go/No Go for two hours lunar s tay" i s  given.  If it ' s  No Go - - -
"abort stage" into orb it and follow t he s tandard rendezvous procedun: s noted 
above . If it ' s  a Go for c' hours lunar stay- --- s tay and s tart prepa ring to 
lift off in 2 hours , if ne c e s sary . Thi s i ncl!J.d e s  platform alignments ,  
guidance sys tem targeting, etc . ,  and all the re s t  of it . From here on i s  
a series o f  Go/No Go ' s  for more integer revolut ions ( CSM ' s )  on some logi cal 
ba s i s  and serious preparations ( targeting, etc . )  s hould be earried out I�or · 
them . 'l'ha t '  s where the effort s hould go . That i s ,  if thi ngs go bad , lau,nc h .  
when ',�he CSM comes over again with nomi nal pha s in g .  Spec ial provisions 
s hould not be ma de to support a true "anytime launch "  capab ility .  Tna t ' s 
BAD NEWS ,  too ! Of course ,  MCC/RTCC programs and di splays are ava ilable 
to handle t he s i tuation if it were to occur, but on a low probability 
contingency bas i s . Under some pha s ing s i tua tions , propellant requireme nt 
and spacecraft fa ilures ,  etc . ,  rendezvous would not re sult . 

8 .  Ft-;rthermore , just like for reentry, I propose discrete lift off time s .  
for tbe nominal LM lift off. The countdown should include ade quate time ,  
bui lt - i n  hold s ,  etc . ,  to  insure being ready to go o n  time--·-once per CSM 
revolut ion . If that opportunity is mi ssed wa it two hours and get the 
problem tha t delayed lift off s traightened out . Wha t I ' m  saying i s - --all · 
plann ine; , procedure s ,  ground rule s ,  tra i nin8 and s imulations , etc . ,  s llottl,� 
be oriented to thol;e "probable" lift off times ( i .e . ,  3 minutes after TD 
and on-tLme once per CSM revolution ) ,  just like we do for earth orbi tal 
reentr,y. 
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9 .  Well- --that was a lot of' reading . I hope it helped straighten out for 
you what lunar rendezvous aborts are all about . If you still don ' t under
stand it ' s  not because it ' s  complicated , but rather because I d idn ' t  
explain i t  well enough. So give me a call . Or the people who are really 
doing the work . 

Addressees : 
(See attached list) 
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File No . 68-FMl3-445 

FROM FM/Chief, Mission Plarming and Analysis Division 

SUBJECT : Data requirements during rendezvous sequence 

The purpose of this memorandum is to establish a requirement for high 
bit rate (HilR ) telemetry data during the mis sion "c " rendezvous sequence. 

In a recent postflight analysis meeting between GCD and MPAD , it was 
discovered that , based on the current flight plan , the onboard recor
der was to be on a l01v bit rate (LBR) for the final phase of the ren
dezvous (from TPI through TPF ) .  Since the final phase will take place 
largely out of sight of ground tracking stations,  if only LBR recorded 
telemetry data is recovered , a thorough analysis of the rendezvous 
systems , ground as well as onboard,  will be impossible . 

The standard used to evaluate performance of both the RTCC and the 
G&N system is the Best Estimate Trajectory (BET ) ,  The BET is gener
ated postflight from a best fit of all available tracking data, aug
mented during maneuvers by velocity time histories recorded by the 
G&N system. When a number of maneuvers w:i.ll be made between stations , 
as in the rendezvous sequence , the G&N data will be mandatory for 
valid traj ectory reconstruction. In the LBR record mode , the time 
history of G&N velocity cannot be recovered from the data. 

Therefore ,  it is requested that DTO 20 .13 be changed to make HBR 
recorded telemetry data mandatory for the terminal phase of the ren
dezvous , and that the crew procedures and flight plan reflect this 
change . As a minimum, the DSE should be switched to HBR 10 seconds 
prior to each maneuver and held there until 10 .seconds after the 
maneuver (and any res :Ldual nulling) is completed . 

RPP� 
Addres se•� s : 
CA/D . Slayton 
PD/0 . E .  Maynard 
FC jr,;; . F .  Kranz 

cc : ( se·� attached list ) 

CV/8 -�'p, � 
hief, Mission Plarming 

and Anal.ysin Divis ion 

Buy U.S. Savings Bonds Regularly on the P,:tyroll Savings Plan 
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Lunar rende zvous shaping up 

DATE : JUL 2 1 9 68 
68-PA-T-14 {A 

l .  On June 26 we took another wack at the "G" Rendezvous Miss ion 
Techniques ,  I think we now have most of the basic  things squared 
away so that we can get into the detail with some confidence . The 
most  significant decisions were : 

a .  To make the new plane change maneuver discussed in t he last 
report with the LM as long as RCS propellant i s  adequate. 

b. To add IMlJ fine alignments into both the LM and CSM timelines 
right after LM insertion. 

c. To increase the time between LM insertion and the CSI maneuver 
to 50 minutes .  

d ,  Since that decreases the CDH/TPI b.t and increases the CSI/CDH 
b.t ,  to move the new plane change maneuver from 30 minutes after CDH 
to 30 minutes before CDH. 

2 .  I t  is  interesting to note that the time line now i s  very s LmilLlr to t i ;c 
second half of the "D" miss ion rendezvous and not so darned crov1ded as i. t 
used to be . It looks like this now : 

50 

INS CSI PC 

50 70 

30 

CDH & 
PC 

10 

TPI 

l 7 

3 .  Ed Li neberry and his guys have done some good work s i.nce our la s t  

meeting, which led to their proposal to make CSI 50 minutes after LM 
insertion into orbit.  This not only reduces the timeline crowding in 
that busy period, but improves the CSM rendezvous navigation. You see, 
f: ince we moved TPI about 45 minutes later (to midpoint of darkness ) , the 
relative range at insertion increased to about 320 nautical miles . By 
clelayine CSI ,  we ITlB.intain t he range at about 150 nautical miles at CSI 



as i t  was before . Thi s also makes it possible to add the IMU alignments 
of both the LM and CSM into the nominal timeline after insertion. We 
feel this is  quite an advantage s ince the LM really needs one after 
Ascent, prior to rendezvous navigation - and the CSM alignment 1-1ould 
have been over four hours old at TPI. And we would have been forced to 
add it in as a contingency procedure if the LM crew couldn ' t  see stars 
through the AOT in the lunar surface . 

4 .  :J bifti ne CSI later forces CDR to move also, as s hown above . Th i c; 
le,Jds to the "final" change - moving the plane change to before rather 
than after CDR. Although we had previou:;ly been inclined toward making 
this burn with the CSM, everyone agreed that as long as the LM has the 
fuel it can do it with the least impact on everything . This i s  because 
the LM lateral thrusters are pretty well aligned through the e . g .  a t  
this time in the miss ion so  we can use them making an  IMU alignment 
unnecessary. In fact, we are so anxious to avoid realigning that CSM 
three gimbal IMU we concluded that if the LM fuel becomes marginal we 
should do CSI ,  CDR, and TPI all with the CSM if  that permits the LM to 
do the plane c hange . Tradeoff of CSM maneuvering rather than the LM will 
be based on LM RCS propellant remaining, red line values e stabli shed 
pre -flight . (Action item for Guidance and Performance Branch ) 
5 .  Some associated ground rules follow : 

a .  The plane change will be made by the LM no matter hov small -
i . e . ,  there i s  no mini!TD..lm thres hold . 

b .  The CSM does mirror image targeting for all LM burns except 
the planechange ( to avoid the out-of-plane ali gnment ) . 

c .  If the LM becomes pas sive before CSI ,  the CSM will use the 
maneuver sequence illustrated above including an out-of-plane alignment 
for the plane change . 

d .  If the LM becomes pas s ive at the plane change , the CDR will be 
targeted to force a node 20 minutes after CDH to insure adequate time 
for TPI preparation. 'rhis i s  a little more expensive than 30 minutes ,  
vJhich is  the " natural node, " but i s  worth i_t to  avoid a jam up at  TPI . 

6 .  MPAD wi ll prepare and d istribute a memo def'ining the many par2metet'fi 
of Lntcrer;t based on thi s  new timeline . At our next meeting we ' ll review 
that r1 nd the rendezvous nav:Lgation trackinr; schedule . We� will also stnrt 
the tradeoff of the varlous guidance systems . You know - shall we put 
rcndczvom: radar data :Ln the AGS ? etc . 

��i�J� · 
PA : HWTindall, Jr . : j s  
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DATE : JUN 2 1 1968 
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SUBJECT :  Let ' s add a plane change into the lunar rendezvous timeline 

The J·une 13 Lunar Rendezvous Mission Techniques meeting was devoted 
to how to handle the plane change . As noted in m,y last bulletin, 
this problem had to be solved before we could do any meaningful 
work in the aevelopment of lunar rendezvous mission techniques . In 
my opinion a pretty good approach has been agreed to . It involves 
the addition of a new maneuver in the timeline , specifically, for 
cleaning up the out-of-plane situation. Although it  is  not certain, 
I expect this maneuver, which will occur at a fixed time - 30 minutes 
after CDH - •Till be performed by the CSM. It is almost mandatory to 
schedule this burn at a fixed time on such a short rendezvous as this 
in order to prevent it from interfering with the other maneuvers and 
the rendezvous navigation. However, as you know, unless it ' s  controlled 
somehow, a plane change (i . e . ,  the node ) might naturally occur anywhere . 
Therefore , several other things also had to be settled to permit this 
particular approach.  'I'hey are : 

.c. . The LM shall burn whatever out-of-p:lane velocity i l  known to 
exist; at the CDH time as part of the CDH maneuver .  This w i  11 force a 
node 90° ( i . e . ,  about 30 minutes ) later . Both the LM and t he CSM have 
the onboard capability of computing this :parameter using Routine 36, 
and the CM crew can input it into the CDH targeting. (The CSM will use 
the same routine to target its plane change 30 minutes later . ) 

�' . In order to keep the out-of-plane component of the CDH maneuver 
within reasonable limits, it  is necessary to set up a nominally in-plane 
situation at LM insertion. If this is done , the CDH out-of-plane will 
only be due to MSFN Ascent Targeting error and LM PGNCS dispersions 
during Ascent .  These together are estimated to  be  no more than 3 5  fps 
which is approximately equal to the in-plane component . This means we 
shouldn ' t  have a LM gimbal lock problem there • 

. , • There are two ways of doing this . Either the CSM n,u.s t make a 
plam change prior to IM Ascent or if the required plane cl ange is less 
than 50 fps ,  we can yaw steer the LM into the CSM plane du: ing Ascent . 
That is ,  if the pre-Ascent plane change required is that S'.Jall, we can 

. :probably simplify the operation by "dog legging" the LM Ascent and omit
ting the pre-Ascent CS�[ plane change . 



l; . TPI was scheduled to occur 20 minutes before darkness . However, in 
order to provide time f'or this extra maneuver, FCSD has a greed that TPI 
can be moved later. Their second preference is a good one - midpoint of' 
darknes s .  This gives at least 67 minuteB between CDH and TPI which makes 
the new plane change maneuver fit in nicely. The timeline looks like 
this now . (All the numbers are minute B . ) 

1-- 35 43 
CDH 

INS CSI and 
LM PC 

30 37 

PC TPI 

7 l�l8 14� �--------�3�/ ----------��-------��---------,rl 
5 . Note that we have moved CSI from 30 to 35  minutes after insert ion 

and I ' ve asked Ed Lineberry to see if we can move i t  even later.  The pre 
CSI timeline i s  quite crowded and if the LM ha s to do an IMU alignment 
after insertion, they will not get much rendezvous tracking in. 

6 .  To do the plane change, the CSM ( or LM) will have to reorient the 
IMU, probably by pulse torquing . In order to minimize the induced error 
wh�_ ch is proportional to the extent of' the reor:Lentation we should probably 
only move the platform the amount neces sary to avoid gimbal lock - say 20 

or 30 degrees .  This would mean the crew will not have the FDAI ball at 
0 , 0 , 0  f'or the burn. 

7 .  If' the CSM doe s the plane change , it may be preferable to omit all 
sullsequent sextant tracking and to rely on VHF ranging only . Wi th the new 
TPI time , there is likely to be some sun interference anyway and i t  sure 
s implifies the CSM pilot 1 s task.  

A t  the next meet ing we ' ll pin down which vehicle should make the plane 
c hange , review the rendezvous nav.igation tracking schedule f'or both 
ve hidc a ,  and beein Co fill in the �ll.<-��J ... ' . 

Howard W.  Tindall, J�f' 
Enclosure 
List of Attendees 

Addressee s : 
(See list attache d )  

PA : 1JWTlnfl nll, Jr . : j s 
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1 .  On jV'.g_y 28 we finally kicked off the Lunar :tl.endezvous Miss ion 
Teciniques business .. Because of the imminence of mi ssions "D" ar.Cl. 
":8" , we started on those first some months ago .  Now I wish ·He hadn' t 
because they are so darned complicated.  I have a feeling the lunar 
rendezvous can be f'�rli shed up quicker than they can and, of course, 
some of the things "lve are planning to do in the lunar opera·c j on snculd 
influence how to go on the development :flights . 

