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" Memorandum
TO : See list below DATB:I_iAR 7 _'

68-PA-T-54A

FROM : FA/Chief, Apollo Data Priority Coordination

SUBJECT: Sixth "C" Mission Rendezvous Mission Techniques meeting

!. This March i meeting conflicted with the President's speech but a few

of us dedicated jokers pressed on as follows.

2. It had been stated that all "C" mission SPS burns would be performed

in a heads down attitude (that is, 180 ° roll). This presents a problem

on one or two of the SPS burns in the rendezvous sequence--NCC_ and _aybe
LCC.--s:ince to constrain ouroelves in that way would make it impossible

to do the final sextant/star burn attitude check. These burns are
• . cO • .

expected _o be wzthln 19 radlal which makes heads up/heads down ra_her

meaningless anyway, except for the FDAI 8-ball presentation. Phil Shaffer

checked with Tom Stafford and got agreement that the attitude check was of
U

raore value than the _tandard 180 roll indication. Accordingly, it is our

plan to mmke NCC_ and iTCCo (if it is downward) in a heads up attitude and

include the sextant/star Sheek in the sequence.

"_ As reported in the last meeting's minutes it is our proposal that _

_,plat,form failure is detected just prior to NCC], it will be necessary
to delay the rendezvous exercise a day. Thio ruIing does not necessarily

npply go the PNGCS attitude tests prior to NCC_ and NSR since after NCC I
has been performed we are committed to the rendezvous exercise. Accord-

ingly_ if we can assume the GDC is aligned we probably should press on

with the rendezvous using the SCS, at least through NCC 2 and NSR.

_ Apparently_ consideration 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

would preclude making a platform alignment between NCC o and NSR. This

ali_nment leo thought to be essential for terminal phase. Accordingly,
we would like to request that very serious attention be given to this

•matter prior to dhoosJr_g a launch time earlier than currently planned.

_. An i_em came up concerning real time selection of the elevation angle

to be utilized in determining TPI time. As you recall, it is intended

to utilize the elevation angle option in the TPI targeting processors
such that if everything works properly TPI will occur when the line-of-

s_ght to the target vehicle coincides with the maneuver thrust vector

(spacecraft x-axis). According to Ed Lineberry, if dispersions in the
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-,r';jector7are not taken into account in designating this elew_tion angle,

the thru,_;tdirection at TPI will be substantially off the line-of-sight.lo
The elrvation angle adjustment should be less than 2 . Apparently, the
RTCC/MCC is capable of determining the optimum value by means of manual

iteration. Since the effect of this on crew TPI backup charts may be

unacceptable_ FCSD was given the action item of checking into that.

-[. Anol,h,_ract.ion item assigned the FCSD'was to establish which was more

;r.;ortanT_---li,r[h;ing cond itions during the braking maneuver or thrust

-:ectrz'co]nc:ident w.ith the line-of-sight at TPI. If the. lighting condLtlons

-,:_;the mor,: critical, it may be necessary to include a decision poin% in

cu_?operations to assure proper lighting at braking by not allowJ ng the

__. t.'me to r;l_p more than some specified amount---probably about i0 minutes.

if the TPI time based on the elevation angle option slips too much the crew

:rouirlhave to utilize the 'I_PI'_ime option" for targeting. @bviously the

decision would have to be made onboard the spacecraft after sextant data
had been inr_orporated into the PNGCS.

7. There h_ve bren a number of comments regarding the TPI backup charts

and their usefulness on the "C" and "D" missions. At the next meeting_
cur_rcntly scheduled at l:O0 p.m. on March 8, we will review this subject

_..n]try to establish the role of the PNGCS, MBFN and backup charts for
_,.e 'i_Ir,aaneuver. _he primary questions to be answered are : shall there _-

even be TPI backup charts, and if there are_ should they or the MBFN
_omputation for TPI be used in the event of a PNGCS failure. It is

_vident that in e_ther case the subsequent midcourse correction will have

he be based on charts_ since the MSFN has no capability for computing that
I%ane urea;.

Addressees :

(See attached list)
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Memorandum
TO : See list below DATE: MAY J 0 _96_

68-PA-T-99A

FROM " PA/Chief, Apollo Data l_'iority Coordination

SUBJECT: "C" rendezvous open item clean up

I. Paul Kramer_ Phil S[mffer_ Duane Mosel_ Ed Lineberry, and myself
spent the morning of May 7 trying to close out raajor open items

remaining on the "C" mission rendezvous. These items were:

a. How to handle an excessive slip in TPI time.

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

This memorandum briefly summarizes the results of our discussion.

2. First of all_ let me point out that w_thout radar, it is ilaportant
that the CSM does not approach the S-IVB while in darkness since range

information is only obtained visually. Also, the sun must not be ±oo

near the line-of-sight - i.e., in back of the CSM - during braking for
the same reason. These two constraints can be used to establish a "window"

of acceptable TPI times to provide optimum lighting during the braking

phase.

a. At th_s meeting we concluded that it is still best to locate 'i_I

at the midpoint of darkness nominally.

b. In addition_ we have specified that tolerable slip in TPI time
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 NSE falls within that period, no

steps will be taken to change it. (It is currently estimated that _he 3_
uncertainty of the onboard computation of TPI time at that point in the

mission is 4 minutes. Exceeding the bounds listed above by 4 minutes :is

not unacceptable.)

c. On the other hand, if the predicted TP! time slips earlier _mn !9

minutes or later than 18 minutes, the TPI elevation angle _ill be adjusted
as necessary to bring the TPI time back to the closest bound. Th_s is done

as follows. Let us assume that at the end of the first tracking period the

TPI time is found to be more than 12 minutes early by having run through the

TPI program (P34) using the "elevation angle option." P34 would be recalled

using the "TPI time option" and the crew will input a TPI tSme exactly 12

_- _¢" Buy U.S. s_l_,mgsBonds Regularly on the Pa),_H Sa_,in_ P/aJ_
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Memorandum
TO " ,C;ee list below DATE: JUN2 _ 1965

68-PA-T-Z38A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: "C" Rendezvous W-Matrix

This memorandum is to inform everyone in writing that MiT has now
agreed with _AD that it is acceptable to use the same values of

the W-YmtrJy when reinitializing (after three mrks of the last

batch of marks between mR and PTi) as are used initially. That
is_ it is not necessary for the crew to punch new values into the

DSKY - a clumsy procedure everyone wanted to delete if possible.

I think Paul Pixley is to be co_aended for finally getting M_IT's
agreement to this crew procedure simplification.

The actual values to oe used initially - that is_ the pre-launch

erasable load values - have not been finally agreed to ye_ but
that w_ll not affect ohe crew procedures. Today's best guess is
iOO© feet and i fps.

It is reco_ended that the flight crew and those responsible for

documenting crew procedures_ etc. adopt this mission techniques

in_aediate!y. I have already told most of those concerned by the
Don Ameche.

Howard W. Tindall, Jr.

Adcressees :

(See l_st attached)

PA:iDJTindall_ Jr.'.dS_ '
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Memorandum
TO ; See list attached DATE: J_k 9 _,_

68-PA-T-153A

FROM : PA/Chief, Apollo Data Priority Coordination

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 anticipated.
The reduction in error is due to the new DAP filter constants tha_

the G&CD is recommending for the "C" mission erasable load. The only

adverse effect is the mission planning that has been done to date."

Howard W. Tindall, Jr.

PA:HWTindalI, Jr. :is
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Memorandum
TO : See list attached DATE: JUL 2 3 _90_

68-PA-T-!62A

FROM : PA/Chief_ Apollo Data l>riority Coordination

SUBJECT: "C" Mission Retrofire and Reentry Mission Techniques meeting

On Friday raorning, July 19, we had a "C" Mission Retrofire and Reentry

Mission Techniques meeting to clean up some open items. It is evident

that a distribution of correction pages to our previously distributed
Mission Techniques document will be inadequate and it is our current

plan to rep_0!ish the whole book. Some of the most significant items
resolved at this meeting are described in this memo.

i. 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 ha]f-lift reentry.

2. it has been established that the G&N is mandatory for perforz_ng

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. Aecordingly_ there is a
mission rule that retrofire will be performed to 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&A_ will be used with a
coarse alignment if that can be done. Current estimate is that a

coarse alignment will be to within 2° 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 numbers 2
we have established tme following limits beyond which the G_ _ will be

declared No Go for reentry and the backup system will be used. The

DS_21 VG displays must be within I fps and the gimbal angles must be

within Io. Guidance and Control Division and MlT people please pay
particular note.

5o Apparently the procedure has been established that cor_and

module separation from the service module will be permor_._eamo_owmng

retrofire while still in the SPS thrust program (P40). This is to

Buy U.g. 5b_i_gs Bands Regularly an the Bayroll ga_ings Pla_z
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Memorand :m
TO : See list attached DATE: JU[ 2 3 _9_

68-PA-T-162A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: "C" Mission Retrofire and Reentry Mission Techniques meeting

On Friday morning, July i9_ we had a "C" Mission Retrofire and Reentry
Mission Techniques meeting to clean up some open items. It is evident

that a distribution of correction pages to our previously distributed
Mission Techniques document will be inadequate and it is our current

plan to republish the whole book. Some of the most significant items
resolved at this meeting are described in this memo.

i. 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 C4kN is mandatory for perfo_rlng

a hybrid deorbit; thus_ if the G&_ 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 to 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&A_ will be used with a

coarse alignment if that can be done. Current estimate is that a

coarse alignraent will be to within 2° 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 numbers_
we have established tae following limits beyond which the G_ will be

declared No Go for reentry and the backup system will be used. The

DSk_L VG displays must be within i fps and the gimbal angles must be

within I°. Guidance and Control Division and MlT people please pay
particular note.

5o Apparently the procedure has been established that command
module separation from the service module will be -_ --pez'_o_r_e_ following

retrofire while still in the SPS thrust program (P40). This is to

i
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keep Average G on durirLg the separation maneuver without having to

wait one minute as the entry programs are currently coded. The entry

programs (P61, P62_ etc.) will be sequenced after separation. Thus_
these progra_ are beimg used in a completely different way than they

were designed.

6. IMU PIPA and g$_o drift compensation values are monitored con-

tinuously by MCC-H. It has been established that if the values currently

loaded in the G&N are in error by more than .003 ft/sec _ and .075 °/hr,

they will be updated in the CMC.

Howard W. Tindall_ Jr.

PA:_Tindall_ Jr.:is
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To : See list attache& DATE: _ __ 4 _h_O_.

68-PA-T-167A

FROM : PA/Chiefj Apollo Data Priority Coordination

SUBJECT: July 19 "C" Rendezvous Y£ssion T_chniques meeting

-'_..... ___i_.o_discussed in our Frlday_ July 19 "C"A___nougn most of "the +'_, "'_-o

Readezvous Mission Tec)miques meeting are not of general interest_
there were a couple of things I would like to let you lanow about.

First of all, in an effort _o reduce the probability of having _o

make the NCC2 maneuver_ which _,ould be an extra SPS buz'n_ it has
been decided to trim the I_CC1 _V residuals if they are less _han

i0 fps. in addition_ the time of the I_BR maneuver will be adjusted

in real time by as r_.ch as 30 seconds thereby changing the differ-

ential altitude. These two new things together should be adequate

to maintain the nomiz_i TPI time, which is the primary objective in

targeting these mane_vers. The _ominal d_Jfe._ent_al altitude_ you

recali_ is about 7.8 n.m. and it was finally agreed that acceptable

targeting bounds are from 7 n.m. on the low side to 9 n.m. on the

high side. These adjustment limits give us a capability of adjust-

ing _Pi time by about 20 minutes to account for dispersions. Using

these procedures, it will only be necessary to _ke the _UC2 burn if _'e
encounter dispersions far in excess of those expected.

Something else which has been changed is that the elevation angle

at _YPI is considered more sacred than any lighting limits at all arid

should be retained at the nomiial value at all cost even though the

so-called lighting limits are violated. Previously the elevation angle

was to be changed if the lighting limits could not be met.

Another important mission rule adopted now is that the rendezvous exercise

will be terminated if tie G&N fails prior to NSR, and probably will be

terminated any time the G&N fails. _nis is to conserve SM RCS and permit
flying a full duration mission.

The changes to the mission techniques are relatively minor and it is

probable that it will. not be necessary to reissue the entire document.

Rather than that_ we will probably distribute change pages of some sort.

Howard W. Tindali_ Jr.

PA ;]@AT_indali_jr o:js
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TO : See list attached DATE: October 16, 1968

68-PA-T-222A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: C' maneuvers - SPS versus RCS crossover

Neil Townsend (EP2) informed me by phone - and will supply written
confirmation - that the minimum duration SPS 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 in an FM7 memo soon to be

distributed. I just want everybody to be aware of the new values and

to start using them in his planning ..... .

Howard W. Tindall± Jr.

PA:HWTindalI, Jro:js

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
_10-108
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.... Memorandum
TO : See list attached DATE: December 6_ i968

68-PA-T-266A

FROM : PA/Chief_ Apollo Data Priority Coordination

SUBJECT: C' Abort Maneuver 0verburn Monitoring

In response to a C' i_ission 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 AV Counter indicates an overburn of one percent over its

nomi_l_reading. The nominal value of burn time and AV Counter
readingare 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 _Ij L01_ and TEl for which specific techniques
have been developed.

Howard W. Tindall, Jr.

PA:HWTindall_ jr. :js

_,o-,_ Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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SUB]ZCT: ]-2"tk "]2" ;.-mssc.on ......... Y_u._ s,.tm_m_o_; ._m,=._._,_,_- meetinS---don"-0 • <,:

aD.O_LT, %_'±._CLC61rc ~>'---" ......... • _"
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_T PeQ-L &s 3__O'_'.-_I we _.a;Fe _.c_.ov-o]-is'2e<i CLLLte _ s_+=._iF= --b_<___ a[oea _.&",rJli_

" skou=_ :.c used throughoum -'-:- - ......

phase# wish one minor excegtiono !-t is _ik %seed on the groxT.c: rule
that on this mission t :_...... AQ.S s<ouid be mL:intained <_ .....or._ _ s'ca-se <.:hie:-_

u_=_= to perforn< the rendezvous in the event of f:.<U_b

R!LLkre° ms was r.ose£ that l_> a=._c._-, =._. _... -<._--_n=. . =,_ ...... -

teckr:iques i:! accordamce with -'oaac,g/curt& ru.;e_ i% is __ossible _oo

include some AGS systems tesss }iishout jeopardizing crew safety or

other mission objectives; they would be considered.

2. Kor.tinai situation: PbTGO£ ....._ee:'_s to be ,,,.ork_ng- --'-" pro-perky and "_o

pr-r:o; x.3£ •/Lust be Taai_iLai/<ed ±lq _-^<-_<'-', slate to _ _'__.=_.. _aK_ ore "_ iLq %b_e

eve'-'_st=_e P;,_GCS fails _his a-a_lies to a±'_ ....... uw_s---Oo_> ODK till.

, . _ ,...... ,............ ___ _.2_0'.2-2_.,a/ mr._c_<:ns of <'q_ PNC-OS _.,:-_ -me %y co:rparison _,i_ --'_-

CO::t'£L-tmd solution onlyo That - " ocm_car-isons of r.s_neuver targesl/tj

o_c_¢r' sources/ st;:ca as she _,'-< bac':quD charts or the 061','_ <.;ill_
lqo-% -ce _TLade to cos:zs_it co the _'<:_- -,'_:_,_b, qme__ =:,:,_,,-,b solution will be '___3

mrcvi6ins_ _ it is _,._=s._,-z.-''-_", aecep%ab-ie_ :"_-_'t__;=:,_.......__, C'.te 7+ZFX solution. " ,
oos:ibLe exoeoZion he-?e is -chat ss_q.ee _/le Om:a o'stles m_o,,ide veh

s b-: -<s solutions to the ,=m-Fdelta _T eo:rr_oone_-Zs_ermendicular Lo .:__

Line of sigh% cor:k_ar:Lson wish them '.?mybe advantageous°

>.., m... state ve4tors in +'_ will ......._! :..... c_c' ACS be updated each +_": '-'., "3"::
is conm'LrL.x_ to be _ o -_+_ wii_ likely be at each time

ooKl'_i-gted co make the next ;_neuver _sir.g the _

to) .-.u-_ alignm.enss wl!m be r.-._ade each tire_e the PEGOS is res_Lr]_aa
ar_ct each o___e c,_r-__sLase vector in tr_e AGS is updated from the 21723£

"' No radar data w-nl be in-out into the AC$ as ions as %ks .k [iS

-.s .'or(tlnSo in effecb> it is obtainin 8 benefit of the radar via _ 6

-_,:<_b scale vector updates since the £_',!'_Obis processing the _'_ _-



c_:.-; =.;..,'" ".- -,_ r&cLr) L'OALUB!ORS d-:J':"eJ' ",'.'e w:>'_]d be incZiLec to ....bu_±_ "-,-_

C.-_c c-_?r:s ,_ ,d use tka% so[Lu%'.o-'. 2-usbeaa of _'ue _-:_'._a=._,,.,_j.

:< Uke '>--' "...... j, j .... :-:-os- star-tilt:-; -" -' - reached ....z . COLIC_._'.G _on _oLLa ..r ;

-£=_"the ].:Y. P]):GSS i,.s _,,..'oz]:i"_,[ 7r-_y, r(-<dczt,-ou_-; r_Ld&r has fal]_ec_ we bay-u a
' C .; [_OL2 ....ser]c;kL:; z_r'O"L'SP] r....... W.!!;P. [he [b'-_ ..... ZiG 2:.'<t_rRL_m _L.tLL .,,-t77..__..... _e To_:_-0_ -co

_6:%£ _I'L-CQCr?LIR3 "'u o_;._. ------_._,L:L,_ {\C-_3 ... cAar;cb. _ _ is

el<±"-" reeo_;_lerLdaLl:_oL_._. -b:%a-b -sf±e coy£tk £i ..._--,'<_'76_.... execuce uGe _;PX L/_d' SU._Se-

,-: _'..-"-,""e Cozrec%lon "_---_ w-.--.,- " > biffs&Re dO _f_e ozam.i"zg11_._..... _ .LL,k

( ) " _ _;-_'e would "- ___ - ", a The cc.Rutran@ ._ .... corroax-e =_s OD-- SO±U_iOn wi_K %n"C

:'._S-';o -- " "'-"'-_" _ _ < _ favorable _cnas .......... c_

-P not;, tr.e coT:at%rid module would execute the },_'l( delta V's using i_s
own !;in;e of ignition.

'" -- -" _,._ the r?sr.euversI,c,) 'i':'/e cor_:.and module _.,o e voice relay to ='_- L>'i
it has executed in otter Shac the -".___± crew could update the ...... _ _-_;"_

state vectors in the LC_ using the Target Delta V program.

Co _-wou,_ld im_e to present here the rationale for making the comzr_nc

module active for TP! and midcourse when only the rendezvous radar has

failed° The justificat:-on is based on assuring ourselves the

capab'lity of making a good mideourse correction subsequent to _i

WLIOL is extremely i_:oortant since _,,ith -_o -_'-"_ _ _'' " _ ....... g=ng device _r_e brakin C

-:_neaver zs qoin_- to be very a_.zz_cu__ for the L!4 to s _ whole

poLnc iS L:laL Oi._![_ _ Lee COTiL_I_d .aO@_.__ @Die to main.cain a c__,_._.__ !co:s
=' [ ..... h ' ' " = -->_'.'-._.d_'e of _ne situacio:q _,.._u._!_s sextan:;) ana Tr_air._ain an uD-_o-Ltz.e

set sT £-3s_.%e vectors :n the cor;.pu%er _co ta-_get '-'*__{,u midcour'se correctio<

r::.ne,_r,'e-"o _w,irthermore_ it is only able -co do this well _:"_ it r.£kes -eke
_T :%c,.neuver. so thane its 2_'NGOS senses -chat %00° !t should be :2. ::ed that

.chis does noL use a g:__eat deal of aSH lqCS pro?silent, No]_nere :<aaL -_.:el
bud,<e:;e& for LH rescue, All of' the other _:_aneuvers are carried o<.-_ %y

the LK and the really _a.zg_ RCS drinker---braking---will also be ......... _-_

r"L %y the <r,,{ r_m_ __,:...... =_z_ reason for that_ of course_ is that since _b.e ......"

_.-:_......... be com.ing 4n from selow, viewiLqg the cop±t'_:_.d module °_''_'-+b=-..._b_ L sza -_

oacqC;,oun,= , it wiT7 bc in a much better -sosition to do the brakinz

:<%.neuver_ Zn additioi b _,rewould prefer to save aSH fuel where possible.

_'. .",nobvious _,d ......... advan-age to Lnus is that it kee:ps the

-srocedures as simple as possible in this criLica! situation, in Z's.a-t,

' de_.= P-_,--_-,_s aria %rg _:i%.o+, -.-do-- "" WPI for ' " '- grea-c .... -, of - ",---_,_.'_'- *:[-ci.s a ...._.:_rd as!< WF_,lC_:a

,,,.=_ "r_..v:: been ca-,-'-_,Te.__ i eli. On zne other n,a';o.a-" _ for -cae LH to .......,,-,,he .Lie <

b;'o :,itk:;Lvers woula .=".qu."..z;...._ a greai, &ca]_ of coordinatiou ar.d co-_'_zuK-ca _.c-z

bet,sen the soacecraft crews in rear,_ti!rm which is ur_desirab!e. Anti,

it ,:v('iis having to p:?e0are -orocedures ant training for this _c-:-

,F"



and _!.3S (with rad4-r) so!u%ions £i)'fer ,,,R- ,/o<id be inclined _o believe
_-:-_;_ c=Ar_s and use t_i!at solo/rich -ns-•"...._ead of ......one AOS anp,-;ay.

i" :' .... folkowLns is the _,.os_
_f i'm L],"._,_t._ is welling i)u% ._endezvous radar has lai_ee_ L,e ?:a';,_a

_:_..... _o<...,.... problem , _t_ <he _-;M s:'.nce no exberna! _aSa _,_,__.,_77be inpuL _o
• '" ' in _his case, it _srne spacecrazu systems---PNOOS_ r'rdS or cnar_so
our _.___.._-,'-_........... _t-_n._ that the cormtp_nd modu.le execute th__._ _Y and subse-

_•_,_ ..... mlacourse- correction maneuvers and _'_p___ LM do _he b=a_._ng-_•

'-= _' The cormmnd module would oomma-_e its :19i solution wi=h <he
k _" ]

,_•iS±,:,. i£ _ne corn-carlson is favorable that rp-neuver won!a me execute::;
- -f " _ the .... - ___ no_ cc;,m_ana _cduie would execute Zne _%%PN delta V's using "" _-

o",-+'n %in'c of igniLion_

t. oi '_k,_e co.Tsf_nd raoduie wouAd voice relay Zo the L_,,< =-'- _o_ ..... -•-_
it has executed in order tha-c the _'< _ _=_= crew could upda-0e -0he co.._:%andr_ccu=e

state vectors in the It/] using the Carge_c Dei-Oa V program_

6. 2 would _ _ e=_K_ to present here %he ra:iona!e for making she co.7=<-i:nS

mo<_<.< active for 1-91 and midcourse _@_er_ only the ren_ezvo_s -_ =-_ mas

fa!lcdo The justification is based on assurln@ ourselves the

c___ _=on subsequenz %o '±'r=cap_o±i__j of ms.xmng s. good midcour'se _-__'_"+_-
which is e>rt-_e_,e7,__ _._._y i_r@ortant since with no ranging device She -s--a:.elnc_._

r_anmuve '_ ±s going to be very difficult for _'- %K _he ,-,:=__c

"so!n: !s that. o_7,_ the co_:,=_-...... d _',od,_-_e is <.'-_'-_'-_.uto maintain a closed lco-s