2 .  This meeting was devoted to establishing some ground rules upon 
which we can base our work as well as making a cursory survey of 
anticipated problem areas requiring special attention, This memo 
will do little more than list these items . Some of the assumptions 
are debateable , of eourse, and if ultima tely proven wrong, will require 
changing some things . However, we have got to get s tarted some1vhere . 

3 .  The following i s  a list  of the ground rule:3 we established: 

a .  Assume Luminary ( the LM spacecraft conrputer program) will remain 
as des igned today for the lunar missions . 

b .  Assume Colossus ( the command module spacecraft computer program) 
will be the same as designed today, plus the addition of the CSI and 
CDH rendezvous targeting programs and the addition of IMU pulse torquing. 

c .  Assume the VHF ranging device on the command module is  operational. 

d .  Assume the "G" miss ion lunar rendezvous operation is  as currently 
planned .  That i s ,  i t  should be completed wi th:Ln approximately one 
revolution. The coelliptic differential altitude is 15 n .m. and the 
terminal phase transfer angle is 130° . 

e .  As sume LM liftoff shall be on-time only. That L-- , there i s  no 
launch window . 

f .  Assume MSFN rendezvous assistance (that i s ,  part: cipation ) i s  
m:Ln ·_mal as long as tbe situation remains essen·cially nom�nal. 



g .  Assume all in-orbit LM maneuvers -will be made with the RCS 
propuls ion system. 

h .  Assume both spacecraft will update the LM state -rector based 
on their rendezvous navigation. 

2 

i .  Assume that if an out-of-plane s ituation exi co ts after LM a s cc m:; ,  
all necessary maneuvers will b e  made p:cior t o  �'PI t o  es tabli s h  an in
plane rendezvous s itua-cion during terminal phas e .  

0 .  Af; sume all plane change mEmeuver targe t ing -co be execu·ced by 

ei tt1er vectic le will be done ·oy the CSM based on its sextant tracking. 

4 .  The following i s  a list of problem areas , some large and some rather 
trivial for whi c h  we mus t  seek answers : 

a .  By far the most s i gnifi cant i s  the problem of how to handle the 
out-of-plane s itua tion. More on thi s  later in the memo . 

b .  What i s  the source of the LM s tate vector in the command module 
computer after LM insertion? 

c .  S hould frequent VHF range ambiguity tests be made by the crew 
as a s tandard procedure ? 

d .  Should we inc lude onboard determination of radar angle bias in 
the PGNCS ? 

e .  S hould rendezvous radar data be input to the AGS ? 

f .  S hould in-orb i t  platform alignment10 be performed by e i ther 
spacecraft after LM insertion into orb i t ?  

g .  Should the C:3M be targeted for a Holman Transfer t o  prote ct aga ins t  
a low LM insertion orbit a s  a s tandard ( that i s ,  nominal ) procedure ? 

5 .  I believe for the first t ime the queH tion of how to handle the out
of-plane s i tua tion on the lunar rendezvous i s  being attacked. Primarily 
as a result of our b•3loved three gimbal platform (choke ) any Cl ifference 
in the LM and CSM or·o i tal planes becomes difficult to handle , Current 
e s t i.mates of MSFN targetin:i uncertainty for the LM a s cent plu ; LM PGNCS 
errors de ring as cent as sur< ' us that an out-of-plane s i tuation v ill exi s t .  
Therefore . a bas i.c  que s t ior, to be resolved i s  - s hould we plan a s  a 
nominal p1·ocedure i n  the t imeline to make a maneuver specifically for 
settinG the two vehicles i n to the same plane . The alternate, of cour s e ,  
is Bomeho1-1 t o  p i c k  UJl JYl e ce s o f  the out -of-plane b y  incorporati:1g ou.t
of-plane components into tho CSI/CDH/TPI burns as much as we can ana 



thr;n tah: care of the rest  of it in the terminal phase mid course 
!ll!J nr:uv•cr�; . Most of us are inclined to think we should provide a 
special maneuver probably us ing the coMnand module . Of course, this 
idea immediately leads to another, namely why not eliminate the coMnand 
module plane change prior to LM ascent and incorporate both that and 
the dispersions picked up during ascent into a single burn performed 
after sufficient in-orbit rendezvous navigation to determine the 
actual situation. There is a sort of philosophical question here 
s i.nce if everything worked perfectly, no post-ascent plane chanc;e 
would ·be required if we made the CSM ma:1euver before ascent.  :L c;  v1u s 

the opinion of the majority, I think, that we 1·/0uld be naive tc th:�rj 
tta t everything will work perfectly. Son:e of the bas ic questions to 
be answered in order to make this important decision deal with ics 
effect on rendezvous navigation and the impact of an extra maneuver 
on the time line . For example : 

a .  How does th is effect rendezvous radar navigation? 

b .  How does this effect VHF rendezvous navigation? 

c .  If we pulse torque the platforms , will that introduce 
unacceptable errors in the rendezvous ? 

d .  What platform orientation should be used in the CSM before 
and after the plane change ? 

e .  How does th:ls effect the coMnand module mirror image maneuver 
targeting? 

f .  What is the maximum plane change delta V which .:an be left 
un til terminal phase? (This  also has implications on RL!S delta V 
residual trimming and poss ible use of SPS only . ) 

g .  Should the out-of-plane maneuver be made at its natural node 
or should two burns be planned instead? 

h .  Should we plan any out-of-plane yaw steering during ascent? 

i .  One important matter which Ed Lineberry will discuss with 
Milton Contella (FCe·D ) prior to the next meeting regards selection of 
op- .imum 'I'PI time ,  currently set at 20 minutes before darkness . The 
qw stion is how undesirable from a lighting standpoint i s  it  to move 
nor inal 'rPI time later - perhaps even to midpoint of dar :mess - in 
orC: er to give more t ime in the rendezvous sequence to pe �form the plane 
chc nge maneuvers .  

3 
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6 .  Well, there are a lot of quer:;tions and few answers . As I noted 
previously, its impact is so great on everything, we really must decide 
what to do about the plane change before we can get anywhere . So that 1 s 
what we ' ll talk about at the next meeti.ng - June 12th. 

Hm.1ard W.  Tindall, Jr . 

Addressees :  
(See list attached ) 
PA :HWTindall, Jr . :  ,j s 
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MAY 1�Z EDITION 
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UNITED STATES GOVERNMENT 

Memorandum 
: S ee list attached DATE : October 1'5 , lSJCcl 

68-PA-'l'-n9A 
FROM : PA/Chie:f, Apollo Data Priority Coordination 

SUBJECT : Luna:r Rendezvous Miss ion Techniques 

A number of people who know about the rendezvous :radar (Myron Kay-cor:, 
Richard Broderick, etc . ) came to our little Lunar Rendezvow3 Mission 
Techniques meeting October 2 and assuaged our anxieties regarding the 
poss ibility of poor shaft angle measurements when the line-of-sight to 
the command module pas ;;es close to the lunar horizon. Accordi.ng to the 
data they presented, the error introduced. by mult:L-path in the rendezvous 
radar data i s  essentially lost in the noise :for elevation angles above 
10° from the horizon. (During the nominal lunar rendezvous tracking 
begins at approximately 10° elevation and approaches 20° at CSI . ) 

Ed Lineberry' s people have made suf'fic ient runs to show that it  i s  
poss ible to use the same CSI targeti.ng data computed i n  the CMC for 
LM maneuver solution comparison (properly biased ) and for CSM mirror 
image maneuver targeting . We are currently recommending that the CMP 
use P32 rather than P7�� s ince this would avoid the necessity of going 
through two pre-thrust programs . 

One of the most significant things coming from the meeting,  I think, ''a s  

a report by the Math Physics  Branch people to the effect that the rendezvous 
rada:r data is not expecte<i to be of sufficient accuracy to target plar,e 
change maneuvers prior to terminal phase . The estimated errors are simply 
too great (e . g . ,  11 fps , one sigma ) . 1\ccord:Lngly, all plane chane;e tare;et
i ng prior to terminal phase must come from the CSH which can do an excellen-c 
j ob given as little as 10 minutes worth of sextant tracking ( o , 5  fps , one 
s igma ) . This does introduce sort of a problem since the techni que for deter
mining the magnitude of' the plane change maneuver is to input the t ime of 
interest into the R36 routine . Unfortunately, if we put in the time of the 
LM maneuver, the solution would apply to the out-of-plane the command module 
should make at a substa.ntially different place in orbit .  For example, at 
CSI the command module is leading the LM by as much  as 12° . Of course , 
the CMP could go through some "mickey mouse" to bias this time as a function 
of this phase angle baE.ed on some charts or something . However, he i s  
already pretty well bo�;ged down with other work and so  we are goine; to put 
in  a program change req,uest for COLOSSUS II giving us a solution basec on 
the IoM state vectors rather than the C�3M s tate vectors someHhat as the 70 
series programs compliment the 30 serie s .  
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Ja ck 1.-lr i p:ht , CJ:'R1;J , had an intere s t ing i d e a  :cegara L:tr; the tec hr, i quc fo:c c i:c, c !<: 
i nr� the va L d i ty of tlF' VHF range data . It i s  h i ;;  i mpre s s ion thet tbc· 
rr;ndrc zvou:; radar rane{C and range rate meu. surr;ments are e s s e nt i a lly i nc e penri 
ent of' one another, i n  effe c t  providing to1o data :�ource s  for compar i roon ···i : t :·, 
the VHF . Agreement of' e i ther of these vi i tr. the V:i:F would prov ide confir: e r.cc 
in its use . The crew d isplay of raw v:H:B' data is not really a c c e s s ible to 
t he CMP in the lower equipment by and , of' cours e ,  does not provi.de range 
rate at all . The refor e ,  the compari son r.:tu.st be against the DSKY d i s play 
of range and range rate based on the naviga ted s tate vectors w h c c h  inclulle 

the sextant observa tions . Ic seems to us , i n  lieu of real data t hat thi. ,� 
is probably a valid te :3 t of' the v:H:B' s i nc e  i.t probably overwhelms t he 
sextant data in the determina tion of' naviga ted range and ranr:;e ra "ce .  I 
would like to emphas i z•; that thi s i s  a proposal re quiring ver i :::" i ca t i o r:. 
and may prove to be no·� usea.ble . However ,  I thought i t i nter·es tl.ng e::o<.ct":c1 
to pas s  on to you . 

PA : HWTinda ll, Jr . : j s  
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MAY 1M2 EDITION 
GSA P'PMR (41 CFR) 101-11.1 

UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : July 14, 1969 

69-PA-T-109A 
PA/ Chief, Apollo Data Priority Coordination 

SUBJECT: How we will handle the effect of mascons on the LM: lunar 
surface gravity alignments 

What do we do if one of those big damn lumps of gold is  buried so near 
the LM that it screws up our gravity alignment on the lunar surface? 
Without exception, the calculations of all the various far-flung experts 
predict that mascons should have rio s ignificant effect on our lunar sur
face gravity alignments . In fact, based on this we have chosen to use 
gravity alignments nominally as opposed to star alignments .  They are 
easier to do and probably more accurate . A few of us got together the 
other day, though, to figure out what to do if, contrary to expectation, 
some sort of weird gravity effect is noted, which appears to be acting on 
the LM on the lunar surface . This memo is to tell you about that . 

As you know we have several sources of data for determining the LM' s  
pos ition on the lunar surface (RLS ) .  One of these is  through the use of 
data obtained from LM platform measurements of the direction of the lunar 
gravity and from AOT ob:servations of the stars . If this determination, 
using the LM data, disagrees substantially with the other data sources, 
we must consider the po:s s ibility that it ' s  due to gravity anomalies . The 
sort of difference we are willing to tolerate is 0 . 3° in longitude , which 
is more or less equivalent to 0 . 3° pitch misalignment in the platform. 
True alignment errors in excess of that could present ascent guidance 
problems . Since 0 - 3° i:3 e quivalent to about five miles ,  you ' d  expect the 
crew ' s  estimate of position could probably be useful in determining the true 
situation . All they' d  have to do is tell us they are short or over-shot 
the target point a great deal . 

If uncertainty still pe:rsist s ,  it seems we must believe the gravity and use 
it for our alignments - both PGNCS and AGS . That is ,  we have more faith in 
it than in our other sources of RLS determination .. However,  if examina
tion of all these sources convince us that the gravity does have some fun
nies greater than 0 - 3° associated with it ,  we would have to modify the crew 
procedures in real time such that the ascent platform alignment is done 
using the stars (Alignment Technique 2 )  rather than gravity. 

Consideration was given to hedging our bet by aligning the PGNCS to the 
stars and using the lunar gravity alignment in the AGS . Further considera
tion, however, revealed an interesting and somewhat sad thing . What we 
actually discovered was that the ground trajectory processing during ascent 
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i s  also affected by downrange position error - that old demon that seems to 
be plaguing us in so m�ny ways recently. The fact i s  that throughout a s cent 
we would never know which system was right and so we would never have the 
intelligence to switch over from one system to the other. In other word s ,  
there is  no point in using different Alignment Tec hniques for the two guid
ance sys terns . 