-....h sextant) and _rlintaln an up-to-dazelcno->rledSe of the simuazion (...,-_. its
set 3±' state vec_ors in the computer to +0argot the mideourse correct!on

mr_ne._ve_-'_ __arthermore_ it !s only able to do this nell if it r_=akes %/_e

.... _.=_ ..... so on_o z_ss _CS senses tnat too. it should be no_. cha_
t _ : does not Lse a grea% deal of 051'4 R _c_ _........ _s mropel!ant_ l{o-,<<ere near • _&aL

buc_x-teS for _z_ rescue o All of %he other maneuvers are carries out %[,,"

t_-e L,,i and _he really large RCS drinker---braking---_ai!G also be ca__ried

OU3 -0'_ the _,io m, ^ un_%_ _....j ±no reason for _' _ of course_ is that since "C!le --'_

:_LA._ De co[iing in l'ro_l _oeio]•,'_ -",,le,.,,!lqc._'"_ the CO_Ar£lP.,d .._,d ..... _c:- -

>'_'-"_'_"_<_d it ":,,Till %(" in a r_u-,h better position to do %_ brakln-:

_ " .... _,,___ e possible.mar.euve-r'_ In addi%ioz_._ we would orefe-_ _o save uoi,< 2uel -_-_

_?. _\£ o%x<,!ous ad_-_Sional advantage So £kis is that it kee_s the

-- c=:_lc_,_ SitLtati01<° N;t f&ax_7procec.ures ss sirr:ple a:s _oossib!e in this -_-'_" _
• so_..:a___a CS}< _pi- for which a great deal o__ --_-_-_ .... -__

will have been carriec o:_to On the omher hand_ for the T_,},,Ito ::_=i.ta%[LOse

owe inan_Rvers would z'equire a greu.t deal of coordination ar_d _- _'': ....... " : _

be-s<,een the spacecraft crews in real time which is undesirable_ _:utS_

it ,v_-_._._._., having to .orepar@ Drocec_ures_ =_=u-_-_6raining for _'z-': s_ecua_ -
S ! "O l_.i'61 OF. _

F"



_. i% _,.'::s,_._ %y }PCOD ti_:.%t_:.cco_m<.'-_:koa'azepilot -':s- 9c u::/cke
%0 cc::y.;_&Lero_bo_\rd c'_ak'%so]_u%ioi_s_or k_£_iCRc to %he press o[' o-brier

_.c%:v;8v aud so they will not be avaiia%Le us a data source.

is _-'. -x){'c_iP-C. _._ Zelo ;,_. l__]._.._ £_lq©uvor :,_!Yuo LLS _xLez'-u&± _e_L-&a V
W£1.kC £ ;6ez'os bile reo:[[_steK-s and ...... '_ _ _ .....

s.iou< eack of the three bed/ _..-w_o._,probao.%y burning "the largest
corn-For-on<,flrsi, gke secuentia% ooeratlo_ is necessary since -there

{ s only one digital reacou_ o£. _:e _m___ registez'.

__-_. =< ...KO_C_ that az the nex5 meeting _,'o ,,4x-____review a=. this ar.c __:._=s
!5 <p a i-_sc.Leo _'- _cse zec.<A_.lc_.es Lo = ....._ ,,_u should then probably alo}lJ;4-,_ , . - _.._
ea.r._zur i'_R_o-%_P± maneuver which occurs na_z way through -ale
exercise including sisecial considerat-_ors associated wi_h a _Pi r:mne_,/er

"-_ !ikoe F_(I_na_ ,,.,,<do not reali_ ...... to execu,0e_

Kowa::'dW. :Dindaii, Jr. kJ

_- ___ of i_endees

Ac_-_essees:

- _ ' " "1;st)

/
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FROM : PA/Ohief, Apollo Data Priority Coordination

St;BJECT: Seventh "D" Mission Rendezvous Mission Techniques meeting

i. The "D" Rendezvous Mission Techniques meeting of !z_areh iO ;:as nrobehtv

one of the least productive so far, and I sincerely apologize for i_.

F.ust have been tired or something. Even so, with all tbmt Dalen_ }resent:

there must be something worthwhile reporting.

2. At one of our earlier meetings _Je tentatively established tha< _Lazfc:--_

alignments would be performed by both vehicles during each period cf darkm.e:s

throughout the rendezvous exercise. Paul Pixley (NIOAD) oresen<ed zc_e da:_

at this meeting which showed that, from a rendezvous navigation sDandz%int_
loss of observational data---rendezvous radar in the it4 and __¢.__.._......... in the

CSM---during platform alignment hurts us more than a little p_=--'_--,__......._....._.

Aecordingly_ it is their proposal that platform aligrnnen%s onl5" be }erfc__ed

prior to the separation burn which initiates the football rendezvous in _he

beginning and in the darkness period shared by the psuedo-_i -'-^n_n-_.... _.-'"

is above the command module. This applies to both the L/_ and the 0S!(. Unless

someone has reason for disagreeing with this_ their recommendation is aoce_De_

and all further work should be based upon it.

3. In response to an action item from the very first meeting, the 0rbi_hL

Mission Analysis Branch (formerly the Rendezvous Analysis _ >'

their progress on developing techniques for insuring proper station c_ve_-_=ce

and lighting conditions during the rendezvous exercise in spite of +_:__u_ e2Lc r[,-

perturbations earlier in the mission. The most significant of these

perturbations_ of course, is failure to launch on time. As a resu!= cf

their _qork, it is anticipated they will recommend selection of an earlier

nominal launch time and change in direction of the SPS engine _es_s emrLy

in the mission so that the spacecraft will nominally fly in a higher crhi2_

during the period between them. In addition_ it will probably b= reec_--cended

that these big SPS burns be separated in time by approxim_te!y a de-.- in5qe_i

of occurring within the same period of activity, if these things 5re done

it will be possible to compensate for lift off time delays b,j " ..... :'2 --

horizontal, in-plane component of these SPS burns in real time such 2nat :me

s_o_ De_..._c -_spacecraft does not go to such a high altitude, thereby ' _ _:_- ..._

orbital period during that period. The implementation to caz'ry out large[in/

of these v_neuvers in :real time may utilize the rendezvous m/salon 7Lm---ning

tools in the RTCC that are already available. Taeir pl_osed =___=_:.- vcald

be to modify the SPS burns using the Gemini Agena maneuver logic -_o c_use

%

YI,._/

_ Buy U.S. Savings Bonds Regular/), on the Pa),,vfl Savings P/an



...."T'_'c"< " -_ende:zvouswith a phantom _-'_"_-_ _-_- "- + _'_r;<-.

-._:::.--;,he_,'ethe spacecraft _#ould have been if it had been i_un'_'f.e_- c.'-
+'y_ ,.....e and had followed the nominal maneuver sequence, if thls t/_-c.-.ni_-_e

proves to be as reasonable as it seems to be no,J, c_mnges to the no-_in__

mission plan noted above will be processed through the }_OP my ],;......
Jenkins.

1._. i just reread that last paragraph and it sounds like i'm _,-'.7_.....

Does it make sense to you?
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Memorandum
TO :See listbelow DATE:dUN 2 5 1968

68-PA-T-137A

FROM : PA/Chief_ Apollo Data Priority Coordination

SUBJECT: "D" Rendezvous Mission Techniques Ground Rules, Working Agreements,
and other things

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 sirm/lations 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 and we can review it July 12. The last section lists

some major discussion items still open. A list of action items is also

attached since they help to paint the picture of our current status_

which I would describe as being typically frantic.

Enclosures 3
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June 18, 1968

I'D"MISSION RENDEZVOUS GROUND RULES WORKING AGREEMaLNTS

AND THINGS LIKE THAT

i. General

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

1968.

b. Nomenclature for the burn sequence following undocking is:

(i) RCS Separation

(2) Phasing

(3) Insertion

(4) TPI ° - If abort from football

(_) csIl
(6) CD_l

(7) TPI 1 - If abort from ist bubble

(8) csl2
(9) CD_2

(lO)_PI2
(II)_P;

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 I_J 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. LMand 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. I_ alignments will also be madei

at these points in the exercise and take precedence over the state vector
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updates if timeline conflicts develop.

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

with the R-32 TargetAV routine using the preburn values as determined in

the ]_M'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 _NCS failure. If, after having

established the preferred techniques in accordance with that ground rule_

it is possible to include some AGS systems tests without jeopardizing crew

safety or other mission objectives, they would be considered.

h. The state vectors in the ACS 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.

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.

j. If PGNCS_ RR, or CRkN fails, the rendezvous is terminated at the next

TPI opportunity.

k. The ACS is not mandatory for the rendezvous exercise. That is, if it

fails prior to or during this mission phase_ the exercise shall continue.

2. Frior to Undocking

a. The crew will synchronize the CMC clock as precisely as possible

utilizing information voiced from the grourfl. _he crew will provide initial

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

necessary information by voice for fine synchronization of the LGC clock.
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This supercedes the mission rule which specifies resynchronization of a

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

than 0.5 seconds.

b. The LMRendezvous REFSMMAT is that of a "nominal" alignment for

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

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

where :

cam= LM

¥ csH: ¥ LM

z cam: -Y

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, 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 from TIG (RCS Separation) to TIG (TPI2) _ and the fact

that the CSMREFSMMAT is nominal at TPI 2.

e. Prior to undocking, but following the CSM attitude maneuver to RCS

Separation attitude_ the LM l_J will be aligned to the CM IMU using the docked

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

known CSM/LM geometry (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 VI6N20) and coarse align and attitude dead

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

align routine (V41).



f. The formula used for docked alignment with identical REFSMMATS is:

OaA_ = (3OO -A_) - OaACM

IGA_,M__ = IGAcM + 180

MGALM= -I¢_AcM

WhereA¢ is the docking ring angle.

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

oriented:

-%M
%M: %M

ZLH = XCM

is:

oa% : (300-A¢)-OcACM

IGALM : IGAcM + 90

MG/_M = MCAcM = 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.

This will preserve the relative state vectors until average C 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

90o placing the two spacecraft "nose-to-nose." (crewmen "nose-to-nose") -_
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c. The LM will yaw through 360° (_l°/sec) permitting the CSM to conduct

a visual inspection of the landing gear and LM structure.

d. After completion of 3c, the LM assumesthe 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 I FPS radial inward burn for the RCS

Separation burn; i.e., the CSM will burn i FPS -Z (body). This burn will

employ the P-30_ P-41 sequence. LMuses R-32 to update CSM state vector in

the LGC.

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

perform REFSMMAT IMUalignments.

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 is established pre-flight.

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

monitoring. The throttle will be set at !0% for 15 seconds at which time it

will be advanced crisply to approximately 40_ and left there til auto-cutoff. The

PGNCS residual velocities will be burned to zero by use of programs 30 and 40°
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c. The horizon i_ used as a burn attitude check prior to the phasing

burn when AGS is under control. The ground supplies the LPD pitch angle for

this check.

a. If PGNCS_ rendezvous rad ar_ or CSM G&N fails prior to insertion but

after phasing_ TPI 0 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. 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 will 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 maneuvero The NSR will be forced to occur

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

(CDHI) 1_neuver.

8. CSII, 2 and CDHI, 2

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 will be added (See action

item No. 4)
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b. In the event the LM has performed an ullage maneuver prior to a

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

of the CSM mirror image burn.

c. LM PGNCS _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, it will be executed

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

procedure. The externalAv 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 CSII, 2. The LM 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_I_ 2

a. If the LMPGNCS is working but rendezvous radar has failed, no

external data will be input to thespacecraft 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 MBFNand that comparison must be favorable. (If

not_ see lob) The command module would voice relay to the LMthe maneuvers

it has executed in order that the LM crew could update the command module state

vector in the LGC using the target _V program.
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b. If the LM PGNCS has failed but the RR is working_ compare the onboard

chart solution for TPI with the MSFN. If the co_)arison is favorable_ execute

the chart solution and_ if not, use the _FN _V's executed at a time determined

onboard the spacecraft. The maneuver would be made usin_ the AGS external _V

mode.

i0. For Discussion

a. CDH

If LMPGNCS/MBFN comparison shows disagreement, shall a LM chart/

MBEN comparison be made and used if favorable or shall the ground so]mtion

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-59-68-376; that the AGS

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

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

alignment.

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

onboard solution. Execute the burns with PGNCS, unless PGNCS has failed.

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

burn.

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

times over a two-hour period)to verify the technique.

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

AOT.
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(6) Update the AGS with the RR near the second _PI burn.

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

sequence_ compare the A(_ solutions with either charts or M_FN and execute

the burns with the AGS _if there is reasonable agreement. The AGS should be

updated with 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 message formats.