The problem noted above i s  primarily in SUIJport of As cent 1 rev after land
ing. After that, additional very accu1·ate source s of RLS determina tion 
become available . Spe,� ifically CSM sextant tracking of the LM is always 
the prime source and i:f Mike has trouble on one try, he s hould try again 
on later revs - there are plenty of opportuni tie s and little else to do . 
I:f he still fails and the uncertainty noted above exists , we have the 
s ituation in which LM :rendezvous radar traeking of the CSM becomes manda 
tory. You recall we deleted this from the timeline with the understanding 
it would be reinserted if we could determine RLS in no other way and thi s 
i s  that case . We sure don ' t  expect this to happen, but if it doe s RR will 
be needed . 

In summary then : 

a .  We s hould always align both AGS and PGNCS to the same data source , 
gravity or stars . 

b .  We use gravity unle s s  we have some eoncrete reason to que stion it -
such as all data sources including the crew estim9.te o:f RLS are in d i s 
agreement with it by more than 0 . 30 i n  longitude (pitc h ) . I n  that ca se,  
use tne stars (both AGI3 and PGNCS ) . 

c .  Naturally longitude initialization error louses up the ground 
a s cent trajectory monitoring just like it doe s descent . 

d .  If RLS uncerta inty pers ists,  either CSM sextant or LM RR traeking 
o:f the other vehicle becomes mandatory . 

4a�.�-�-
PA : HWT : j s  
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : July 10, 1969 
69-PA-T-105A 

FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Tweak burns 

If you can stand it I would like for you to hear the latest on tweak 
burns - the trim maneuvers made after LM insertion from a descent 
abort . I thought we had this settled and on ice a couple of months 
ago but some things have happened which probably make it logical to 
revise the tweak rule s .  The things that have happened are : 

a .  The LM RCS plume impingement constraint:3 have been substan
tially reduced .  

b .  Simulations have shown that the Flight Dynamics Officer (FDO )/ 
RTCC capability of eomputing the tweak maneuvers on a timely basis is 
much  better than anticipated .  

Some FCSD, FCD, and MPAD guys got together July 8 and came up with the 
following : 

a .  Our previous rule was quite simple ; if the LM inserted into orbit 
with the DPS a ttac h(�d , the command module would make the burn; if the LM 
had staged , the LM 1muld make the maneuver . Now that the LM has been 
modified with plume deflectors and additional thermal protection, it ha s 
the capability of performing any tweak maneuver we foresee . Accordingly, 
the rule is  being modified to say that :for all descent aborts prior to 
PDI + 10 minutes the LM will perform the tweak provided it is within 
the RCS plume impingement constraint, regardles s  of whether the LM has 
staged or not.  If :for some abnormal reason the LM capability is exceeded, 
the CSM will perform :it ;  the LM s hould not stage the DPS just to provide 
a greater RCS capability. Also,  the LM should not trim insertion condi
tions . 

b .  As you recall, aborts after PDI + 10 minutes require an extra 
rev in addition to a phas ing maneuver, which makes the tweak burn unneces
sary. We have also stated that trimming the insertion conditions is nec
essary. However, if the crew wishes  to trim +x there is  no objection to 
that and obviously if the +x required is large , there is no choice . It 
must be trimmed . 

c .  I would like to emphasize anothe:r rule which has been on the books 
f'or a long time but which may not have been clear to the crew . Namely, 
if the DPS s huts down with a /1V required to reach the insertion conditions 
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greater 
orbit. 
thi s .  

than 30 fp s ,  the crew should utilize the APS and P7 l  to achieve 
We have recommended that auto�1tic Abort Stage sequence to achieve 

��-
PA : HWT: j s  

Howard w .  Tindall, Jr . 
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Memorandum 
See list attached 

NASA Manned Spacecraft Center 

DATE : April 4 ,  1969 

69-PA-T-55A 

FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: AGS alignments in lunar orbit and operations on the lunar surface 

On April 2 we finally got around to establishing how to operate the 
AGS on the lunar landing mission.  The two basic subjects for di s
cussion were how to handle CDU transient problems when aligning the 
AGS to the PGNCS :Ln lunar orbit and how to operate the AGS in total 
while on the lunar surface . 

I am certainly no authority on CDU transients and only attempt 
the following brief description so that the rest of the memo will 
make some sense to 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 many versions . As you know, the AGS uses 
the PGNCS as the primary reference in its alignments . As I under
stand it, CDU transients have something bad to do with the electronics 
in the PGNCS which are used to generate the data transmitted to the 
AGS which the AGS uses in its alignments .  Unless certain precautions 
are taken, CDU transients can occur and are not ordinarily obvious 
to the crew. I gather that they can result :Ln errors in the AGS 
alignments of up to 1-!- degrees or so. During much. of the operation 
even the largest misalignment 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 system. 

I will go through each of the AGS alignments :  

a .  LM Activation before Undocking_ 

The command module should be used to orient the spacecraft 
to a so-called A�3 calibration attitude which is essentially just 
displacing all three spacecraft axes at least 11-!- degrees away from 
zero or multiples of 45 degrees from the IMU principle axes .  This 
action, it i s  said , will permit the AGS alignment and calibration 
to be carried out free of CDU transients . 

b .  Pre-DOI after Undocking 

The AGS is aligned to the PGNCS after its AOT alignment in 
preparation of DOI. Since AGS alignment errors do not create a problem 



but are more of an annoyance in the AGS monitoring of the DOI burn, no 
precautions will be taken to avoid CDU transients . 

c .  Pre-PDI 

This alignment in preparation for descent is  most  cri.tical.  
Tl1e AGS must be aligned accurately and, in order to minimize drift, it 
must be aligned to the PGNCS very late before PDI . The choices here 
were to add special crew procedures into an already crowded timeline 
to avoid CDU transients vs . taking no precautions against their occur
ri.ng, but being prepared to redo the alignment if the MCC detects a 
CDU transient alignment error has occurred. Either of these two 
approaches were considered acceptable and are almost a toss -up . It 
v1as finally decided to avoid the special procedures and to take a 
chance on the transient . If the MCC determines that a CDU transient 
hE.s occurred, the crew will be informed within 30 seconds and they must 
then rezero the CDU' s  and repeat the alignment . I'his procedure i s  felt 
to be s impler for the crew and , in particular, i t  avo ids attitude 
ma.neuvers which are part of the CDU transient avoidance procedure . 

d .  Post-Insertion Alignments 

After insertion into orbit the AGS should then be aligned. to 
tte PGNCS . Again in this non-critical period it '"a s decided to take 
a chance on a CDU transient occurring, particularly s ince this align
ment is carried out within sight of the earth and the JviCC is in a 
pc si tion to advise the crew if a realignment :L s ne c e s sary .  

Attached to this memo is  a detailed sequential l:Lst of AGS options on 
the lunar surface at each step of which it in ar3 Sumed the PGNCS is  
still operational. In other words ,  it  i s  the nominal seo_uence . If 
the PGNCS becomes broken on the lunar surface ;· d:Lfferent and more 
extensive operations will be required, which 11e have yet to define . 
In the development of the attached sequences ,  some items of interest 
and action items popped out which I would like to add here . 

a .  Whenever RLS is  updated in the PGNCS , it should be standard 
procedure to update the AGS lunar launch s ite radius (Address 231) . 
'I'his up5ate will be based on a voice relay from the JviCC of the value 
·to be input via the AGS DEDA by the crew . 

b .  With regard to CDU transients during AGS s.lignments on the 
lunar surface, it was decided that we would rely on the MCC to 
monitor and advise the crew, if a CDU transient ha s occurred .  That 
i s ,  the crew would follow no special procedure to determine if one had 
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occurred except in the case of no collllllUnication. 

c .  Guidance and. control Division and TRW were requested to advise 
what timetag should. be associated with the CSM state vector voiced to 
the crew for input :into the AGS in the event the PGNCS has failed . 
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d .  MPAD was asked to determine if it is  aeceptable to input state 
vectors into the AGB 15 minutes or more prior to PDI . The question here 
really is whether or not the AGS numerical integration causes unacceptable 
state vector errors for descent aborts if the state vectors are loaded 
too early.  .Early loading, of course, is desirable to reduce crew 
activity just before PDI . 

All of this AGS jazz will be added to the Lunar Surface Mission Techniques 
Document . I think :it ' s  the last chunk. We will review the whole subject 
of lunar surface activity next week and then can forget it - I hope . 

Enclosure 

PA : HWTindall, Jr . : j :o 



April 2, 1969 

First Two Hours on the Lunar Surface 
After Touchdown and First Stay Decision 

1. PGNCS goes to P68 

2 .  413 + 10, 000 Lunar Surface flag . t.o store a.zimuth and terminate 
average g 

3 · 414 + 10, 000 State vector update (V4'r ) after verification of PGNCS 

4 .  400 + 30, 000 AGS align to PGNCS 

5 .  400 + 10, 000 Initialize for Ascent 

6 .  413 + 10; 000 Store better azimuth 

[ . Stay for two hours decision 

8 .  Crew readout to MCC addresses 047 and 053 

9 .  4oo + 60, 000 AGS gyro calibration [ 5  minutes required ] 

10 . 

11. 

Load J
8 

= J
9 

Verify Ins H 

"45 n . mi .  apogee" 

32 fps and H = 60, 000 ft . 

12 . PGNCS Option 1 alignment 

13 . 400 + 40, 000 Lunar Surface align [ 3  minute system test ]  

14 . PGNCS Option 2 alignment 

15 . 400 + 30, 000 AGS to PGNCS align 

16 . 413 + 10, 000 Store best azimuth 

1[ . Crew readout addresses 047 and 053 to MCC 

18. Pause 

19 . Receive Ascent Pad 

�?0 . Load AGS azimuth [Address  047 and 053 ] with values for MCC 

�'l. Pause 

�'2 . PGNCS Option 3 alignment 

�?3 .  414 + 10, 000 State vector update 
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24 . Pause 

2 5 .  400 + 30, 000 Align to PGNCS 

26. 4oo + 10 , 000 Initialize for Ascent 

27 . Verify 410 is "+00000 " [Ascent Program] 

28.  Exit lunar CDDT and switch AGS to "off" [warm-up mode ] 



., . 

Normal Ascent 

1 .  Power up AGE. [ 25 minutes required] 

2 . AGS System ��ests ( ? )  

3 .  Initialize AGS time [K = 90 hours ] 

4 .  414 + 10, 000 CDU zero [by state vector update ] (V47) 

5 .  PGNCS Option 3 align to REFSMMA.T 

6 .  400 + 30, 000 AGS to PGNCS align 

7 . 4oo + 60, 000 AGS gyro calibration [ 5 minutes ]  

8 .  400 + 30, 000 AGS to PGNCS align 

9 . Pause including RR Track of CSM 

10 . Receive Ascent Pad 

April 2, 1969 

11. Load AGS azilllUth [Address 047 and 053 ] with value from MCC-H 

12. Pause 

13 . PGNCS Option 3 alignment 

14 . 414 + 10, 000 state vector update 

15 . Pause 

16. 400 + 30, 000 align to PGNCS 

17. 4oo + 10, 000 Initialize for Ascent 

18. Verify 410 :cs "+00000" [Ascent Program] 
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�· Memorandum NASA Manned Spacecraft Center 

TO See list attached DATE : April 1, 1969 

69-PA-T-52A 

FROM FA/Chief, Apollo Data Priority CoordirEtion 

SUBJECT: PGNCS operations while on the lunar surface 

l 
!KII0-108 

During our March 27 Lunar Surface Mission Techniques meeting I 
think we finally settled how we think the PGNCS should be operated . 
How many times have I said that before? This memo is to broadcast 
a few new items that might be of general interest . 

MIT has recently made a significant change in the PGNCS lunar surface 
alignment program ( P5'7 ) ,  They have added a new alternative governing 
the orientation to which the IMU can be aligned.  Specifically, before 
this change there were only two alternatives - a "preferred" align
ment associated with lift-off time computed by the LGC and an align
ment to a REFSMMAT uplinked from the Mission Control Center. The 
new alternative provides the capability of' an alignment to the stored 
REFSMMAT - that is,  the same REFSMMAT to which the IMU was aligned 
the last time . This :program change significantly simplifies crew 
procedures and since it will be used several times during the lunar 
stay you should be aware of it .  

We have finally converged on the sequence of' P57 options to be used 
on the lunar surface . They are described in considerable detail in 
the attachment . Briefly the sequence is : 

a .  A gravity alignment (Option 1 )  to determine the direction of 
the gravity vector. 

b. An AOT star alignment (Option 2 )  to esta·blish an inertial 
reference which can be used with the gravity vector to determine the 
LM' s position on the lunar surface . This alignment will also provide 
a drift check on the IMU since the pre-DOI AOT star alignment . 

c .  A gravity and star alignment (Option 3 )  in preparation for 
lift-off at the end of two hours stay, if that i s  necessary, and to 
initialize the system for a sustained IMU drift check. 

d .  Two Option 3 ' :s in the nominal ascent countdown. The first, 
which completes the drift check, also sets up the system for the 
rendezvous radar tracking of the command module two hours before the 
lift-off . The second supports the Ascent itself .  
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This sequence not only provides all of the data needed to support the 
actual operation but also exercises all of the options which makes the 
engineers happy. The consensus was that we have trimmed this activity 
just about to a minimum and it should be fairly easy to include in the 
crew time line . 

Flight Dynamics ' flight controllers were requested to select the stars 
to be used for the lunar surface alignment on the nominal G mission 
as soon as possible . 