June 18, 1968

"D" RENDEZVOUS MISSION TECHIVIQUES

ACTION ITEM LIST

(To be discussed at next meeting)

i. FCSD and MI°AD will provide for review an up-to-date rendezvous navigation

tracking schedule for both the LM and CSM.

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

provide adequate lighting conditions and station coverage.

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

burns to reduce probability of recontact due to small maneuver execution

dispersions.

4. MI°AD 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. MI°AD 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. MI_AD to establish acceptable difference limits for use in comparison

of onboard vs MBFN rendezvous targeting (CSI, CDH, and TPI).

i0. MIT to present reco:_mended procedure for controlling the W-matrix by

crew input to the LGC and CMCo

Enclosure 3
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ii. MI_D to report results of their survey into the onboard computation

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

this persists, it will result in TPI time slip, excess RCS _V costs, and

difficulty in solution comparison.

12. FCD will report on acceptability of onboard ]?GNCS accelerometer bias

determination while out of _SFN 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 limits will be established 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.
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UNITED STATES GOVERJ_MENT

Memorandum
'ro : See list attached DATE: JUL 2 5 1968

68-PA-T-168A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: "D" Rendezvous

1. A great mar_ things were discussed and resolved at the July 22

"D" Rendezvous MissionTechniques 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 recontaet as a result of maneuver

dispersions in t_ CSM RCS separation maneuver which starts off the

"D" mission rendezv_is, it was decided to increase its magnitude

from 1.O 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 horizcntal retrograde direction wou_ result in

recontact after the big phasing burn. Dispersions of that magnitude

could easily occur he to imperfect velocity nulling during s_tion

keeping, G&_N maneuver dispersions, spacecraft venting, etc.

3. It has been established that the elevation ang_ to be used by

both spacecraft in determining all TPI times - nominal and contingency -
will be 27.5 °.

4. The 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 simulate in this respect. The change

is being made to simplify t_ 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!

@z51
Howard W. _ndall, Jr.

PA:HWTindall, Jr.:is
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UNITED STATES GOVERNMENT

Memorandum
TO : See list attached DATE: OUL 26 1968

68-PA-T-172A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: "D" Rendezvous Mission Techniques meeting of July 22

i. We cleaned up a lot of stuff at the subject meeting. Attached

are updated "Grou_ Rules, 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 t_mt.

2. One facet of this business that has become extremely critical/
involves how to do rendezvous navigation! The tracking schedule

overwhelms and influences everything else the crew is doing. It

is essential that it be established immediately along with W-matrix

initialization procedures - whatever that is - taking into account

the rendezvous radar thermal control required, etc. If all this

changes much from that which has been assumed to be proper, crew

training- among other things - will be severely impacted. Accord-

ingly, a Rendezvous Navigation Mission Techniques 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 they

are to do and lists the specific people assigned to do it. Anyone who

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.

_wardW. Tindall, Jr.

Enclosures 3

Rendezvous Navigation Mission Techniques Panel

Charter and Co_?osition

Working Agreements, etc.
Open Items

PA:HWTindall, Jr.:js



July55,1968

"D" MISSIONRENDEZVOUS NAVIGATION

MISSION TECHNIQUES PANEL

I. Objectives of the panel are to establish the following rendezvous
navigation mission techniques

A. Initially to establish a tracking schedule for the "D" Mission

Rendezvous Navigation

B. Investigate tme schedule determined in "A" by considering the

following:

a. W-matrix reinitialization procedures

b. Thermal constraints of the rendezvous radar

c. Standardization of tracking schedules around a maneuver

d. Desire to minimize the effect of missing marks as a result

of procedural or spacecraft systems problem

e. Larger than nominally expected _FN errors

C. Standardize the mission techniques which establish the following:

a. The expected navigation accuracy at maneuver times for:

(1) The LM PGNCS using RE tracking data

(2) The CSM PGNCS using sextant tracking data

b. E-memory constants specifications

II. 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. Mosel CF

I. E. Muller MIT

J. P. Kach_r MIT

K. N. Nevins MIT

L. R. Larson MIT

M. A. Satin TRW

N. S. Paddock MDC

0o A G&CD _n to be named soon

Enclosure 1



July 22, 1968

• "" "D" M//_SIONRENDEZVOUB GROUND RUL_ WORKING AGREEMENTS

AND THINGS LIKE THAT

1. General

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

b. Nomenclature for the burn sequence following undocking is:

(i) RCS Separation

(2) Phasing

(3) Insertion

(4) TPI - If abort from footballo

(5)csl1
(6) cD_
(7) TPI1 - If abort from !st bubble

(8) csi2
(9) cD_2
(10)_Pi2
(ll)_PF

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 IMUalignment 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 _gain until immediately after TPII, 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. On both spacecraft all rendezvous navigation will be carried out to

update i_he 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

lO00 feet and i fps initially and whenever it is reinitialized periodically

during the rendezvous.

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

w_ith the R-32 Target Av routine using the pre-burn values as determined in

the L_4'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 failure. If, after having

established the preferred techniques in accordance with that ground rule, it

is possible to include some AGS systems tests without jeopardizing crew safety

or other mission objectives, they would be considered.

J. The state vectors in 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.

j. ACC alignments will be made each time the PGNCS is realigned and

each time the state vector in the AGS is updated from the PGNCS.

k. If PGNCS, ER, or G&_ fails, the rendezvous exercise is aborted at the

next TM opportunity.

I. The AGS is not mandatory for the rendezvous exercise. That is, if it

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

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-



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 I,_le which specifies resynchronization of a space-

craft clock only whenev@_r 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 (TPI2). It will be uplinked from the grountl.

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

where :

cam = Z LM

Y caM-- Y

Z CSM = -_ 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, O, O, (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, O, 0 _s due to the regression

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

that the CSM REF_MMAT is nominal at TPI2.

• e. The only _in-flight adjustment of the LGC PIPA bias compensation

parameters include4 in the nominal fligh% pla n shall be done by the crew while

do'cked to the _M. The values will be _pdated regardless of hQw small the

cha_ge_ no The willInfo=theMCC-threshold. )

of the new Values aS the next MSFN station contact possible. The MCC-H will

Contlnumi_y mon_%e_ ,t_e II_Jperformance, andwill advise and assist in additional

updates if the _o_p_hsation becomes in error by more than a specified threshold.

4
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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 unless time is available

for a second one between TPI_ and CSI 2. AGS gyro ca]_ibration shall no___tbe

performed during the rendezvous exercise period of activity,

g. l_rior to undocking_ but followSng the CSm attitude maneuver to RCS

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

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

known CSM/LM geometry (with account of the docking ring angleA_ being taken)

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

are then compared directly (via VI6N20) 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 forF_lla used for docked alignments with identical REFSMMATS is:

= (3oo -0 cM

IGALM = IGAcM + 180

MGALM = -MGAcM

Where A_ is the docking ring angle.

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

oriented:

r_
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is:

OGALM : (300 - ¢) - OGAcM

= IGAcM+ 9O

MGALM = MGAcM = 0

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

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

Iverification is given in MIT/IL Apollo _ 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

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

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

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

a visual inspection of the landing gear and LM structure.

d. After completion of 3c, the LMassumes 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; I_J 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 burm for the RCS

Separation burn; i.e., the CSM will 2.5 fps -Z (body). q_is burn will

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

the LGC. (Reference 68-FM62-229)

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 is established pre-flight.

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

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

for !5 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. _e ground supplies the LPD pitch angle for

this check.

d. [?hasing burn monitoring

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

the burn.

(2) 0verburn - 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 oriented with X-axis

vertical and the y and z body axis _V residuals will be trimmed to zero.

6. TPI0

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

after phasing, TPI 0 is performed. As a standard operating procedure during

the football rendezvous, the LM and CSM should 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 TPI. A 130° transfer angle shall be used for aborts

from the football rendezvous. (See action item 7 )

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 will 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 LMhas performed a ullage maneuver prior to a DPS
f_

engine failure to start, the LMwill remove that AV to maintain correct

targeting of the CSM TPI maneuver. The CSM shall continue to countdown foro

TPI during the LM insertion burn.
o

8. CSI1,2 and CDH1, 2

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

when the CSI is ll 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 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 bot___hspace-

craft - for PGNCS comparison, AGS targeting, and CSMG&l_mirror image targeting,

etc. It shall be thai solution which is most compatible with the PGNCS. Some

biases will be necessary for use in the AGSand CSMG&N.



c. 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. In order to maintain TPI time and

differential altitude within acceptable bounds it is necessary to bias the

radial AV component of the CDH _neuvers relayed to the CSM from the MCC-H

by an amount established pre-flight (approximately 7 fps). No other AV

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

d. The crew shall bias CDH time i00 seconds earlier than determined by

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

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

The crecy shall bias CDH 2 time 70 seconds later than determined in P32.

e. An out-of-plane AV component will be computed by the LM PGNCS for

CSI2 and CDHI, 2 using R36. This maneuver Av shall be executed unless it is

less than 2 fps. This AV component will be included in the LGC/_FN solution

compar ision.

f. LM I_GNCS _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.

g. In the event the ground solution is to be used, it will be executed

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

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

V component of the CSI2 maneuver relayed to the LM (AGS) from the MCC-H

by an amount established pre-flight in order to maintain TPI 2 time within

acceptable bounds. No other _V components of either the CSI or CDH maneuvers

need to be biased in the AGS.
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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

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

minutes between CSI and 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 LMhas performed an ullage maneuver prior to a

main engine failure, t_ LM will remove that _V to maintain correct targeting

of the CSM mirror ima_ burn.

9. TPIo_I_2

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

of approximately four minutes duration undesirable lighting conditions will
f

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

both spacecraft shall be 27.5° for all rendezvous.

c. TheLM shal_ 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 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 comparison checks,

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

option. (TPI maneuvers will not be biased.)
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e. TPI shall be targeted onboard and at MCC-H to force a node at TPF (i.e., I

lintercept). The MCC-H shall supply this maneuver via voice (pad message) in

both External _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 _FN 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 targetAv program.

g. If the LM PGNCS has failed, but the RR is working, compare the onboard

chart solution for TPI with the _I_N. If the comparison is favorable, execute

the chart solution and, if not, use the _FN _V's executed at a time determined

onboard the spacecraft. The maneuver would be made using the AGS external_V

mode.

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

the _FN TPI solution given in LOS coordinates at the, ti:me at which the elevation

angle is 27.5 ° as determined onboard the spacecraft.



July 25, 1968

"D" RENDEZVOUS MISSION TECHNIQUESf

OPEN ITE_ LIST

(to be discussed at next meeting)

i. Rendezvous Nawigation Mission Techniques Panel Report.

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

3. MPAD to determine CSI/CDH out-of-plane _V lower threshold.

4. MPAD to determine CDH2 time bias.

5. ASPO to determLne expected LM IR_Jalignment 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 vsi_FN rendezvous targeting (CSI, CDH, & TPI).

9. Review of rendezvous maneuver monitoring procedures.

lO. _RW to present AGS align and initialization procedures.

L

,/

Enclosure 3
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• UNITED STATES GOVEP.NMENT

Memorandum
AUG;5 I96S

TO : See list attached DATE:

68-PA-T-185A

FROM : PA/Chief_ Apollo Data Priority Coordination

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

One of the planned rendezvous maneuvers (CSI!) on the "D" mission is
nominally zero. Since it is intended to make this maneuver based on

the real time situation, 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 CSI l maneuver is less than i* fps, the
maneuver will not be executed at all. If the maneuver is greater than
I fps but less 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 using four jet RCS. The reason for this orienta-

tion is to avoid losing rendezvous radar lock. This means, of course,
that the maneuver may be executed in either + X direction with equal

_ probability.

The 6 fps upper limit is necessary in order to conserve RCS propellant

as well as to remain within jet impingement constraints. If the CSI i
is in excess of 6 fps, the DI_S will be used at 10_ thrust (even though
rendezvous radar lock may be lost).