It  i s  our understanding and recommendation th.at the IMU will remain 
powered up throughout the lunar stay. We should emphasize that it 
is also necessary that the LGC remain powered up as in order to main
tain gyro compensation in the IMU as well as to provide the downlink 
data continuously to the Mission Control Center . Apparently there 
was some uncertainty about thi s .  

After considerable discussion i t  was decided that our best course of 
action is to update both the LM position on the lunar surface (RLS ) 
and command module state vector in the LGC during the first two hours 
on the lunar surface to support an a scent at that time, if it is 
necessary. The RLS will be based on the AOT alignment and gravity 
vector data as well as crew observations during the landing and perhaps 
on data gathered prior to DOI . (The exact manner in which the Mission 
Control Center will do thi s job is the subject of a meeting next week. ) 
The CSM state vector will be the best MSFN estimate at the time of the 
update . This is  such an obvious choice you must  wonder how we wasted 
our time . The only point we were concerned with was making sure that 
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the RLS and CSM vectors were compatible enough to support ascent guidance 
at the end of a two hour stay. We feel that this technique will probably 
provide that, but we may want to reconsider after obtaining F mission 
experience . 

In addition to the Data Select business noted above about how to establish  
RLS, we are also scheduling a meeting specifically to discuss the AGS 
operation on the lunar surface next week. After incorporating the 
results of those meetings into the Mission Techniques Document for 
Lunar Surface Operation, we will review and finally publish that docu
ment a couple of weeks later . Hopefully, at that time this mission 
phase should be fairly well closed out . 

4��Pili��· 
Enclosure 
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LM IMU ALIGNMENT SEQUENCE 

l .  Pre-undock - align to Mission Contl'lol Center REFSMMAT 

2 .  Pre-DOI - P52 AOT align to REFSMMAT (stored ) 

3 .  Post Touchdown 

a .  Option 1 to REFSMMAT to obtain the g vector 

Do not torque the IMU - specifically, the crew should recycle 
(V32E) out of the program at the V06N93 torquing angle display 

b .  Option 2* t.o REFSMMAT - to obtain IMU drift since pre-DOI align
ment . Given the g vector of Option 1 this supplies all data 
required for LM position determination on the lunar surface 
both onboard and at the Mission Control Center . 

c .  Update RLS and CSM state vector in the LGC based on best 
sources of data available - no attempt is made to lll3.ke these 
" consistent . 11 

lf , Touchdown plus 1t hr to prepare for RR track or lift-off after 
first CSM rev. 

Option 3* to landing site - using updated lift-off time from 
the Mission Control Center. 

5 . During lunar stay (about 19 hours duration) monitor CDU angles 
continuously at the Mission Control Center. 

6 .  Lift-off - 2� hours 

Option 3* to REFSMMAT to obtain drift and to align for RR tracking . 

/ o  Update CSM state vector in LGC . Optional update of RLS .  

8.  Lift•off - 45 minutes 

Option 3* to landing site for Ascent . 

*(a ) If attempt at Option 2 fails because stars are not visible , 
replace with Option 3 using sun or earth if possible . 

(b )  If  attempts at  Option 3 fail (even with sun or earth ) replace 
with Option l ' s .  

Note : Unset REFSMMAT flag before #6 above if us ing Option 1 
to eliminate drift effect over long lunar stay. 

Enclosure 
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NASA Manned Spacecraft Center 

DATE : April 4 ,  1969 

69-PA -T-54A 

FROM PA/ Chief, Apollo Data Priori ty Coordination 

SUBJECT: RI.8 Determination 

On April 2 we had a �lission Technique s meeting to discuss how we 
s hould handle the determination of the LM' s position on the lunar 
surface (RLS ) .  Specifi cally, we were concerned with how to deter
mine its value s and, after improved values are determined, when they 
should be loaded into the spacecraft computer. One obvious conclu
s ion, if anything can be called obvious coming :from this di scussion, 
is  that we have many excellent data sources for determining RLS, each 
of which is e s tima teci to be of a quality much better than we need to 
support the operation . 

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

Prior to landing it i s  necessary to e stablish the values of RLS to be 
used in Descent targeting . For the first lunar landing, where the F 
mi s s ion will have thoroughly surveyed the landing site ,  the consensus 
is that we should use the RI.8 determined. on the F mis sion and only use 
in-flight mi s sion G mea surements as  a system check similar to the 
horizon check made lJefore retrofire . For landings at sites which have 
not been surveyed previously, the RLS �Lst be determined in real time 
based on the MSFN/sextant tracking done pre-DOI . The Math Physics 
Branch (MPB) of MPAD proposes that this be handled in the following 
way and I think everyone finally agreed it was logical, at leas t  pend
ing results of the F mission : 

a .  The CSM/LM state vectors will be a so-.called single pas s  MSFN 
solution based solely on data obtained during the sextant tracking 
pa s s .  Orientation of the orbital plane of this solution will be con
strained by the pre -LOI plane plus confirmed maneuvers . (In fa ct, MPB 
proposed that we m;e this technique throughout. lunar orbit from LOI 
through TEI . Data Select and MPB people have the task of establishing 
the technique for monitoring rev by rev single pa s s  solutions with the 
orbital plane unconstrained to confirm that the pre -LOI value falls 
within the scatter of these determina tions and of establishing the 
limits beyond which they would abandon the pre-LOI plane orientation . )  
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way, it would have to be added back in at that time .  In fact,  I should 
emphasize that we are not proposing that it be dropped from the timeline, 
but rather that it could be dropped if neces sary - so can the sextant 
tracking for that matter, although no reason for dropping it occurred 
to u s .  

In summary, we have many excellent data sources for RLS determination . 
How we will use them will be established after the F mi ssion. Rendezvous 
radar tracking by the LM on the lunar surface is no longer a requirement • 

. And, a couple of new MSFN facts are that a short arc solution yields a 
good position vector and it is proposed that the pre-LOI determined 
orbital plane plus confirmed maneuvers be used throughout the lunar 
orbit activity. 

PA :HWTindall, Jr. : j s 
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69-PA-T-ll>A 

FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: Two-stage LOI looks good after C '  

Just like in other fields of endeavor, it ab-1ays seems possible to 
use actual flight results to prove how smart you were before the 
flight . := am 1driting this note to crow about how C '  proved we "done 
right" in planning a bvo-stage LOI . 

As you recall 1-1e originally considered manually backing up the GNCS 
during LOI to avoid an overburn using both burn duration AND the EMS 
b,. V counter . However, when we got down to detailed plan"irt:ng on ho1" 

to do this ,  we concluded that we had insufficient confidence in the 
�V counter to wait for it to clock out since the consequences of an 

overburn are catastrophic . Furthermore , although it sounds simple , 
monitoring three data sources simultaneously and taking proper action 
at this  critical time turned out to be messy. As a result, the final 
C '  procedure was to backup the GNCS by manually shutting down the SFS 
if it exceeded the LOI1 estimated burn duration by more than six second s .  
This value was consistent with the 60 x 170 n .m. initial lunar orbit . · 
If we had been using a one-stage LOI our rule would have had to be for 
the crew to shut down manually just about at the nominal burn duration 
(no delay ) in order to avoid an unsafe pericynthion in the event of a 
hi gh thrust engine . 

On C '  LOI1 we actually experienced a burn duration 4 . 9  seconds in excess 
of that expected . Therefore, given a one-stage LOI on C '  the crew 1muld 
have shut down the SPS manually even though the G&N was operating properly 
and then they would have had to make a second burn of about five seconds 
duration to finish it off . (In addition to that, we would have been 
unable to utilize the flexibility of the two-burn LOI targeting to com
pensate for the trajectory dispersion following the last translunar mid
course correction and we would have ended up with a 64 mile altitude on 
the back of the moon rather than a 60 circular orbit . ) 

Incidentally, our ot.1er pre-flight conclusion, that is ,  lack of con
fidence in the /j,v counter was also proven correct on this flight by 
several in-flight anomalies including an erratic accelerometer ! 

Weren ' t  we smart? 

ft. � PA : HWTindall, Jr . : js 
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FA/C h i ef ,  Apollo Data Priority Coordina tion 

NASA Manned Spa ce c1·n f t  Ce nter 

DATE : February 24 , lC)C)'j 
69-PA -T-32A 

SUBJECT: f;ome things about I'!ISFN orb i t  determina tion 

�• 

t, couple of intere s t ing things came out of our Data Sele c tion Mis s io:. 
�;e chniques meeting of February 19 . 

1:here had been concern t ha t  the las t  trans lunar midcours e  correction !)1CC4 ) 
v1a s being s cheduled too late before LOI . You recall t ha t  it i s  a t  LOI -
5 hours . Math Phys i c s  Branch reported that the MSFN l s i gma peri gee 
predict ion uncertainty at the time of LOI targeting (a t  LOI - 2 hours ) i s  
1. 4 n . m. , a s suming MCC4 i s  executed to within . 2  fps . I t  was also reported 
that i f  it '1a s unne c e s sary to perform MCC4 the uncertainty in perigee pre 
d i c tion is e s s entially constant from LOI - 5 hours through LOI - 2 hours ; 
t he 1 s i gma va lue being . 4 n . m. The s i gnificanc e  of thi s ,  of cour s e ,  i s  
that our current mid course correc tion logic makes i t  probable that MCC4 
will not be required and, therefore, i t  s hould be po s s ible to perform LOI 
targeting a s  much a s  5 hours before LOI without any addi tiona l  error if 
it i s  operationally d e sirable to do so . 

If you recall, on the C '  mi s s ion we s tated t ha t  MSFN ranging while t he 
space craft wa s in lunar orb i t  was unnece s sary unle s s  orb i t  determ �nation 
problems cropped up , 1-1hich they never di.d , Thi s  same procedure applie s  
to the F mi ssion 11i t h  one s i gnificant exception. In order to give u s  
t he grea te s t  c hance o f  solving our current lunar orbi t  determina t -ion and 
lunar gravi ta tional problems , we would like to obta i n  a s  much MSFN rangi ng 
a s  poss ible during the landmark tracking exercise to be carried out on TEI 
day. Although not mandatory, we would like to a s s i gn i t  a prior i cy hi [C':b 
enough tha t  i t  would be obtained even a t  some cost of voice commun i ca t :i.ons 
and/ or other things that might conflict 1-1i t h  i t ,  In other words ,  i t  is 
not trivial. �� 

Howard w .  'rindall, Jr . 

PA : HWTindall, Jr . :  j :3 
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NASA Manned Spacecraft Center 

DATE : February 28, 1969 

69-PA-T-40A 

FROM FA/Chief, Apollo Data l�iority Coordination 

SUBJECT : There will be no VHF ranging data collected while tracking the LM on 
the lunar surface 

It ha s been suggested that, in addition to optics and rendezvous radar 
tracking one spacecraft of the other while the LM i s  on the lunar 
surface, we should also utilize VHF ranging . Thi s data would certainly 
be useful for post-flight analysis  if not in real time . I have attempted 
to resolve the situation with regard to obtaining this data and have come 
to the conclusion that it is  too late to get it, as unfortunate as that may 
be . The basic problem is in the for!lD.llation of the RTCC program. And , the 
program changes required appear to be too large for obtaining data which at 
best Imlst be labeled "desirable . "  

Through the years our plans for CSM tracking of the LM while on the lunar 
surface have all been based on just using the sextant . Obviously, we 
intended to use the Lunar Orb.ital Navigation program (P22 ) ,  which not 
only provides automatic: optics tracking but also eomplies the desired 
optical data, time tags , spacecraft attitude and landmark I .D .  in a special 
downlist package for transmission to the MCC-H . The RTCC programs have been 
for!lD.llated to accept this data in that format and process it in real time . 

First indications are that the spaceeraft Rendezvous Navigation program 
( P20 ) would serve the c:rew a s  well as P22 for traeking the LM on the lunar 
surface with regard to automatic optics ,  and would have the additional 
advantage of including VHF ranging data on the downlist .  Unfortunately, 
though, the ?20 downlist format is substantially different than the P22 
,1own1ist and would require rather extensive changes in the RTCC program. 
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 observa
tions are obtained . This could easily cause us to miss some points . But 
more important, the RTCC would have to be coded to store them for processing . 
Finally, it is to be noted that P20 only collects a VHF data point once per 
minute - almost not worth the effort! Implicit in the above is that VHF 
telemetry via the CMC i.s the only source ; raw VHF does not come down directly. 

In summary, we are abandoning efforts to get VHF for the G flight . It may 
be worthwhile to put in a PCR to add VHF sampling to the P22 program and 
its downlist at a reasonable data rate . Jim McPherson - would you take the 
action on this ,  if it seems reasonable to you? 

� 
i 

Howard W.  Tindall, Jr . 

PA :HWTindall, Jr . : j s  
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NASA Manned Spacecraft Center 

DATE : March 12, 1969 

69-PA-T-45A 

FROM FA/Chief, Apollo Data Priority Coordination 

SUBJECT: S :Lnr,;lifL:ation to the pre-PDI abort procedure 

l 
15010-108 

As a result of a passing comment in one of my previous notes,  Tommy 
G:L'::lson and George Cherry looked into what it  would take to provide 
automatic PGNCS targeting for LM aborts at initiation of powered 
descent (PDI ) .  They found the capability already exists in the 
LUMINARY program.  Eow ' s that for great ! 

The situation I am discussing is when the need for abort is recognized 
after DOI and before PDI on a lunar landing mission . The ideal proce
dure, of course, is  for the LM to make a maneuver at about PDI time 
which will set up a nominal rendezvous sequence with CSI � rev later . 
This is  exactly what the DPS and APS abort programs (P'TO and P'Tl )  do 
automatically, but it was thought these programs could only be used if 
powered descent was actually started and we certainly didn ' t want to 
start powered descent - a retrograde maneuver when the abort maneuver 
llll.lst be posigrade . That would make it necessary to execute a large 
attitude change while thrusting . It turns out that the crew may obtain 
automatic targeting for an abort maneuver by proceeding into the descent 
program (P63 ) just as  if intending to land, except that he llll.lst maneuver 
the spacecraft manually into the posigrade abort direction prior to PDI 
ti_me . He actually starts tt).e DPS burn in P63 but s ince P63 does not 
start descent guidance until the engine is throttled up, it will auto
matically maintain the abort attitude thE� crew has established . After 
achieving engine stability at about TIG plus five seconds , the crew 
can press the Abort button which will automatically call up the DPS Abort 
program (P70 )  to compute the abort maneuver targets, immediately throttle 
up to full thrust, and control the burn . 

This certainly seems like a straightforward procedure, completely con
sistent with standard descent procedures ,  and aborts immediately after 
PDI . I think we should establish  this as our primary abort technique 
for this mission period . 

Great work, Tom and George . Keep that up and I predict you ' ll go place s .  �>�,-------
Howard w .  Tindall, Jr . 

PA :HWTindall, Jr . : j s  
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DATE : October 25, 1968 

68-PA-T-237A 

SUBJECT : X-axis or z -axis for LM TPI? 

This memo is  in response to a question that came up at the October 21 
D Rendezvous Mission Techniques meeting . The question was :  What is  the 
additional LM RCS propellant cost if we use the z-axis RCS translation 
rather than the x-ax:Ls for TPI? Chuck Pace checked with the MPAD 
Consumable people who figured the x-axis would cost about 15 lbs . ( taking 
into account the required attitude changes and use of the APS interconrcect ) 
and the z-axis will use at least  31 lbs .  of RCS propellant (assuming the 
best CG location ) . 'rhese numbers are based on current spacecraft data 
book information.  They intend to verify them through use of  a 6D simula
tion program in the near future and will document the results . 

In the meantime,  we ean probably use these estimates to decide which to 
use - x-axis which costs les s  RCS or 
lock on. 

•�xi/ia?ada' 

Howard w. Tindall, Jr. 

PA :HWTindall, Jr . : j s 
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68-PA-T-186A 

1 9 68 

SUBJECT: Recommendation to retain the Two-Stage Lunar Orbit Insertion (LOI)  
Maneuver 

i 

��his memorandum documents the results o:f' our review of the two-stage 
LOI maneuver which you requested as a result of' a recent OMSF sugges
tion that it might be preferable to return to a single burn plan . 
Participation in this review involved all operational elements of' MSC 
concerned in this matter . The conclusions are unanimous . 

Summary - It is recommended that the two-stage LOI be retained in the 
mission plan for the first flight to the moon. The justification can
not be based on numerical results of' analyses .  In fact, i f'  you believe 
in "Three Sigma" system performance and/or that nothing unexpected 
will happen, it can be shown that a single LOI burn is safe and that 
a subsequent trim maneuver will not be needed . Except for the 30 
pound RCS cost, no advantage or disadvantage can be ass igned a specific 
value . That is  not to imply that they are valueless,  however . There 
are very significant considerations and it is our belief' the advantages 
of a two-burn LOI substantially outweigh the disadvantages - including 
the 30 pounds of' RCB . 

Background - To insert into a 60 n.m.  c ircular orbit it is necessary to 
make a LOI maneuver of' about 3200 f'ps which requires an SPS burn of about 
380 seconds duration . The acceleration at the end of' this maneuver is 
approximately 10 f'p<: /sec . ,  which reduces the orbital altitude about 7 n .m/ 
sec . of' burn time . This maneuver can be accomplished in one continuous 
w1neuver or can be discontinuous - that is ,  performed in two steps . The 
f:lrst stage of' the two-stage LOI in the present lunar mission plan accom
plishs all but about 150 f'ps (15 second burn duration) of' the LOI resulting 
in orbital altitudes of 60 by 170 n .m . ; the second stage completes the 
process of achieving a 60 n .m. circular orbit.  The second stage is performed 
entirely in-plane and, with targeting based on lunar orbit MSFN navigation, 
will reduce the di spersion of the in-plane orbital elements significantly. 

Monitoring procedures can be established for a single-burn LOI, which vote 
two systems out of' three to assure a safe pericynthion . Theref'o�e , if' at 
least two systems out of' three are working, we are assured a safe maneuver . 
Based on current estimates of' systems performance (G&N, �V counter, and 
SPS engine ) ,  the monitoring procedure would cause the crew to shut off' 
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the SFS manually, unnecessarily about 20tfo of the time - that is ,  before a 
satisfactorily operating G&N sends "Engine Off . "  However, assuming that 
we can tolerate a dispersion of about + 10 n .m. around the nominal 60 n .m.  
c i rcular orbi t,  in no case (out of 100-runs ) was an in-plane trim maneuver 
required . In fact, the manual intervention often improved the situation, 
providing a more nominal orbit than the G&N would have achieved. Further
more , current estimates of systems performance (pre-LOI MSFN, G&N during 
LOI, and DFS during :powered descent ) assure us that no out-of-plane trim 
maneuver will ever be needed in lunar orbit prior to descent. (See comment 
no . 1) 

The following is a list of advantages of a one-stage LOI : 

1. It nominally saves about 30 pounds of RCS propellant which would 
be used during LOI2 for ullage, alignment, and attitude hold . 

2 .  Approximately half the time it reduces the number of SFS burns 
in a lunar mission by one . (See comment 3a ) 

3 .  It reduces the nominal lunar timeline approximately one revolution 
( two hours ) .  

4 .  It reduces terminal supercritical helium pressure build up by about 
20 ps i .  (See comment 3b ) 

5 .  It reduces cryogenic hydrogen and oxygen consumption about 0 . 5  
pounds and 5 pounds respectively. 

The following are advantages of a two-stage LOI : 

1 .  Crew Safety 

a .  Protects against double failure including undetected systems 
degradation beyond three sigma . 

b .  Protects against the unexpected . �'his i s  the first attempt 
to insert into lunar orbit and experience has shown that the unexpected 
is likely to occur, particularly on first attempts .  

c .  Provides a more nearly nominal lunar operating orbit, thereby 
decreasi.ng the ranges of conditions in Descent, Rendezvous, anu Abort for 
wh i ch the crew must train. 

2 .  Other cons iderations 

a .  Makes lunar operations more nearly nominal by assuring 
achievement of the pre-planned oribt . ( f3ee comment no . 2 )  
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(1 )  Simplifies procedures - for e:x:ample , permits use of pre
miss ion "canned" CSM. LM rescue maneuvers and descent abort switchover 
points . 

( 2 )  Reduces dispersions on :mch things as DOI and CDH burn 
attitude . 

( 3 )  Helps in development and s implifies crew charts and 
similar operational aids . 

(4 ) Reduces DPS budget a little bit.  

b.  Keeps ti:meline constant in the event a trim burn becomes 
necessary.  

c .  Makes the mission plan and crew procedures less sensitive to 
changes in systems performance estimates, development flight experience, 
etc . 

d .  Assures two good ( i . e . ,  complete ) G&N tests as opposed to 
about an 80"/o probability of getting one . 

e .  Avoids a change in the mission plan and all it affects . 
That is ,  everyone has been going and thinking two-stage LOI for eight 
months .  

The basic problem, o:E' course,  is in weighing these lists of advantages 
because none of the :items on either list :is  overwhelming. Certainly, the 
extra consumable costs and the lower supercrit:ical helium pressure margin 
of a two-stage LOI are affordable ; on the other hand , it certainly cannot 
be said the added risk and greater in-orbit dispersions of a one-burn LOI 
are unacceptable .  These things do not dictate the decision of which way 
to go . Nor does the nebulous added risk of an extra SPS restart.  This 
system' s reliability will have been proven more than adequately in-flight 
prior to this mission - certainly to the extent that a five-burn miss ion 
is not significantly more dangerous than a four-burn. This must be true 
s ince a relat ively high probability, contingency situation requires as 
many as four or f:l ve extra SPS burns for CSM rendezvous maneuvers to 
rescue the LM. 

It seemed to the rev:cew team that the one vs two-burn LOI deci sion must 
be based primari ly on operational considerations - primarily the signi
ficant advantage of elose-to planned conditions as they influence both 
a nominal flight and ones conducted under degraded conditions . For 
example , assurance of a nominal CSM. parking orbit will help immeasurably 
in effecting the renclezvous and will substantially reduce the A V costs . 
(Add in a system failure - the rendezvous radar or (beacon ) for example -
and the advantages nn.tltiply. ) AND, it reduces communication requirements 
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on a nomi.nal mission . AND, it simplifies everyone ' s  job pre-flight and 
in-flight at least a little - sometimes a lot .  

But most important of all i s  our concern for the consequences of the 
many things we will not have thought about but will encounter on the 
first lunar flight . Anything that  can be done to keep the dispersions 
small and the procedures simple provides that riD.lch more tolerance for 
the unexpected and that much more time and attention that can be devoted 
to handling them. It seemed to us, the cost oj' the two-stage LOI is a 
small price to pay for these intangible but important benefits . 

Enclosure 

cc: : 
AA/R . R .  Gilruth 
CA/D. K. Slayton 
FA/C . C .  Kraft, Jr . 
EA/M. A .  Faget 

PA : HWTindall, Jr . : j s  

��� 
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COMMENTS 

This appendix consists of a number of comments which amplify or explain 
statements made in the main body of this memorandum. They are separated 

�- into three categories : 1 )  How the out-of-plane is handled, 2 )  The in
plane situation, and 3 )  Consumables and other things . 

1 .  How the out-of-plane is handled 

We plan to make no plane change in lunar orbit prior to descent . 
It is  expected the pre-LOI MSFN navigation and targeting plus G&N per
formance during LOI1 will provide a more desirable orbital plane than 
could be obtained by a trim maneuver based on lunar orbit MSFN navigation 
and targeting. That is,  after insertion into orbit no new information, 
upon which we would be willing to act, will be available until the sextant 
observations of the landing site are obtained on DOI day. But more important 
than that, there is no need to make a plane change prior to powered descent . 

a .  The three sigma out-of-plane dispersion of the LOI maneuver 
is  currently estimated to be about 0 . 3° . Major contributors are pre-LOI 
MSFN navigation and targeting and G&N control through LOI which have 
been RSS ' ed to obtain that value . 

b .  DPS /1 V required to perform an out-of-plane maneuver is 
almost exactly proporti.onal to the square of the landing site displacement 
from the orbital plane . One half degree costs 10 fps by itself; however, 
when RSS ' ed with other descent dispersions , it  contributes only about 2 
fpl3 to the DPS budget . 

Therefore , it i s  clear the LM has considerably more capability than is 
needed to handle the out-of-plane situation whieh will actually become 
known only when the sextant observations are made - even if MSFN is two 
or three times worse than we expect today. And, of course ,  we are 
extremely anxious to avoid this extra SPS burn in order to avoid impacting 
the DOI day timeline which is  almost unacceptably crowded without it . 

2 .  The in-plane s ituation 

The problems in-plane are quite different . Although the miss ion 
teehniques are nominally tolerant of fairly large ( +  10 n.m. ) dispersions 
in orbital alt itude ,  these dispersions have a h lghly undesirable affect 
on the fltght from an operational standpoint . 

a .  Current estimate of the in-orbit dispersion due to pre-LOI MSFN 
nav:lgation and targeting and G&N performance is in exeess of 7 n.m.  ( three 
sigma ) .  This could be reduced to about 2 n.m .  ( three sigma ) based on post
LOI MSFN navigation and targeting and G&N performance through the short 
LOI2 burn. 

b .  It may be argued that without actual experience we have no 
assurance the in-lunar orbit MSFN navigation and targeting will be of a 
quality to reduce the altitude dispersions as noted above . It is  true the 
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analys i s  that yielded those results i c; solely based on Langley Lunar 
Orbi.tor data whose orbi t wac; not> the same as that planned for Apollo . 
However, if i t  is  not of that quality, the lunar landing i �: i n  j eopardy 

anyway. It i_s important to realize that MSFN i s  a vital i n -li ne part 
o:f the G&N system - not a backup - and its failure would force sHitch:Lng 
to an alternate non-landing miss ion. The point is it either works that 
well or we don ' t  land . 

c .  Considering the problems assoc iated with determining the 
lunar potential, no plans are being made to make improvements in  it 
during the operation. The point is MSFN performance in lunar orbit  
should remain essentially constant - not significantly better after a 
day than during the first revolution, although by then we should at 
least know how well it is working. 