There was concern about using the DPS to carry out small maneuvers from
the standpoint of h_w 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

detez_ined that the propulsion people intend to adopt the following DPS

constraint for the "D" mission: the DI_S may be used provided at least

30 minutes 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 DIS thrust

program (P40) does not have short burn logic like the SPS and APS programs

have, including start up and tail off characteristics, it is capable of

I selected these values to illustrate the point. They're probably not

far off. MI_AD is in the process of determining the proper values,
0_B - the first based on rendezvous considerations; G&PB - the second

based on engine characteristics and consumables. (Task assignments are
needed. )

,N :Buy U.& Savings BorMs Regularly on the Payroll Savings Plan



MAY _2 EDtT_O_

UNITED STATES GOVERNMENT _.. _

Memorandum
TO :7nfc_rmal Distribution DATE: i"Ci.. "_

68-FM46- 331

FROM :P_, /Mathematlcal Physics Branch

SUBJECT: D Mission Rendezvous Navigation Mission Techniques Panel Meeting

1. Th_ first meeting of the D Mission Rendezvous Navigat:hm Mission

T<chniqu_s Pane] was held July 28, 1968. The purpose of this panol is

to co{,rdJnate the on],oard navigation analyses conducted at MIT and MSC

wiI,a the crew tJmeline worked up by the FCOD and minimize the effect of

pc¢c'rdura3 or spacecraft systems problems to the navigation procedures.

2. The first item of business was to define the time periods when %he

r_-:_dezvous radar would be powered up for tracking or other purposes. Two,

schedules of rendezvous radar operation were established for the purpose

of' determining their adequacy for thermal control. The first schedule is

simply to power up the rendezvous radar at 94 hours 27 minutes g.e.t, and

p<_,.Jerdown when the rendezvous radar is no longer needed - sometime in the

F t<rminal phase at approximately 102 hours and i0 minutes g.e.t. _he second
schedule is as follows:

RR on 94:27, 95:45_ 96:48, 97:59, 99:14, 99:56_ 100:41

RR off 95:31, 96:29, 97:48, 98:3], 99:41, 100:30, 102:10.

(Time is hr:min g.e.t.)

[['hefirst schedule is the most desirable because of sJ.mp]icJty i_! ih¢
crew activity. The second schedule represents the minimum schedule such
that if Jt Js shortened cre_ confidence Jn the system will be degraded _"

a serious perturbation in the crew timelJne will be induced. The IESD ha..'.,

ceceived this sch_dule and has been requested to have thermal analyses <',,_-

duct_:d of tb_se two methods as soon as possible. It should be reeognizod

<_]at the crew and ground procedures are proceeding according to the s<,eoud

;chedul< and any s!gnifie{nt change to these procedures are <onsidered io

be not only highly undersirable but must be accompanied by p_oper just:ific:_-
tion.

3. In n"der to use the LM navigation system effectively, MI? has pro!)_:_c<!

I;t_e;{-ma:ri× reini_ializagion when performed be placed frou t_arks deep -imP.,,

i;h:_trae<:ing interval following a maneuver. The rendezvous _adar Thermal

c',_>]d ;_'Iprocess affects the boresi_ht axis orientation. _'h. _lele of RCA
<<)rnln<_nte_ that for a cool down of 15 from 140°F. to 125°F. typical uumb,'_'s

2".:_:,i_._" ' .! _:.._ is

_,. : _ ;:

Lai2.5' ,.,

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



[)

f'_r ,he aff<,cb of the cool down process on the orientatfon _s ccu!si<]('r';d_]v

](r;s than !" ,,f arc for a 15-minute cool down. The reinitializati<nl p_,,,-

cedu_'_: sb)u]d be unaffected by this type of variation in orientation.

)I. Th( _'cmainder of the day was devoted to establishing the traekin0]

sch<:d_Ic:s whLch were developed with the following assumptions different

fccm ()_ _n addition to those from the D Rendezvous Mission Techniques

meetin<{ of July 22. (See attachment)

a. _hr_ June 2_ reference trajectory was used as a standard witi_ t,h_

time between CSI 1 and CDH 1 increased to 32 minutes.

h. The requirement that the command pilot computer baekulp charLs

solutions for TPI 2 requires the LM navigation to terminate earl_er than

the nominal ]2 minutes prior to TPI 2. The time assumed in design_n[< the,
schedule was ]5 minutes.

c. For the CSI and CDH 2 maneuvers, one minute from the hM maneuver
initiation time was2allowed _gr the command module pilot to eithur

(i) initiate his mirror image maneuvnr or

(2) initiate the maneuver to take him to the track attitude.

(]. '1% standardize the LM tracking schedule following the CSI and CDIL
• 02 ] ,_:m;J,nc:_Jvet's Lhe time required to maneuver to the track attitude :io assumed

to b( completed six minutes following these maneuvers.

3. In order to standardize navigation procedures and use the CSM and

LM navigation systems e:ffeetively_ MIT has proposed the W-matrix rein_t]a]i:',a-

tion_ whe_J performed (see schedule) be placed three marks and four marks

deep into the tracking irterval following a maneuver for the CSM and _q,

respectivel_.

,

Paul ]. PixJ e_--_

A • ,'_ "hm ii ,
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D. Blue MSC/CF24

C. Neily MSC/CF24



TABLE

LM Activity Timeline CSM Activity Time lin_

Ground Elapsed Time, hr:min; Event Ground Elapsed Time_ hr:min; ],_e_

94:10 Docked ]]_UAlignment Completed 92:35 !MU Alignment Compl_ted

95:52 Phasing Maneuver

96:00 InLtiate Tracking 96:03 Initiate Tracking

96:05 Cease Tracking 96:14 Cease Tracking

96:07 Initiate Tracking 96:28 Initiate Tracking

96:16 C_,_se Tracking 96:37 Cease Tracking

96:18 Initiate Tracking

96:28 Cease Tracking

96:47 Insertion Maneuver

96:50 l_itiate Tracking 96:59 Initiate Tracking

96:53 Cease Tracking_ Reinitialize 97:01 Reinitiaiize W-matrix
N-matrix

96:55 Initiate Tracking

97:0_ Cease Tracking 97:12 Cease Tracking

97:06 Initiate Tracking

97:1D Cease 'ITacking

97:23 CSI I Maneuver

97:25 Initiate Tracking 97:28 Initiate Tracking

97:29 Cease Tracking, Re_nitialize 97:38 Cease Tracking

97:30 Initiate Tracking

97:42 Cease Tracking

97:55 CDH I Maneuver

98:01 Ini.I_ate Tracking 98:07 Initiate Tr_ckinf]

9S:05 Co_:_e Tracking 95:09 Reinitialize W-matrix

98:16 Cease Track _ng

98:07 Ir [i]ate Tracking

98:18 C<use Tracking

99:02 Navigation State _ector Update 99:')2 Navigation 8tare Vector U__,:i_,

99:17 i_it late Tracking 99 :kl Initiate Tricking

99:21 C_ase Tracking 99:30 Cease Tracking

99:22 lzit_atc Tracking
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.., TO : PA/Chief, Apollo Data I>riority Coordination DATE:

.. In reply refer to:

FROM : EG/Acting Chief, Guidance and Control Division EG23-229-68-//'_

: SUBJECT: Method of RCS separation for football trajectory in Mission D

Reference is made to memorandum 68-PA-T-203A, "D Rendezvous Ground Rules

and _[orking Agreements Update," Septeraber 23, 1968.

The Guidance and Control Division (GCD) was given the action item to

determine the best thrJsting procedure for the RCS separation bumn

yielding a football trajectory in the D rendezvous mission. The burn is

required to impart a delta V to the CSM of 5 ft/sec in the -Z direction.

_nis delta V maneuver can be accomplished by either (i) a direct -Z

translation b_n, or (2) a combination of +90 ° pitch maneuver, a +X

translation burn_ and ultimately, a -90o pitch maneuver to regain the

original attitude.

_ In determinin_ the procedural tradeoffs, two factors must be considered:
(1) The RCS propellant consumption, and (2) procedure simplicity• With

respect to the former, propellant consumption data was obtained from the

GCD's AGC functional simulator (AGCFS). These data are tabulated in
Table I.

TABLE I.

i CSK weights .(pounds) , I Z-translation X-translation (AC Quads

I' 2754-2 18 19.3

, (nominal)
i

t 27o4_ 18.6 2o.1

I- ( igh)

27042 19.2 18.5

Data was obtained not only for the nominal CSM _¢eight of 275142_}(supplied

, .,_asoaonl'l_mnJ.n_a_xd A_a3.yn:ks Divisi m) but aiLso for variations
'_l)OlCb th(: I]Ollt:in'd. of +500//. 'J.qle X-tr,'msl:ttion po_mdac;e includes the actu:tl
+X-tr,'msik,'tt;ionpropel:k_'mt m_d the propell_mt for the gwo required 90 °

")'i
• 1
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m_n]euvers at 0.5°/see rate. The c_ata indicates that a 50_} lower CSM

weight causes a slightly higher (1.2_IL) propellant usage for a -Z trans-

!ation. _is is due to an increase in the Xcg to thruster plane dis-

tance, which is very sensitive to SPS propellant loading.

in _eneral_ it can he seen that either method cons_nes approxhm_tcly the

_',umc]<C8 prope]_l.ant, l[ence_ the deciding factor is the relative sin-
• _ _o _ran_.La_lon method isl)lici%y of the p].oc_dure_. On this basis, the -Z ..... " _

superior_ as it zequires only one action as opposed to three actions

for the X-translation method_ tw'o of which are attitude maneuvers
lasting three minutes each.

_a_ea on this anal,)rsist the Guidance and _,ontrol Divis<on _eoo .... dS_
for the goiverD_qm _,r_h_ snd a_]+._ V rc%r_i_m_h that a -Z t_ans_at_on

: b_eeu.sed for this maneuver.

i Robert A. #Gardiner

CO:

': EG2/D. C. Cheatham

i EG21/C. F. Wasscn

i- EG41/J. F. Hanaway
i EG/Branches & Project Offices.I

EA/M. A. Faget m/

P.Mayer
<': FM7/M. D. Cassetti

PDI2/R. _[_ Kubicki

i! EG23 :ETKubiak:dbb 10-21-68

i

i
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UNITED STATES GOVEi_NMEN'I"

TO See list attached DATE: September 23, 1968

68-PA-T-203A

F_OM PA/Chief, Apollo Data PrioriBy Coordination

SUBJECT: D Rendezvous Ground Rules and Working Agreements update

Attached are the ground rules and working agreements updated based on

our September 9 Mission Techniques meeting. They reflect the new,

simplified D Rendezvous exercise - primarily changes in the _ll

trajectory and the "insertion maneuver" plus a bunch of things _e

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". _ased on the studies underway, the procedures

will have to be adjusted to assure meeting the constraints after

taey are defined and put in order of priority.

And - of course, we've gotta get that rendezvous rac_ therm_ mlo_v

m.nnao fi-_ed: Other action :[termsI fail-ed to list previously are as
follows :

a. The AGS people of TRW were asked to recormm.end the proper

techn]que for managing the AGS in the event the PGI_CS has failed and

the CSM _kes r._-nneuverssince it has no program comparable to the

PGNCS "Target AV" R32.

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 C,_6_:_-7_j,_q_
I|

]l used for the RCS Sepration burn (i.e., -z or x) - or at least which
|| wou]_d cost less RCS pro_el].ant, taking into account the altitude _v_neu-

%|vers and altitude hold required in each case. [\_.
&_,

d. NIT was asked to look into reducing the time required for observ-

ing the PiPA's in their b:ia_;test to les,s than the current 256 seconds.

1%e:s we'll get together a[;ain somet:m . We haven't scheduled that

,.<-_n_ vc.b. We ar_, planning, to _et; a s_!_qller group together to review
t!_e revised D Rendezvous M_.':_s_onon Octo]ur 4 i_@_.

Howard W. Tind.<:l]._L, ,Yr.