3 .  Consumables and other things 

a .  I t  can be shown that by taking advantage of the two-stage 
LOI targeti.ng flexibility it is  pos s ible to eliminate one of the SPS 
translunar midcourse correction (MCC ) maneuvers approximately half the 
t :Lme . Of course, avoi.ding thi s maneuver does not save ullage RCS s ince 
the MCC does not requi.re ullage . 

b . DPS supercritical heli.um pressure builds up continually 
from time o:f loading before launch until the D:E'S i s  used :for Pmvered 
Descent . The loading technique i s  fixed and the pressure rises there
after with no external control toward its red line value as a funct ion 
of time at a rate of approximately 8 to 10 psi/hour . Assuming the 
h:Lgher rate and one complete extra orbit, the pressure increase is 20 
pBi .  

c .  Assuming a 90 amp load , the extra hydrogen consumed "' i ll be 
less than 0 . 5  pounds during the extra revolution. The oxygen used for 
power will be les s  than 4 pounds ; adding metabolic and cabi.n leak oxygen 
of less than 0 . 5  pounds each, the total extra oxygen consumed in thi s 
revolution i.s  les s  than 5 pounds . 
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Memorandum 
See list attached 

FA/Chief, Apollo Data Priority Coordination 

DATE: JUL 3 0 1 968 
68-PA-T-173A 

�UBJECT: Pulse Torquing to Achieve IMU Realignments 

i 

This memo is to describe the gyro pulse torque realign capability 
be ing added to the IMU Realign Program in Lumir�ry and Colossus { Jr. 
Most of it is quoted word for word from a memo Steve Copps (MIT) 
wrote last February proposing it .  

����he purpose of the program is  to  provide the capability of moving the 
stable member from one orientation to another without los i ng inertial 
reference . The actual program change is an addition to the IMU Realign 
Program (P52 ) .  Presently a display comes on showing V06N22 and the 
gimbal angles which will be achieved by coarse aligning the gimbals . 
This display is being changed to provide the navigator the option of 
achieving the new orientation by coarse aligning or by pulse torquing 
( ' enter' achieves one and ' proceed ' the other) .  ---

"Obviously the most accurate method of realigni.ng the IMU i.s to use 
star sightings, and if star sightings will be taken there is probably 
not much advantage to pulse torquing. However, if there is some doubt 
as to one ' s  ability to acqui.re and mark on stars,  or the inertial 
reference accuracy required in the next orientation is less than the 
error induced by pulse torquing, then this option has great value . 

"'l'he time to pulse torque to a new orientation is a consideration. The 
maximum time to coarse align is  15 seconds . The time to pulse torque 
is much longer. Since only one gyro is torqued at a time, the total 
changes in angle for each axis is summed together and that total angle 
is  multiplied by 2 (torquing rate is approximately 1/2 degree per 
second ) to obtain an estimate of realignr�nt time .  

" 'l'he induced error is directly proportional to the sum of the angles that 
each gyro is pulse torqued through . An estimate of the error induced is 
obtained by multiplying the sum total of change in angle by . 002. 

"So a single 90° yaw reorientation would take three minutes and would 
induce an error of . 180 degrees . The time to pulse torque is alleviated 
by the fact that no star sightings are required following the alignment . 



" It should be noted that during pulse torquing there is  no need to hold 
the spacecraft in a fixed orientation s ince the IMU is always inertial. 
Ho·wever, there is a pass ibili ty of pulse torquing the middle gimbal into 
gimbal lock. It was decided to do nothing about this problem and leave 
it to the astronaut to monitor the FDAI or N20 and maneuver if required . "  

The s ignificant point to be made i s  that the change is  being mechanized 
as an option in P52 - the IMU Realignment Program - and so the controls 
for achieving the new alignment are the same as exist for that program. 

2 

That is ,  there is no direct way for the crew to tell the system to move 
90° . Of course ,  he can probably fake it out by targeting an External /:::.. V 
maneuver he has no intention of making - say out-of-plane to get a preferred 
REFSMMAT and then go into P52 to realign the IMU to an out-of-plane 
orientation. This last paragraph is my comment . Don' t  call Steve if 
its nutty - or me either for that matter . 

a:-J 
Howard W .  Tindall, Jr . 

PA : HWTindall, Jr . : j s  
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Memorandum 
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FA/C h i ef,  Apollo Data Priority Coordination 

EA5/P. M. Deans 

DATE : JUN 7 1968 
68-PA-T-ll9A 

SUBJECT: Some alternate ways of figuring out where the LM i s  on the 
moon w i ll be available 

For fjomro months we have been concerned w i th the problem of determining 
the LM' s location after its landing on the lunar surface . Thi s 
informa tion is e s sential i n  order to do a decent j ob of Ascent tar
[�etine; and, in fac t ,  a s i gnificant error can even i nfluence crew 
safety . Primary modes already implemented in the Control Center/RTCC 
for determining LM location utili ze observations of the LM with the 
CSM sextant and/or observation of the CSM with the LM rendezvous 
radar . In each case,  the se observations are combined with a knowledge 
of CSM location as de termined by the MSFN to permit locating the LM. 
Another rather s imple technique we have developed essentially uses 
procedures and computer programs already available to do the j ob i n  
the same ;,my a sailor a t  sea doe s .  That i s ,  we are able to determine 
the LJvi' s location on the moon quite accurately by making an AOT plat
form alignment us i ng the E>tars and by doing a gravity alignment which 
in effect e E> tablishes direction of local gravity and by then combining 
the information obtained . MPAD is in the process of formulating the 
e quations to provide thi s capability in the RTCC and C harley Barker of 
the Flight Control Divis ion will E>ubmit a reques t  for the RTCC program 
change through the regular channel'> . We will also initiate a PCR to 
implement something s imilar in the Luminary computer program if i t ' s 
as  easy to do as we expe c t .  

Thi c; not only gives a completely independent means (i . e . ,  data source ) 
for C:Lo i nr� thi s j ob wh:Lch is valuable for cross c hecking the prime tech
nique cJ ,  but it a leo could become the prime mode under certain circums tnnces . 
For example , if it i s  neces sary to abort one CSM revolution after landing, 
we would likely use thi s te chnique for determi ning LM location to targe t 
As cent, s ince by that time neither sextant nor rendezvous radar data will 
be available to do the job . 

Addres s ee s :  
(See li s t  attached ) 
PA : HWT:i ndall, Jr . : j s 

n .... T T  (' (' n<>inu r Rnnd1· Rer!ularly on the Payroll Savings Plan 
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Memorandum 
See list below 

FA/Chief, Apollo Data Priority Coordination 

DATE: MAY 2 9 1 9 68 
68-PA-T-108A 

SUBJECT: Spacecraft computer program - things dealing with lunar descent 
and aborts from it 

/ i  

L I spent an i_nteresting morni.ng at MIT on May 16 with George Cherry, 
Dan Lickly, Norm Sears , and Craig Shulenberg talking about Luminary -
how it works and some things that really haven' t  been defined yet .  It 
primarily dealt with lunar descent and aborts from lunar descent . 

2 .  Powered Descent Braking Phase (P63 ) 

There is  a question in MIT' s cumulative mind as to whether the 
x-axis override logic is consistant with the current landing radar 
utilization logic . Recently a PCR was approved to permit use of land
ing radar data earlier in powered descent but no changes were made in 
the x-axis override logi c .  MIT questioned if this is  consistant . 
However, nore basic than that,  there is the quPstion of whether or 
not any of these things should be keyed to navi.gated altitude as they 
currently are , rather than time of initiati_on from powered descent or 
s i.mply crew choice . I believe we all are concerned that using nnvi
gated alt:'.tude as the system is  currently designed may cause the system 
to be locked out from doing the right thing .  Specifically, if  the PGNCS 
has computed the wrong altitude for some reason, even though the crew 
may know they are getting true altitude -.from the landing radar, there is  
no way to get the PGNCS to accept it . Although this probably won 1 t 
happen, the consequences are so serious that none of us could see any 
reason for designing the system in this inflexible way. The way the 
guidance system currently weighs the landing radar data precludes its 
use above 3 5 , 000 feet based on some sort of radar specifications . Even 
if the navigated altitude were correct, we may be making a mistake 
providing this data lockout in the computer program at this early point 
in program development . 

3 ·  MIT would like to make a des ign c[lange in the Powered Descent Landing 
Phase programs P65/P66/P67 . As currently des igned, the crew exits these 
final descent programs by hitting "Proceed , " which causes the LGC to do 
such things as storing gimbal angles and LM position, turning off average 
" g , " turning off the DAP, turning off the abort monitor (which prevents 
PGNCS recognition of an Abort and Abort Btage discrete ) ,  sets the lunar 
surface flag, displays LM position to the crew, etc . This procedure is  
enabled when the computer thinks the spaeecraft is within 50  feet of the 
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lunar surface . There are two potential problems here . First of all the 
crew is within one "Proceed" of catastrophy if he prematurely hits the 
button inadvertently. This is unlikely but is  also unnecessary s ince 
there is no need to terminate that program by a s ingle key stroke . Worse 
than that, if for some reason the PGNCS never realizes the altitude is 
less  than 50 feet, there is no way for the crew to terminate the program 
in such a way that all those important functions are carried out . It 
is  MIT' s proposal to change the design by adding a new program (P68) 
which would be called in a standard way via Verb 37.  This program would 
do all the things previously done following the "Proceed" in the final 
descent program and could be exited directly to any callable program 
crew procedures dictate such as Ascent (Pl2 ) or IMU Alignment (P57 ) .  
I think it i s  a good idea that they do that.  P68 would not be called 
til several minutes after the lunar landing, of course, in order to 
maintain the PGNCS in a state of readiness to Abort Stage from the lunar 
surface, if that unlikely event were necessary. 

4 .  I learned some interesting things with regard to the APS Abort program 
(P71) - answers to questions noted in last week ' s  bulletin on aborts from 
powered descent . Specifically, P71 does not have any so-called short 
burn logic . 'l'hat is,  if P71 is  called when the duration of an APS burn 
required to fulfill the targeting requ irements is  less  than four or five 
seconds,  the PGNCS will not provide a '"ell controlled cutoff . Actually, 
what it will do following Abort Stage is  to turn off the APS as  soon 
as it sees what is going on, which will be late . I asked MIT to look 
this over and tell us exactly what will happen in this unlikely event -
for example, how b ig an overburn will we get? I ' m  sure this is  an 
acceptable situation and the procedures we outlined in last week ' s 
memo are still okay. Of course , it may mean that RCS trimming i s  
needed but a t  least the spacecraft would be in a safe orbit while it ' s 
doing it. ( Incidentally, if the crew wants to do four jet RCS trimming 
following an abort, they will have to call up the DAP data load (R03 ) 
and reset it from the two jet logic used in preparation for powered 
descent. ) 

5 ·  Finally, MIT people noted that there are two ways of calling up the 
abort progr9ms (P70 and P7l ) .  The preferable way, of course , i s  through 
the use of the Abort and Abort Stage buttons . The alternate means is 
using Verb 37.  They noted that program cod ing and testing could be 
carried out more efficiently if we were to delete the Verb 37 mode . None 
of us could think of an occassion for us ing Verb 37 as the primary 
technique . In fact, the only contingency conceivable would be to backup 
the abort discrete . At the time, I wafl inclined to think that this 
was unneceflsary but after further reflection, I am now reluctant to 
see that discrete backup removed, particularly in the wal�e of our stage 
verify discussions . 



,_..-,, I . 

6 .  I expect to see some 
the things noted above . 
to think about them. 

Addressees : 
(See list attached ) 
PA : HWTindall, Jr. : j s 

PCR ' s or PCN' s in the near future on some of 
Maybe this note will give you a little time 

c:U-��� 
Howard W. Tindall, Jr . 
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68-PA-T-106A 
FROM FA/Chief, Apollo Data Priority Coordinati.on 

SUBJECT: Spacecraft computer program newsletter 

1. I learned some things at MIT last week that seemed interesting 
enough to justify this note . Of course , it deals primarily with the 
spacecraft computer programs and their influence on the miss i.on 
techni ques we are developing. 

2. Pete Conrad reported that during their KSC LMS simulation, they 
have experienced an apparent deficiency in Sundance when making a 
docked DPS burn. He says that the DPS engine gimbal angles do not 
get changed at all during that low thrust period at the beginning of 
the burn which was provided specifically for trimming them. MIT 
looked into thi s problem and agreed that for some reason the program 
does appear to work - or not work - like Pete says . Their preliminary 
guess as to the course of this is  that with low thrust and high inertial 
the gimbal trim estimator may be experiencing underflow. That is ,  the 
computer is simply not able to determine that a movement of the trim 
gimbal is neces sary as it is currently coded . Of course , the RCS jets 
are very active both before and after throttle up . 

3 .  Our requirements for getting rendezvous radar (RR) data on the down
link while the LM is on the lunar surface was discussed again, and I 
am afraid I really blew it .  MIT has resisted the program change we 
requested and I am beginning to think they may very well be right.  That 
is ,  I am not so darn sure any more that the program as currently designed 
and coded is  not good enough. In any ca<�e,  George Cherry now propo<�eB 

to look into a very B imple change which can be made in the lunar surface 
navic;8.tion program (P22 ) ,  which would substantially increase the frequency 
of RR data on the downlink. All that it amounts to is  to remove the delay 
after the previous computations before the computer collects another batch 
of RR data . Right now this delay is 15 Beconds .  If we eliminate this 
delay and operate P22 in the "no state vector update" mode , the computer 
shov.ld cycle very fast .  George Cherry is going to make an estimate of 
what this RR downlink frequency would be as well as evaluating the schedule 
impE.ct for thi s change . I would be surprised if it  is  not acceptable to 
MSC even if it  i s  not perfect - whatever perfect  i s .  