'., 2

f-- _"_'_/!:'[ ?A:E_,.JTindall, Jr.:is _., "_-..'.< , , . __

:-:£2;'Z _5uy U.S. .?az, ings Bomts Regularly o_; t]_: Pe_yroll o°av_ngs Plan _t \ 2
I



September 12, 1968

"D" ;,LI.....Iu _ _t!, _,._'.,ZV0b,_QI-_OI.TNDRULES, WOPdqI.NGAGP,Fb'3gZNTS

ANT) '[I[:[NGS LIK]_ 'i_£&T

i. C,oneral

a. The reference trajectory is taaZ provided by _[PAD, dated August 22,

19(_], and as a_r_plifiedin Appendix I.

b. Nomenclal,ure for the burn sequence following undocking is:

(i) RCS Sepration

(2) Phasing

(3) TPI - If abort _from football
o

(4) Insertion

(5) csi
(6)
(7)

(s)

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

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

is i80 °. A 180 ° roll will be performed by the CSM immediately prior to or

during the llviUalignment 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. I_4 and CSM s_ate vectors time tagged 12 minutes before RCS Sepr_tion

are upl_nked to the CMC and LGC pr:ior to undock:ing. Si>qte vectors are not

sent to either vehicle again during the rendezvous.

e. On both spacecraft all rendezvous nav[gat,]on will be carried ou:: to

update the I_¢_s_ate vector. That is, the LM radar data would be u::ed to "

update the LM st,_te vector in the LGC and the CSM sextant data would be us,_d

to update "_heLM state vector in _he CMC.

/
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_- F. 0_ b_l,_ _,D_, _.,_'_,_,• r_dez_ou_ nav_gz_tion W-_trix will be set to

, _._,_,_i i _I_::!nl_i,_ll_'f2n_ whenew_r _t Is re[nitialized periodically

during th,_ren_ezv<_.

nM state vector will be updated after each LM m_neuver_. The CMC's _

with the P-76 Target AV routine using the pre-burn values as determined _n

the LM's pre-thrust program

h. The AGS shoL_id be _lin_ained in that state which makes it most useful

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

established the preferred techniques in accordance with that g_ound r_le, it

is possible to include some AG$ systems tests without jeopardizing crew safety

or other mission objectives, they would be considered.

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

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

_rmmitted to make the next _a_euver using the !_GNCS except perhaps TPI.

j. AGC miignments will be made each time the PGNCS is realigned and

each time the state vector _n the AGS is updated from the PGNCS.

k. If PGNCS, PLR_ or C_ fails while in the football trajectory, the

rendezvous exercise is terminated at the TPI ° opportunity.

I. The AGS is not mandatory for the rendezvous exercise. That is, if it

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

m. As soon as possible after powering up the LGC, the E memory will be

dumped via T/M so t'aat the MCC-H may check its contents for completeness

and accu_'acy. If necessary, the MCC-H will reload via uplink any important {]

parameters found to be in error.

2. Prior to Undeeking

a. The crew will synchronize the CMC clock as precisely as possible utlllz-

ing lnformmtion voiced from the ground. The crew will provide initi_i synehro-



ni:_r_t :_)I_. of t,!:<, %(:C t,o t:!,_ CHC cl.ock. _he ground will provide the neco::::ary
/-

_nfo:_'ma%:on L?; voic,, fo_ i':.ne synchronJzabion 02' the LGC c],oek. Thi:_

su/_,eroT_'dosth.,:m_sr;!on rule wh:ici_ spec/fLies resynchroni:',ation of a space-

craft eloci< onl_ whenever i% disagrees with the ground reference by more

th_{n O.5 seconds.

b. The LM Rond@zvous _M_9%T is that of a "nomirml" alignment for

T (align) = TIG (k_Pi). it will be uplinked from the ground.

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

where :

csH: { LM

Y : Y

Z csM::-ZLH

d. Prior to undocking_ the CSM will mneuver the docked vehicles to

"- an inertial attitude such that with no further attitude maneuvering the

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

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

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

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

that the CSM _FSYi_AT is nominal at TPI.

e. The only in-flight adjustment of the LGC I_IPA bias compensation

par,ume'_ers inc].uded in the nomJ nal flJ_<ht plan shall be done by the crew wh_le

doc]<,.d to the CSM. The values will be updated regard].es:_ c_['how ,_;m_t.]_l_.il_'

<:har_ge. (i.e._ there is no ]_ower th_esho].d) 'i'hecrew will. in:I'o_'m1,h,.M(]C-ii

el' Lhe 7,ew vrfiu,,"at the next _[SI,_ station co_;t.nct por_s]i_Ir:. Tho MCC-][ ,,,']]_.

ccn'.:::m:mliy moni<;or the iMU perforrm<_n('e mad will advise, nn, l ,,::sir;i;:in ,._,_,_i_io_:,,!

upds,Les 2f the compensation becomes in error b?/ more tb,n a .':pec;f"[od t}_:r,.::h,_l_i.

f Cu:r<_'_':-'<.iythis threshold is set at .003 ft./see. 2

i
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_<_ ....-,,<,icrometercalibration sbmll be l_erformed while docked at

_bout, the _a:ne time as the Pi])A compensation. This will be the only AGS

accclerometer calibration in the nominal flight plan. AGS gyro calibration

shall not be performed during the rendezvous exercise period of activity.

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

Sepration attitude, the LM v,_]will be aligned to the CSM IMU using the docked

alignment procedure which takes advantage of a known CSM 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 VI6N20) and coarse align and attitude dead

banding errors are removed by direct torquing of the LM _ 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 o_t this procedure.

h. The formula used for docked aligr_aents with identical REFS_MATS is:

IGALM = IGAcM + 180

MGALM = -MGAcM

Where _ is the docking ring angle.

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

oriented:

YI_ = YCM

ZI_4 XCM



iG_v, = 1¢_CM + 90

MGAI2_ = MGAcM = 0

This Js a special formula only valid where the CM MC_ = O. This set of

equations will i_e used for the LM alig_ment prior to undocking. (Equation

verification is given in _LIT/IL Apollo C_;NSyouem Tea,_ Group Memo No. 1224,

dated August _'_ "'_,_,19o8. This 'reference notes there is a possible error in

the sign of the A_ term.)

3. Undockinge 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 "oe 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 mintain attitude and will be

responsible for staSion keeping. The IM 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° (l°/sec) permittinr_ the CSM to conduct

a visual inspection of the land:in_zppar and LM strucl,ur',:.

d. Afte:" coraplc't_on cf [_e, the LM assuming: the stallion kec'p_n_ t_::k wh_].c.

the CSM isrepares for RCS Separat:ion.

4. RCS Sepr_ tfon and M]nf-football

a. The eo'._t_u2_at[on of' the spacecraft at the RCS Separatlon burn wli!l

be 124 leading the CSM_ both heads down facing each other with :_,erore!ativ.,"

" velocity. (0r-t_i_rate FDAI's - LM: O, 1800, 0 } CSM: 180, O, 0). (FDAi

[,"



s_,_tai attltu_:(>is r<,::_d-n the order roll, pitci_, yaw; IMU g,imb_,lan_<l_::_ar_,

read in ti_e order outer, inner; middle).

b. The CSM will execute a 5 fps radial inward burn for the RCS

_;ep.ura[,ioni_urn; i.e., the CSM will 5 fps -Z (body). This burn will

c'mploy the [?-30, i°-41 sequence. LY_ uses R-32 to update CSM state vector in

the LGC. The AV residuals w_ll be trimmed to within 0.2 fps, all components.

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

perform REFS_IAT IMU alignments.

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

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

5. IDhasing _neuver and Football

a. The _gnitude of the phasing burn is always re-established inflight.

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

_nitorin_ by use of programs 30 and 40. The throttle will be set at i0%

for !5 seconds at "which time _ltwill 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. The crew determines the LPD pitch angle for

this check.

d. Phasin{_ burn monitoring

_Lj_- _ Attitude and/or attitude rate limits are exceeded - terminate

the burn.

(2) 0verburn - Back up AGS engine off three (3) seconds after the

PGNCS "enf_Tineoff tLme" is indicated.

e. Upon co_;pletion of the burn, the I_M shall be oriented with X-axis

vertical and the y and z body axis AV residuals will be trimmed to zero.
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The x body AV re:;idual wLli be trimmmd to within 2 fps to maintain A h with

"I- [i

i/4 mi:_e. _

f. While in the footbail_ both vehicles will exerc!se their complete

rendezvous aavi[at[on 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 I_]NCS

and CSM _%N, providing confidence in proceeding with the Insertion maneuver.

As noted previously, these onboard determined state vectors will not be

updated from ti_e MCC-H.

g. On ent_'ring the darkness period about a quarter of a revolution

before the phasing burn, both spacecraft w_ll perform REFSMMAT iMU alignments.

h. If it is found necessary to remain an ex.tra revolution in the football

prior _o executLng TPI ° or the Insertion burn_ the same procedures will be

as during the initial football revolution.
followed

V
0
• T2i

0

a. IF I_GNCS, rendezvous radar, or CSM G&N fails prior to insertion but

after phasing_ TPI ° is performed. As a standard operating procedure during

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

to exeeu_;e the TPI if an abort is necessary. If the failure is LH PGNC8,

AGS is used for executLng TPI. A 130 ° transfer angle ::h,_ll be u.<ed for

aborts from the football rendezvous. Dut ,,t_sec] or uns_;_gec].

Insert ion _h neuver %

a. MCC-}{ will compute and target the LM PGNCS for the Insertion r.v_L_euv,::.;_

Jn real time. Exzernal V targeting will be used, _ _ '_ -;_,ranom._ _,ted vim ,;h, l'f'y ,

uplink route if' the timeline permits• Voice backup (pad data) w_ll :Jlwa?/s b_. '

relayed. !_

b. _'-_:,<:CSH will also) be targeted to .make a mi_neuver to _ard agaJna: :, _

partial 124 DlXS'burn falling outside the cap_bil[ty of the LM RC:; to c_,rr,ct.



This m_Jnouw'r will probably be fixed preflight (for example - 20 fps, Ii

hor_izontal, posi6rade) which would permit the LM to return to a football I_

by RCS.

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

engine failure to start, the IS{ will remove that AV to stay in the football.

6. C$I _nd CDH
_ J

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

when the CSM is 25_ minutes before su_rise. 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 will be used by both

F spacecraft - for PGNCS comparison, AGS targeting; and CSM GAN mirror image

targeting, etc. It shall be that solution which is 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 will be targeted with

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

the event the 194 is una]sle to maneuver. In order to maintain TPI time and

differential altitude within acceptable bounds it is necessary to bias the

radial _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 AV

component of either the CSI or CDH maneuvers need to bebiased :in the CMC.

d. In order to compensa<e for approximations in the on])oard CSI tar- _

_e_"n_ -sro_ram (032) re_ul_n_,, in a "nominal" TPi time shift_ it is necessary <

to bias the TPI _ime the LM crew inputs to that program 120 second_ late. Th{_ _.



crew ,_._d±±I_',,-;CDH tJmc I].0 seconds later than determined by ti_eFGNCS CSi

t,urf<e_ng program (P32) when sequencing through the CDil targeting program

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

radial _co_Donen _ if uncorrected.

e. An out-of-plane _V component will be computed by the LM PGNCS for

CSI and CDH using R36. This _mneuverAv shall be executed unless it is

less than 2 fps. This AV component will be included in the LGC/_FC solu-

tion comparison.

f. LM PGNCS AV 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.

g. In the event the ground solution is to be used, it will be executed

,_ using the AGS which has been targeted with the F_FN solution as a standard

procedure. The external AV mode is used. No AV components of either the ,9

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 LM shall

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

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

compute onboard chart solutions for TI_I 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 _.n ulla(:e _Jneuver pr:i¢_r;,c,_

r,y_inengine failure_ the I_4 will ra.move l,h_t AV to rmqintain cor_f.<:i,_]:_'_,._,-

_'_:_of <he CSM mirror i:_,_ageburn.
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9. TPI

[NO'I_E: Some of _)he following items (e.g._ 9a and 9c) which involve

lighting constraintshave not been established as being right_ since they

are based on an asstm_tion that lighting is not mandatory. In fact_ the

lighting is currently considered mandatory under certain 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 P3 4

TPI "time option" from the "elevation option" if necessary to force

TPI to occur within the window. This business also has implications

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

r for comparison. These results of these studies may also cause a change

in the nominal TPI time noted in 8all

a. Although studies have shown that if TI_I 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 is_ lighting

constraints are desirable but not mandatory. Nominal TPI elevation

angie is m_ndatory. (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 angie will be used for all rendezvous.

c. The _4 shall_ always use the elevation angle option _n Pj_4 for T_<i

tarse<[n_. (See note above)
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d. The CS_4 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 _PI 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 TFF

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

message) in both External AV 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 co_aand 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 Y_-9_ 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 LCC using the target AV program.

g. if the LM PGNCS has failed, but the RR Js working, compare the

onboar<i chart solution fox- TPI with the M_FN. If the comparison is favorable

execute the chart solution and, if not, use the _FN AV's executed at a

time deterred]nedonboard the spacecraft. The maneuver would be made usin_

the A_ external _V mode

h. if both the RR and _he CSM G_ have failed, use the LM PCNCS _o

execute the }_FN TPI solution given in LOS coordinates at the i_:imeat wh_ ch

_ t_e elevation angle is 27.5° as determined onboard the ._qm_cecraft.
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s- :!• if "_-_,_.<CSM performs _he TPI msneuver, RCS will be used rather :

than SPS as the _ropuision system. This simplification significantly ii

reduces the CSM crew loadinG; and gives greater assurance he will be i
!.

able to do all things required of him.



UNITED STATES GOVEP.NMENT [_ ' r. " " "a " " "" _'_f

";:r -_ . , • , .. .2. _21A_Ic_

TO : PA/Chlef, Apollo Data h°iority Coordination DATE: September 17, 190S

68-I_161-293
FRO_'I ; F_tb,/Ch_ef_ Orbital Mission Analysis Branch

SUBJECT: Reference trajectory usage for mission D rendezvous simulations
and analyses

. As a result of the recent change in _he rendezvous profile for

mission D, formal docmnentation does not currently exist which provides

the trajectory information required for rendezvous-associated analyses.
The O_v_B was requested in the "D" Rendezw)us Mission Techniques meet-
ing of September 9 to define which, of the existing reference trajee-

%ories_ should be utilized for interim analyses_ software testing, and
['lightcrew support .prior to the publication of the operational trajec-

tory (currently scheduled for publication November 15, 1968). The OF_B

recomm_ends that the document, "Revision 2 to the Apollo Mission D
Spacecraft Reference Trajectory_ Volume I - Nominal Trajectory_"

(MSC Internal Note No. 68-FM-210, dated August 22, 1968 ) he 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:See) through TPF in this

documen_ is identical to the current profile following the insertion

'_ b_n from a lighting sm_drelative motion standpoint. That is_ 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
fo_ significant events. These are as follows:

Event Current g.e.t.

Undocking 92:45:00

Mini-foQtball separation 93:01:45

Phasing 93:46:07

Insertion 95:37:%9

CSI 96:18:45

CDH 97:<Li:33

TPI 97:54:51

TPF 98:26:49

,£ ' ."( APPEgrDIX I
F •ff

" : "_ B_y U.S. Savings Bonds Regularly on t_e Payroll Savi_gs Plan
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2. TP,,'f'l i_:_hi: crew .is currently performing rendezvous sin_lations

b_J'.u_dvpon tl'.cm_ssion D ref'_:rence trojectory (Apr:[l 30, 1968). By

,_:t,:_rting::',imulationsat the 97:55:10 reset point, performing CSI at

the time reflected in this document (98:52!:14), and using as a nom-

i,ual T_I 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. That is, aAH of lOn. 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.

LinebY'y, ef
Orbital Mission Analysis Branch
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UNITED STATES GOVERNMENT

Memorandum
TO : See list attached DATE: September 12, 1968

68-PA-T-197A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECt: D Rendezvous Mission Techniques Meeting - September 9, 1968

On September 9, we had another D Rendezvous Mission Techniques meeting.
Basically what we did there was to discuss the new, simplified rendezvous

mission plan and its effect on the work we have done so far. Based on

this discussion, I am revising the ground rules and working agreements
and will send them out within a week or so. I think we were all quite

pleased to find that the changes were relatively minor and for the

most part made things simplier - as they should. The two biggest
unresolved areas deal with selection of the nominal TPI time and the

rendezvous navigation tracking schedule 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 phase lighting constraints. For a LMrendezvous from

below, command module from above situation the TPI time window pro-
viding acceptable lighting is only about four minutes long. That is,

the TPI maneuver should occur within that small time period. It is

almost inconceivable, we can expect to hit such a short 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

requested that its boundaries be "hard," that is mandatory as opposed

to merely desirable lighting constraints. In parallel with this, we

have asked MPAD to determine the sort of dispersion we can expect to
have in TPI time based on the new mission plan and the latest spacecraft

systems performance estimates. When this information is available, we
will select the nominal TPI time. This choice must be made quite soon

because it influences the Operational Trajectory and many other associated
things. (If the VHF ranging device is added to the D mission command

modulej the situation could be relaxed considerably. That w)uld certainly
increase the command module rescue capability by a substantill amount.)

The Rendezvous Navigation Mission Techniques panel we set up last time

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 standpoint, at least for the old double-bubble rendezvous.

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



An RCA r_Jn _laz at our meeting and gave us an excellent description of the

problem. Essentially what it amounts to is that the rendezvous radar

thermal protection has been defined (as per specification) to an obsolete

lunar landing mission profile. As a result, there is too much insulation

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 is no control of

antenna position n_king it impossible to obtain radar observations of the

command module. The new mission 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 easily.

That is_ reduce the amount of insulation. Since the meeting_ I have
contacted Aaron Cohen, who is now geting his people looking into this. It

seems to me that the insulation should be designed specifically for the

D mission radar. Without the radar the situation becomes extremely

serious - no data into the LMat all. And the CSM has a pretty lousy

rendezvous guidance system unless the VHF is added.

PA:HWTindall_ Jr.:is
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UNITED STATES GOVERNMENT ""_ _ _i._; .<-. Division

-Memorandum
TO : Informal Distribution DATE" SFP 1 3 ]_b_

68-FM46-339
FROM : FMk/N_thematical Physic._ Branch

SUBJECT: D Mission Rendezvous Navigation Mission Techniques Panel Meeting of

September ll, 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 INactive single
bubble rendezvous.

2. The rendezvous radar heaters are turned on at 90:56 (hr:min g.e.t.)

and the subsequent rendezvous radar on-off schedule is as follows:

RE on 92:21 93:02 93:41 94:23 95:52 96:23 97:06

RE off 92:42 93:25 94:12 95:17 96:08 96:57 98:42

It is imperative that a thermal analysis be performed as soon as

possible using this schedule. R. Kubicki has been given the action to
initiate the thermal analysis. The trajectory data contained in MSC

memorandum 68-F_4-280 of 1968 should be used.

3. The CSM and IN tracking and W-matrix reinitialization schedules are

included in the attached table. The assumptions used to arrive at these
schedules are also included in the table.

Attachment

Distribution: (See attached list) _+_ d_2_4_¢ __ _

• i_:+ •

._j not c_'_r+':_ :...... • ,_ 4;
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A_CHME_ "

LM Activity Timellne CSM Activity 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 Phssing

_93:53 IT* ,__9_:57 IT*
q_ _94:00 CT** L94:08 CT**

1"94:02 IT _q_(94:30 IT (3/1, *_-_)
L94:44 CT_L94:11 CT

94:2>_ IT 95:06 Undocked Alignment
_94:28 _ _95:08 IT (3/1, _t_,,3/i)

"!94:45•. CT 7__95:10 CT

94:06 Undocked Alignment (start at 94:91) 95:38 Insertion

_95:o8IT (95:45IT(3/1,.x-_)
"__95:_-1c_ 1_196:ooCT

95 :38 Insertion

(95:hh IT
_95:48 CT,***

_._95:49 IT:53 CT

!95:54 IT_ 6:07 CT

96:19 CSI 96:19 CSI

('96:29 IT ?_96:31 IT (3/i, *_, 3/i)
_96:29 CT,*** (96:33 CT,

96:37 IT
06:30 IT _0 (96:47 CT$o_96:50 CT

97:02 CDH 97:02 CDH

(97:08 IT ¢97,09 IT (3/1, *-x-x-, 6/5)

_97:12 CT,*_-_ 197:15 CT,

:14 IT _97:36 IT (3/2)
_[97:18 CT Z_97:38 CT

_97:2oIT _I_7:4oIT_(_)/_]
07 :2_ CT [97:45 CT



LM Activity Timeline CSM Activity Timeline

,_- Ground Elapsed Time, _:min; Event Ground Elapsed Time, hr:min; Event

°97:27 IT

iO L97:43 CT

97:55 TPI 97:55 TPI

_97:58 IT ,C98:00 IT (513)
_98:02 CT m _98:03 CT

98:05 MCC1 98:09 MCCl

#98:06 IT #98:07 IT (3/1, *_-_, 3/1)
L98:o8 CT,*_- _'198:09 CT

 98:o8IT  98:12 (5/3)
L98:14 CT _98:15 CT

98:17 MCC2 98:17 MCC2

* Initiate Track, IT

_-_ Cease Track, CT

Reinitialize

a/b a = number of marks and b = time interval



_ _ ASSUMPTIONS USED IN TRACKING

SCHEDULE PREPARATION

i. To standardize the LM tracking schedule preceding the CSI, CDH and TPI

maneuvers, the time required for the preparation to execute CSI, CDH, or
TPI is assumed to be 12 minutes.

2. For the CSI and CI_maneuvers, one minute from the l_Mmaneuver initiation

time was allowed for the command module pilot to either

a. initiate his mirror image maneuver or

b. initiate the nmneuver to take him to the track attitude.

3. To standardize the IAMtracking 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

LMnavigation 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 CSMand LM,
respectively.

5. The trajectory used for determining these schedules is documented in MSC
memorandum 68-FM64- 2_).
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UNITED STATES GOVERNMENT

Memorandum
TO : See list attached DATE: September 23, 1968

68-PA-T-203A

FROM : PA/ehief, Apollo Data Priority Coordination

SUBJECT: D Rendezvous Ground Rules and Working Agreements update

Attached are the ground rules and working agreements updated based on

our September 9 Mission 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 AC_ in the event the PGNCS has failed and
the CSM makes maneuvers since it has no program comparable to the

PGNCS "Target _V" R32.

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. GOD 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 ease.

d. MIT was asked to look into reducing the time required for observ-

ing the PIPA'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 revised D Rendezvous Mission on October 4, 1968.

Howard W. Tindall, Jr.
_f

Enclosure

PA:HWTindalI, Jr. :js
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September 12, 1968

"D" MISSION RENDEZVOUS GROUND RULES, WORKING AGREEMENTS

AND THINGS LIKE THAT

I. General

a. The reference trajectory is that provided by M!PAD_ dated August 22_

1968_ and as amplified in Appendix I.

b. Nomenclature for the burn sequence following undocking is:

(I) RCS Sepration

(2) Phasing

(3) TPI - If abort from football
0

(4) Insertion

(5) csz
(6)
(7)

(8)

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 IMUalignment 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. LMand CSM state 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.
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f. On both spacecraft the rendezvous navigation W-matrix will be set to

lO00 feet and 1 fps initially andwhenever it is reinitialized periodically

during the rendezvous.

g. The CMC's LM state vector will be updated after each LMmaneuver

with the P-76 Target _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 failure. If, after having

established the preferred techniques in accordance with that ground rule, it

is possible 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. This will likely be at each time it is

committed to make the next maneuver using the l°GNCS except perhaps TPI.

j. 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.

k. If PGNCS, RR, or G&_ fails while in the football trajectory, the

rendezvous exercise is terminated at the TPI opportunity.
O

1. The AGS is not mandatory for the rendezvous exercise. That is, if it

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

m. As soon as possible after powering up the LGCj the E memory will be

dumped via T/M so that the MCC-H may check its contents for completeness

and accuracy. If necessary, the MCC-H will reload via uplink any important

parameters found to be in error.

2. Prior to Undockin_

a. The crew will synchronize the CMC clock as precisely as possible utiliz..

ing information voiced from the ground. The crew will provide initial synehro-
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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 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 LMRendezvous 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:

csH: la

T csM: Y 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

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

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

of the line of modes from TIG (RCS Separation) to TIG (TPI)_ and the fact

that the CSMREFSMMAT is nominal at TPI.

e. The only in-fli@it 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 N_FN station contact possible. The MCC-H will

continually monitor the II_Jperformance and will advise and assist in additional

updates if the compensation becomes in error by more than a specified threshold.