4 .  A s  Colossus i s  currently designed, the crew i s  required to press the 
"Proceed" button during the period of maximum reentry G ' s to obta in a 
DSKY display change . A PCR had been submitted to make thi s procedure 

n T T  ro ro 



automati c . However, on future consideration, we are not so sure that it 
i�; a e;ood thing to do . The initial dis play parameter in P65 are used in 
the primary go/no go logic employed by the crew in evaluating the G&N 
performance to decide whether to stay on it or to go with the EMS backup. 
It is essential that they see these parameters and an automatic  "Proceed" 
could wipe them out before they have seen and digested them under certain 
circumstances .  Accordingly, I suspect we should delete our request.  The 
discussions have revealed, however, that some modi_fication in the coding 
will probably be needed to make sure the system. will work throughout the 
rest of the entry even if the crew does not provide the "Proceed" signal. 

5 .  Here i s  one more note in the continuing "Stage Verify" story. Accord
ing to John Norton the lunar ascent program (Pl2 ) no longer checks stage 
verify .  That strikes me as a real improvement in the program but it 
mystifies me as how it go changed without a PCR or PCN, or even letting 
anyone know . Norton, of course , uncovered it by going meticulously through 
the program listing. 

Howard W. Tindall, 

Addressee s :  
(See list attached ) 

PA : HWTindall, Jr . : j s  
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Memorandum 
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FA/Chief, Apollo Data Priority Coordination 

DATE: MAR 1 3  1968 
68-PA-T-60A 

SUBJECT: Lunar Reentry Mission Techniques meeting - March 'I 

1 .  On March 7 we had a Data Priority Mission Techniques meeting on lunar 
reentry . This was the first on thi s mis sion phase with contractor partici
pation , Our objective was to understand the current status of the business  
and to begin pinning down the operational procedures to  be used onboard the 
spacecraft and on the ground . We were particularly interested in data flow, 
decision points and logic , and the actual detailed techniques to be used 
during this phase of the mission. Although we intended for it to start just 
prior to the final ( third ) midcourse correction on the way back from the 
moon, it turned out the discussion unavoidably included activities earlier 
in the flight, starting with the Transearth Injection ( TEI )  maneuver itself .  
Generally speaking, I would say this mission phase is  better understood and 
more completely developed than any other in the lunar mission, .A reasonable 
set of mission techniques i s  more or less in hand right now . Of course,  
there is  no question that significant changes will be made based on further 
analysis and actual flight experience . 

Paragraphs 2 through 5 deal with 
--- ---the midcourse correction maneuvers _ _ _ _ _  _ 

2 .  Jerry Yencharis (MPAD) briefly discussed the second midcourse correction 
maneuver (MCC2 ) .  It is  a maneuver to be made entirely in-plane designed to 
achieve specific entry interface conditions consistent with a safe reentry 
and controlled landing point , Analysi s  summarized in Figure 1 has shown that 
this maneuver can be made efficiently anytime in the period between 15 and 25 
hours before entry, and so it. should probably be scheduled to fit the crew 
work/rest  cycle . However, some consideration is being given to resched�ling 
it in real time based on its magnitude . Obviously, both the nominal time and 
real time decis ion logic must be worked out before that ( i . e . ,  now) . One 
question to be resolved involves basic  " small maneuver" philosophy, Specific
ally, should maneuvers of a magnitude less than the targeting uncertainty be 
rr.ade ? We have generally said that they . would be so that dispersions \vOUld be 
equally distributed plus and minus . This,  however, is not the currently 
proposed technique for these midcourse corrections, and deserves further 
examination , It is clear that if this maneuver is made we ' ll use the External 
Delta V guidance mode with the SPS engine ( if it is  in excess of 8 fps ) ,  And it 
will be targeted from the ground , Platform orientation can be determined either 
onboard or on the ground ; this appears to be pretty much a crew preference , and 
we ' ll be interested in their decision . 

B11y U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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:; .  A t hird mj dcoursc correction (MCC3 ) is ochcduled in the t.Lmelinc �' hours 
prior to entry . The renl t.i mc decision as  to whe ther or not thi s  maneuver 
need be made io cm·ried out ao follows : 'L'hc desired flj ght patr1 anr;lc at 
the entry interface is compared to the predicted value assuminc; no MCC3 . 
Only if the difference in these two exceeds . 36° will the maneuver be executed . 
Thi s limit has been selected to insure a safe reentry but i s  large enough to 
make the need for this maneuver extremely small . For example , a 200 sample 
Monte Carlo study was made,  and in no case was the MCC3 required . In fact ,  
the largest flight path angle difference was only about . 25° ( see Figure 1 ) . 
It has been establi shed that this maneuver will be entirely inplanc , targeted 
from the ground to achieve the desired flight path angle and will utilize the 

External Delta V guidance mode.  Of  course, the inertial platform must be 
aligned prior to this maneuver.  Its  orientation will not be  constrained to 
provide any particular pitch attitude display on the FDAI 8-ball during the 
burn . Of course, the ORDEAL could be used to give all zeros on the 8-ball . 
The actual REFSMMAT to be used during the MCC3 and reentry will be computed 
and relayed to the crew from the ground to provide 0, o, 0 on the ball at 
400, 000 feet altitude when the spacecraft is in a heads down , in-plane , 
horizontal, wings level attitude, heat shield forward. 

4 .  It has also been established that preparations for all man�uvers are 
begun 2 hours and 40 minutes before time of ignition to allow sufficient 
time to activate the systems from a standby state, to get all of the 
initialization data input into the system and to make all of the various 
checks to develop confidence that the burn will be made properly. It was 
also decided that the same timeline for bringing up the system, aligning the 
platform, etc . ,  would be utilized regardless of whether the MCC3 maneuver is  
made or not . FCSD people involved in crew timel:Lne development took the 
action item of making sure this i s  an acceptable approach.  

5 .  Although major emphasis  at this  meeting was devoted to nominal reentry 
procedures with all systems working properly, we did depart long enough to 
discuss briefly current plans for handling communications failure oc curring 
at about the time of the second midcourse correc tion or later . Spec ifically, 
it was stated that if the ground has transmitted to the spacecraft its MCC� 
state vector and targeting command load prior to .communications failu.'re , 
there should be no attempt made onboard the spacecraft to perform onboard 
navigation using the sextant . The point is  that onboard navigation can foul 
up the state vector and some of u s  intuitively feel it better to stick with 
the last set sent from the ground for entry if it is  that current. Various 
people did not agree with this rule , of course,  and so an action i tern 1-'as 
promptly levied upon them to determine a superior alternate approach in 
detail. In the meantime ,  we will continue on  as  described above . 



------Parae;raph�' (, throue;h :L;_' deal w i Lh - - - --entry preparation 

6 .  At present the reentry e;u idance phi losophy includes  two planned landine 
areas (PLA) which are illustrated in F igure 2 .  (All fi gures attached are 
courtesy of MPAJ) ' s Lunar Miss ion Analys is  Branch.) PLA 1 i r; a thousand mile 
band including the primary landinc; point and [', i vinc; t be capability or bad 
weather avoidance , In the event of Pl'rGGS failure a shorter range land inr; 
point, PLA 2, is designated cons istent with a no skip, constant g reentry 
which i s  the planned baclmp reentry mode . Efforts are be ing made to determine 
if the PLA 1 range can be made to include PLA 2 wi th current PNGCS hardware 
and software implementation. If so,  it is probable PLA 2 would be selected 
aG the primary recovery area in order to mal\e PNGCS , EMS and backup techniques 
all compatible . 

7 .  With regard to the constant g reentry, the MPAD reentry people have the 
acti on item of preparing and delivering updated constant g reentry load 
factor profiles to FCOD for their evaluation and, hopefully, buy off. vie 
antic ipate no problem on thi s .  Typically, they are a 4 g reentry with a 
4 minute duration or a 3 g reentry with a 5 minute duration, sometimes 
.preceded by a high acceleration, short duration spike (See Figure 3 ) . 

8 .  It was established that as long as  communications exi st  with the ground , 
MSFN data will be used for EMS initilization. Thi s activity will be scheduled 
at some convenient time ,  probably an hour or so before entry, s ince it is not 
t i.me critical. Although the PNGCS computer is programmed to provide this data, 
there i s  no need to pay any attention to it unless communications prevent 
receipt of the ground update ,  

9 .  Command module/service module separation will be carried out usine; manual 
attitude control and will oc cur approxirretely 15 minutes before EI . It  was 
stated that the Descent program (P-61) will be called up approximate ly 2 
minutes prior to that event . This will enable the PNGCS to accept accelero
n:eter inputs making it  aware of any small spacecraft translations due to .· 

separation itself and/or due to subsequent attitude control . (Recall command 
module attitude control is  not done with balanced couples . ) Since accelero
me�r bias could accumulate over a period of time as a significant contributor 
to missing the landing point, we spent some time d i scus s ing the question of 
whether or not allowing the guidance system to accept accelerometer input for 
20 or 30 minutes prior to entry interface is  acceptable . Accordinc to recent 
analysis (summarized in Figure 4 ) ,  down range miss distance due to a 3 s i gma 
accelerometer bias ( calibrated inflight ) would be about 10 miles ,  and cross  
range would be about half t hat much,  even if  Average G is  enabled by the 
Descent program (P-61 ) 30 minutes prior to entry . Some cons ideration i s  
apparently being given to adding a n  accelerometer threshold limit into the 
computer program to avoid this small error. S ince thi s  worst case error is 
really quite acceptable , I would oppose any such program chane;e which  I 
assume would only be made after approval of a formal program change request .  



10 . C luudc Grave s '  people prcr.cnted some uuta to :.;how the mar�nl Ludc of 
land inc; point miss due to platform m:L r>alio1menL , the ma j or contril;utor 
( see Fic;ure 5 ) . He showed that w i th 3 s ic;ma c;yros the miss distance 
was nearly linear at the rate of about . 6  of a mile down ranc;e ami 3 m i le s  
cross ranc;e for each hour spent between the last platform ali c;nment and the 
entry interface. Since a 3 or 4 hour per i od of drift would only re sult in 
about 12 miles miss at the worst, we felt it unnece ssary to make nny further 
platform alignments after the third midcourse c orrection. 

11 . Some thouc;ht 1-1as given to makinG a spacecra ft attitude che ck us i nr the 
sexto.nt prior to reentry; however, it was concluded that this really 
accomplishes very l ittle. C onfidence has been developed in the PNGCS pr i or 
to the MC C 3  maneuver and so we would only be uncoverin g failure subse quent 
to that. Furthermore, there are a whole series of PNGCS performance 
evaluat ion tests associated with the reentry itself made before committi ng 
to the PNGCS and there is nothing that could be done to fix the system if 
it has failed in that short time. All of whic h says, the test is useless. 
Accordi ngly, although FCSD has not completed the detailed timeline yet, as 
of now there is no known reason for the c rew to leave the i r  couches after 
MC C 3 .  

12. We had a lengthy discussion with regard to initial i zation and use of 
the EMS roll stability indicator ( RSI), also known as the roll attitude 
indi cator and lift vector indicator. Apparently, this device is merely a 
repeater from the FDAI roll bug driven by the GDC . It was originally 
included in the EMS when there was only one FDAI in the space craft . However, 
now that there are two FDAI ' s  its purpose and value are rather nebulous . 
Actually, the discussion took a surprising turn. We started out tryint-: to 
figure out how to initialize the damn thing and after muc h  emotional, 
c onfused talk we seemed to arrive at the conclusion that it really has very 
little value. Mike Collins intends to obtain a crew position on this, and 
C lyde Paulk was requested to pulse G&C on the same subject, The thing that 
bugged several of us is that we shouldn ' t  have something displaying wrong , 
information in the cockpit, and so we should e ither cover it up with · 
masking tape or else we should line it up properly, no matter h01-1 useless 
it is. The problem is that the way the PNGCS controls attitude is not 
consistent with the RSI alignment procedure , Therefore, it requires the 
crew to control spacecraft attitude manually until . 05 g .  Actually, I am 
not so sure i f  that ought not to be the procedure anyway, in order to 
utilize the horizon as an independent c hec:k that the spacecraft is in 
proper pitch trim attitude to insure aerodynamic capture of the spacecraft 
in the proper attitude. Left unresolved was whether we should submit a 
program c hange request to make the Colossus lunar return reentry program 
c ompatible with that procedure. 
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_ _ _ _ _ _ Parae;raphs 13 through 19 dea l  with _ _ _ _ _  _ 

entry proper 

13 . The remainder of this meeting dealt with reentry procedure based on 
Figures 6 and 7 which are attached to thi s  memorandum. Genera lly speaking, 
these procedures for monitoring a nominal reentry and carryinr; out a backup 
reentry seem to be well thoue;ht out and complete . Obviously, there are still 
a number of relatively minor refinements or c hange s which have to be rr�d e .  
Some of these are t he i terns reported i n  the followi.ng paragraphs . 

14 . Probably t he most important dec ision to be made during reentry occurs 
when the reentry program c hanges from P-64 to P-65 whic h  occurs just about 
at the time of peak g ' s .  At t h i s  time ,  a di splay of predicted exit velocity 
and drag level (VL and DL ) appears on the DSKY. The crew mus t  determine if 
these values are within limits determined by the ground and re layed to the 
crew as part of the s tandard entry preparation procedure . If they are within 
bound s ,  the crew commits to the flJGCS . If they are outs ide,  the PNGCS has 
fa iled and the crew takes over and flies constant g reentry to PLA2 . An 
important point to be made here is that the primary PNGCS Go/No Go c heck is  
based on a comparison with t he ground and that th is is cons idered absolut e !  
Of course , the crew does monitor the EMS for scroll line violatio·n whi c h  
also could result in abandoning the PNGC S ,  but that is not a compari son of 
one system against the other for performance evaluation . The criter ia on 
whi c h  this te st is based is expected to be tied to t he ac curacy with whi c h  
the ground i s  able t o  predict these parameters as opposed to being selected 
to estab l i s h  such things as 3 s i gma PNGCS performance,  assurance of landing 
w:l t hin some specified dista nce of the .recovery force,  o:r a s suring reentry 
itself - - -although it better do at lea s t  t hat � Grave s ' people are in the 
process of de termining values for these limits and then we will know what 
sort of reentry may be as sured . They expe ct this work to be completed at 
lea st s ix months prior to the "E" mi s s ion . 

15 . It was noted in this di scuss ion that a second set of DSKY di splay 
parameters are ava ilable in P-65 by a crew input of' "proceed" to t he 
computer . It is evident t hat the crew is not likely to perform that 
operation while experiencing 5 g ' s ,  so Grave s was given the ac tion item of 
determining whether these di splay parameters ( inertial velocity and altitude 
rate ) are of any real use to the crew . If they are , it  w ill be ne ces sary to 
submit a Colossus program c hange reques t  to make their appearance automatic 
probably after di splay of VL and DL for a fixed length of' time , 

16 . Another PCR Graves intends to s ubmit for Colossus No . 2 would make 
PNGCS control of attitude be lift vector up until . 2  g ' s during " second · 
entry" following a skip . This i s  felt to be mandatory since a pitch trim 
attitud e c heck on the horizon is critically needed at t h i s  time .  At pre sent 
the computer program will drive the spacecraft attitude to whatever bank 
angle is cons istent with the reentry guidance objectives even though prior 
to . 2  g ' s  the aerodynamic forces contribute very little to landing point 

r--. control. 
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1' ( .  t1rrtvcs 1 rw oplc were rcquc r.tcll to cxam:i n(� the Jo:MS [�croll li.nc s to mnke 
sm·c no EMS line v iola t -i o n  cl uri nr: tile' nccond entry would cuu:..;c the crew to 
t8l\C over from a perfectly operatinc; PNGCS . ��hat i s ,  we want to make 
CC'rta i n  that suff.i c ient l!UU'f, i n  i s  provided to prevent this from happening. 

18 . Both MPAD and G&C were re ques ted to develop some sort of tests to be 
incluued in the reentry pro cedure to determi ne i f  the EMS is performinG 
properly . NR will probably do some worl� on this , too . The po i nt i s ,  it 
waG appa rent from our d l scu8s ion that all performance evalua tion wa s 

· centered on examination of the PNGCS with swi tchover to the EMS in the event 
of its fai lure . Wbat cecmcd to be mi s s in[\ was performance evaluation tests 
of some sort to make sure the EMS was work ing well enough to be used . 

19 . Ba sed on this day ' s di s cuss ion TRW w ill prepare a mi s s ion techniques 
flow diagram to start the review cycle on this mi s s ion phase . After a 
couple of internal MSC meet ings, I expect we will again call in MIT and NR 
and see if we can ' t  put this busine s s  on ice . 

��-��f-
Enclosure s 8 

Addre s s ee s :  
(See attached list ) 
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67-FMl-39 

SUBJECT : A new space craft computer program development working philosophy 
is taking shape 

It ' s  b e c ominG evident that we are e ntering a . new epoch regardinc; develop> 
ment cf space c::-aft computer prosra.ms 1 and I �hcught I ' d "':.ry to pt:.:. t.:y 
impre s s i on relati ng to thi s into words and ge t them out in the ope n .  

/ 
Unt i l a few mo nth s ae;o , our mo s t ba s i c problem was getti ns the space cra f t  
compu ter procrams - and ult imately the fli.13ht ropes - completed i n  t ime 
t o  support the ol"fic ial flight schedule . Tn i s  p re sented such a challence 
to the people involved that i ntense reluctance was created to !113.kinc; 
chances and1 after a c e rts.in po int , even correct i n g  }:::Icwn defi c ie n c i e s  i n  
the proe;rams . Where nec e s sary, wor];: around procedure s were inve nted a s  
the only poss ible solut i on .  Since the January accident the s i. tuation has 
chanced cons -:derably in two ·Hay s . F irst of all, the fli r;ht sc t[�dulc h2 s 
s lip:pcd to a.n extent tho. t computer progran. development no loncer pac e s  
the fl ight s  i n  any way ( inc ludi ng c re1.; t.raining and system te s-cs ) and , 
secondly, the value of qual ity has bec ome supreme . Tne s e ti:Ji n t:;s are rJo st 
c learly evident r i e;h t  no,; on LH-1 where it ' s  almo st unthinkable to fly 
with a:1y kno<:n def i c ienc i e s i n  the proe;ram - even tho se which >-rould only 
affe c t  very low p robabi li ty c onti:1ge ncy s ituations - in spite of the fac t 
th�� t the flight ropes have already been manufactured . I feel i t  1 s qu ite 
likely the de c i s ion will be made to rework the LM-1 program and rem:c.nu 
fae ture ropes ree;ardle s s  of impac t  on any of MIT' s program develop:ne r.t 
·.wrk, including del ivery of the =nr.ed r:1L : s ion c omputer p:rov:-ams . In fac -:: ,  
w e  have asked !1IT to dete:rmine the extent o f  this acro c s - the-board impac t 
as suming all of the known defic ie nc i e s  i n  the �1-l program are removed , 
no matter how rr.inor .  }<D.1 ch r:1ore s ie;nifi cant , however, is that without 
doubt t h i s  s i tuat ion is : .. ore inc us to adopt a ne\·1 1vor!:ing philo s ophy 
TWh:_ ch shoul:i 'c2 :reco2ni zcd anc� :.nc luC.2d in o.ll of our plannint3 - proc;ra;,. 

dev·elopztc ::t s c ��ed.ule s ,  w3.n :oaC i_nJ, c :::""ell trainins, spacecraft systc!Tts 
te�:; t s ,  etc . It :i.s c lear t�a t ,  as Ed CO!>flS :put s i t ,  :program " s helf lii'e0 
is very shor-: . T.."la t i s , it :..s ext:te:::ely a!1likely we will ever :'ly w i th 
ro�; e s  ::-t.:..r.:.:.:"":::.c :::..:.::-�d. suS s t2.ntie.ll::.r :!.. r.. :::.clva:1ce of the i:liss:.on ; ir.. s t.ead of 
:-eJ_e 2. s :.. ::.; ::::e :: :.. ;�-: -:.: p ::�o;:::-.:..2 :"'or ::-op2 xanu:"2.ctu::-e 3.'!: the ea:-·l:.est ?O s s iblc 
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Th e  next que s ti on t o  o e  answered i s  - how rar should the work on these 
as semblies proceed before being frozen ( if you call slush "fiozen" ) 

2 

and put on the shelf until some key milestone assoc iated with spacecraft 
flight readine s s 1  S hould complete flight qualification Level 5 testing 
be carried out with the realization that changes will come along forc ing 
us to revise the program and thus to repeat substantial portions of the 
flight verification? Or should we merely carry· the pro� development 
through Level 4 testing, resulting in an assembly on the ' shelf which is 
bug free as far as we know, but which has not been completely flight 
qualified? There are arguments for both pos itions . We nave asked MI T  
to cons ider this subj e c t  - program development working philosophy - and 
to recommend the ir preference .  We here at MSC will do the same and within 
a month will be prepared to adopt what appears to b e  the best over-all 
compromi se . In any case , I ' m  sure it will force us to maintain a larger 
MIT s taff and more program development facilities in order to be in a 
pos it ion to maintain and modify these programs until we finally release 
them. And we are les s  likely to have to throw sets of ropes in the . 
garbage can so often. 

I ' m  not trying to flag this all out as a big problem area . It should 
certa inly be eas ier to handle than our previous "schedule i s  king - anythinG 
is better than nothing" type of problem. But I ' m  sure what we do will 
have some fairly s i gnifi cant implications on everyone involved in the 
bus i ness of program development as well as the various users of their 
product and I thought it worthwhile to bring it to your attention . 

Add.re s sees : 
( see page attached ) 

�rd W .  Tindall, ��Q�-

(o1-F)If1-39 



First page of this memo retyped and italic text included by David T. Craig (736 
Edgewater, Wichita, Kansas 67230) on 10 April 1991 to make the memo physicaiiy 

readable and to clarify the facts of this memo 

United States Government 
Memorandum 
TO: See list below 

FROM: FM I Oeputy Chief (Howard W. Tindaii, ]r.) 

DATE: OCT 18 1967 

67-FM-T-85 Y2-
SUBJECT: Spacecraft computer program development improvements to be 

utilized by MIT (Massachusetts Institute of Technology, Draper Labs) 

1.  Just for the record, I would like to record a list of program development 
improvement ideas which MIT plans to incorporate. This list was gleaned 
from discussions by Ed Copps (Edward M. Copps), Fred Martin (Frederick H. 
Martin), and Alex Kosmala (Albrecht L. Kosmala) during the week of October 
2, 1967. 

a) Much more complete program structure design work will be done 
prior to program integration. This includes more precise definition of 
the program module interfaces. And I suppose things like allotment of 
computer memory. 

b) Control of program constants will be exercised (?) to insure their 
accuracy and to avoid duplication from one procedure into another. 

c) In order to avoid the problem of erasable memory conflicts a panel is 
being established to manage the use of erasable memory. 

d) MIT proposes to initiate a sepes of periodic internal program design 
reviews. 

e) Approved program changes will be considered by MIT as they arrive 
from MSC (Manned Spacecraft Center, Houston, Texas [a.k.a. ]SCJ) but 
will be added into the flight program assemblies in blocks periodically 
as opposed to randomly as in the past. 

f) Much tighter assembly control will be exercised with all program 
modifications being monitored and reviewed by a higher level of MIT 
management. Only those changes really necessary will be permitted. 
New assemblies will only be produced once a week as opposed to the 
much higher frequency hitherto. 

g) Associated with assembly control, specific processors will be "sealed" 
internally in the assembly as they become operational as opposed to the 
current practice of putting the entire program under configuration 
control when all components are working. 
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n) It, i s  my understand ing tha t at present dlgi. ta l autopilotn 
(D.ttP) ar<:: nva ilable for both the LM and command module . On the o t. l tc>r 
hand, den i gn irrr.provementn will proba':lly be neccnsary on a fli irly con

t inuous ba n is . All modifi cations in ; t he DAP' n will be made and �hPckcd 
out in some program other than· the c1�rent flight program assembly used 
by the rest of the program developmeut personnel • .  MOdified nAP ' s will 
only be added to this working assel!lbly wnen . .  the;r are running properl;r. 

i ) M.lch more coordination and communication· between the. various 
groups involved in software development is essential. It is Martin ' s  
i ntention to establish standing committees with periodic meetings for 
this purpose . These meetings will also be used for consideration . and 
coordination of proposed change s .  . ... , 

j )  Apparentl,y, i n  the past development of program test plans has 
been carried out by a small group without much assistance, advice or 
coordination with other interested pa1tie s . Wider participation in 
this effort both at MIT and MSC is planned . 

k) MIT has finally dec ided to utilize discrepancy reporting like 
we have requested for well over a year and which has recently proven 
to be of great value to them in the latter stage s  of the SUNDISK 
development . They intend to utilize thi s from the beginning on the 
remaining programs . 

1) Assoc iated with the discrepancy· reporting, MIT will ma intain 
an up-to-date ope:·"t"ational constra int list . Obviousl;r, one way in 
whic h  discrepanci es may be eliminated is by establishing work around 
procedure s or operational constraints on progt-am usage . 

m) Steps are being taken to make sure that as problems are found 
and corrected in one major program thes�! same flaws are corrected in 
the o ther programs (e . g. ,  SUNDANCE and COLOSSUS ) • 

n )  Slow response in the exchange of data, particularlY spacecraft 
characteri stic s ,  has delayed MIT previously. S teps are being taken at 
both MIT and MSC to provide fas ter response .  When necessary, in lieu 
of answers from MSC, MIT proposes to state their assumptions and proceed 
a head with program development to avoid delays of this type. 

2. As you can see , nothing particularly startling here but I believe 
everyone would a gree those are all ;;sood things to do , tha t  is , they 
s bould improve the quality o:t "the ?roe;ram i tsel:f and should certa inly 
result i ::l  ·-:ett:int; "'Cl1e ,jcb done fa .s�c� . MIT has recently reorgani zed 
th;o :.r ?<'r:-:onnel somewhat , ::ope:'ully in a '"ay that will allow them to 
lmpl��cnt these ideas e�fect ively� 

' �1�� 
award. W.  Tindall, Jr . 

Adcire s s ee s :  
(See a ttached list ) 
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