Currently this threshold is set at .003 ft./sec. 2.
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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 no__tbe performed during the rendezvous exercise period of activity.

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 CSM inertial attitude and

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

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

are then compared directly (via VI6N20) and coarse align and attitude dead

banding errors are removed by direct torquing of the LM _ 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 alignments with identical REFSMMATS is:

0_ = (300 -O_cM

IGALM = IGAcM + 180

MGALM = -MGAcM

Where _¢ is the docking ring angle.

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

oriented:

: -ZcM
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is:

= (3o0+A¢)-OaAcM

: + 90

M_LM = MGAcM = 0

This is a special formula only valid where the CM MGA = O. 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,

!dated August 28,1968. This reference notes there is a possible error in

the sign of the _ term.)

3. Undoeking/ station keeping and LM inspection

a. Undoeking 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

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

c. The LMwill yaw through 360 ° (l°/see) permitting the CSM to conduct

a visual inspection of the landing gear and LM structure.

d. After completion of 3e, the LMassumes 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 FDAI's - LM: 0, 180, 0 _ CSM: 180_ O, 0). (FDAI
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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 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. LMuses R-32 to update CSM state vector in

the LGC. The _V residuals will be trimmed to within 0.2 fps, all components.

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

perform RIIFSMM&T l_J alignments.

d. The CSM and I_COAS will be calibrated during the mini-football and I

Iwill not be moved again after that. The LMutilizes the foward window.

5. Phasing Maneuver and Football

a. The magnitude of the phasing burn is always re-established inflight. I

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 I0%

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. The crew determines the LPD pitch angle for
|

this check.

d. Phasing burn monitoring

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

the burn.

(2) 0verburn - Back up AGS engine off three (13) seconds after the

PGNCS "engine off time" is indicated.

e. Upon completion of the burn, the LM Shall be oriented with X-axis

vertical and the y and z body axis _V residuals will be trimmed to zero.



7
Zf-

The x body AV residual will be trimmed to within 2 fps to maintain A h with

I/4 mile.

f. While in the football, both vehicles will exercise 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 is found necessary to remain an extra revolution in the football

f

prior to executing TPI° or the Insertion burn, the same procedureswill be

followed as during the initial football revolution.

6. TPI
O

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

after phasing_ TPI ° is performed. As a standard operating procedure during

the football rendezvous, the LMand 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. A 130° transfer angle shall be used for

aborts from the football rendezvous. But staged or unstaged.

7. Insertion Maneuver

a. MCC-H will compute and target the LM PGNCS for the Insertion maneuver

in real time. External _V targeting will be used, transmitted via the P27

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 LMDPS burn fallin_ outside the capability of the LM RCS to correct.
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This maneuver will probably be fixed preflight (for example - 20 fps, i

lhorizontal, posigrade) which would permit the LM to return to a football

by RCS.

c. In the event the LMhas performed a ullage maneuver prior to a DPS

engine failure to start, the LMwill 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 25½ 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 stsingle solution for

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

spacecraft - for PGNCS comparison, AGS targeting, and CSM CRkN mirror image

targeting, etc. It shall be that solution which is n_st compatible with

the I°GNCS. Some biases will be necessary for use in the CSM C&N.

c. 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. In order to maintain TPI time and

differential altitude within acceptable bounds it is necessary to bias the

radial _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 _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 is necessary

to bias the TPI time the LM crew inputs to that program 120 seconds late. The
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crew shall bias CDH time ii0 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 if uncorrected.

e. An out-of-plane _V component will be computed by the LMPGNCS for

CSI and CDH using R36. This maneuver_V shall be executed unless it is

less than 2 fps. This _V component will be included in the I_C/_FC solu-

tion comparison.

f. LM PGNCS _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.

f g. In the event the ground solution is to be used, it will be executed

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

procedure. The external AV mode is used. No _V components of either the I

ICSI 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 LM shall

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

minutes between CSI and 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 _V to maintain correct target-

ing of the CSM mirror image burn.
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9. TPI

[NOTE: Some of the following 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 _ndatory. In fact, the

lighting is currently considered mandatory under certain 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 aw_ilable. Consideration is being given to shifting to the P34

TPI "time option" from the "elevation option" if necessary to force

TPI to occur within the window. This business also has implications

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

for con_arison. These results of these studies _y also cause a change

in the nominal TPI time noted in 8a.]

a. Although studies have shown that if TI°I 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 is, 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 shall always use the elevation angle option in P34 for TPI

targeting. (See note above)
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d. The CSM shall always use the elevation angle option in P34 for TPI

targeting whenever it becomes the active vehicle. Therefore 3 the first

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

however, if the LMTPI 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 AV and line-of-sight components.

f. If the LMPGNCS 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 LMdoes 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 LMthe maneuvers

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

state vector in the LGC using the target _V program.

g. If the LMPGNCS 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 _FN _V's executed at a

time determined onboard the spacecraft. The maneuver would be made using

the AGS external _V mode.

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

,f

execute the _BFN TPI solution given in LOS coordinates at the time at which

the elevation angle is 27.5 ° as determined onboard the spacecraft.
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i. If the CSM performs the TPI maneuver_ RCS will be used rather

than SIS as the propulsion system. This simplification significantly

reduces the CSM crew loading and gives greater assurance he will be

able to do all things required of him.
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TO : PA/Chief, Apollo Data Priority Coordination DATE: September 17, 1968

68-FM61-293
FROM : FM6/Chief, Orbital Mission Analysis Branch

SUBJECT: Reference trajectory usage for mission D rendezvous simulations
and analyses

i. As a result of the recent change in the rendezvous profile for

mission D, formal documentation does not currently exist which provides

the trajectory information required for rendezvous-associated analyses.
The 0MAB was requested in the "D" Rendezvous Mission Techniques meet-
ing of September 9 to define which, of the existing reference trajec-

tories, should be utilized for interim analyses, software testing, and
flight crew support prior to the publication of the operational trajec-

tory (currently scheduled for publication November 15, 1968). The OMAB
recommends that the document, "Revision 2 to the Apollo Mission D

Spacecraft Reference Trajectory, Volume I - Nominal Trajectory,"

__ (MSC Internal Note No. 68-FM-210, dated August 22_ 1968) be 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:Sec) through TPF in this

document is identical to the current profile following the insertion

burn from a lighting and relative motion standpoint. That is_ 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 events. These are as follows:

Event Current g.e.t.

Undocking 92:45:00

Mini-football separation 93:01:45

Phasing 93:46:07

Insertion 95:37:49

CSI 96:18:45

CDH 97:01:33

TPI 97:54:51

TPF 98:26:49

f- .
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2. The flight crew is currently performing rendezvous simulations

based upon the mission D reference trajectory (April 30, 1968). By

starting simulations at the 97:55:10 reset point, performing CSI at

the time reflected in this document (98:52:14), and using 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. That is, a_H of l0 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.

0rbitalMission Analysis Branch

i--
i
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68-PA-T-218A

FROM : PA/Chief, Apollo Data _iority Coordination

SUBJECT: D Rendezvous Mission Techniques

On October 4 we met to review a draft of the D Rendezvous Mission

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 rmini-football

c. Phasing into football

do 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 piece 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 o£ equipment subsequently fail. We adopted, as a general

philosophy, that the command module must be prepared to rescue the LMand
so we insisted on having redundant CSM capability for all crucial operations.
In the LMwe were somewhat 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. The reason

f_
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was that most objectiw_s 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 PGNCS. This is considered important since without it,

it may not be possible 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 _FN solution for CSI and CDH

would be used to target the AGS, the crew has a strong preference for using
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 _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 data would be input into the AGS prior

to CSI and CDH. To this we are adding the football prior to TPI ° unless
the PGNCS fails or it is known that TPI will be executed.

o

c. It has been established that the LGC rendezvous navigation W-matrix

will be initially set to 1,000 feet and i 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 satisfactory rendezvous lighting conditions and _I_N

coverage. They may permit the _h for TPI (that is, the football

rendezvous) to vary + i nautical mile. Th_ _h for TPI should be tar-

geted to be i0 + 0 n_utical miles. Actually this tolerance variation

in the football--provides quite a bit of control for the real time mission

planner and he should be able to do the CDH targeting to meet the TPI _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 A_ 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 a_ees 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 docked to the CS_/_
Enclosures 2
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LH systems required to continue t_e exercise assuming that CSM rescue

provides an adequate backup for failure_c_'_.L__,_,

SEPARATION INTO PHASING INTO INS_TIoN,
LM SYSTEMS UNDOCKING MINI-FOOTBALL FOOTBALL CSI/CDH

PGNCS LGC R 1 R R R

IMU R 1 i2 R R

AGS 3 AEA NR NR NR R2

ASA Nil NR NR R2

CES R 1 R R R

DPS/DECA NR NR R4 NR 5

RR 6 NR R q R R

Tape Meter 8 NR Nil NR NR

Event Timer NR NR NR NR

FDAI's 9 NR R R R

AOT or COAS I0 NR NR R R

Hand Controllers II R R R R

Cross Pointers NR NR NR NR

CSM Tracking Light NR NR Nil NR

Redundant CSM Systems required to provide LM rescue capability without
LMassistance.

GNCS CMC NR NR 9 R R

IMU NR NR9 R R

Optic_XT_ NR NR R R
scr NR NR R R

COAS NR NR NR NR

SCS BMAGS NR NR9 R 12 R 12

GDC NR NR NR R

FDAIrs NR NR9 R R

SPS NR NR NR R

DKSY 13 NR NR R R

Handcontrollers R R R R

EMS AV Counter ErR NR NR R

Event Timer NR NR NR NR

LM Tracking Light NR NR 14 R R

I. Either PGNCS or CES required since '_Direct" is assumed acceptable for docking.
2. Assuming additional experience gained in the CSI/CDH rendezvous does not

justify the risk of demanding CSM rescue for subsequent PGNCS failure.
3. Includes DEDA.

4. Alternate mission may be possible.

5. Nominal trajectory possible with APS/RCS.

6. Includes transponder. _c_e [_.?@_
7. Separation acceptable if^test obj_ctlve can be accomplished.

8. Assuming RR self-test_V_ _) _v_A_._ W_ _ W_oo_,
9. One or the other required - not both.
i0. Assuming rendezvous navigation studies show uncallbrated COAS IMU alignment

is adequate to make flight meaningful.
ii. Translation and at least one RHC.

12. One/channel.

13. Crew to verify one CSM DSKY adequate to perform rescue for SPS burns and

navigation.
14. Assuming running or cabin lights are visible at 2.5 NM.

1-7
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TO :See list attached DATE: October 17, 1968

68-PA-T-227A

FROM : PA/Chief, Apollo Data Priority Coordination

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 know

of ethers, please give me a call.

i. (TRW) What are the expected AV 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 at TPI? It 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 I_J 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 using the PGNCS
Elevation angle option, what solution will°be 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 o

to use the time option. It is interesting to note that the TPI maneuver
O

is applied more-or-less away from rather than toward the target spacecraft.

This certainly affects the backup techniques involving boresighting along
the LOS developed for a "standard" rendezvous TPI.



7. (THW/AGS) How _s the CSM state vector in the AGS updated if the
PGNCS has failed and the CSM makes a maneuver? Note the AGS has no program

equivalent to the PGNCS "Target _V" (R32).

8. (FCD) Assuming the LGC is powered down after the docked DI_S

burn (is this true or is it set to standby?), an E memory cheek is
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 less than 256 seconds?

I0. (_PAD) Determine expected (3 sigma) shift in TPI time from nominml
during the rendezvous to assist in selecting the TPI situation to aim for.

ii. (FCSD) Define TPI window of acceptable lighting conditions and

degree of constraint "hardness."

12. (Data Priority) Based on 9 and lO (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 for monitoring all of the main engine maneuvers

are still undefined and must be de_eloped.

Howard W. Tindall, Jr.

PA:HWTindalI, Jr.:js
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TO : See list attached DATE: November 12, 1968

68-PA-T-248A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: D Maneuver Monitoring Mission Techniques

On November 4 we had our first-and-last D Maneuver Monitoring Mission

Techniques meeting. In addition to all interested MSC organizations, it

was attended by MIT_ ITRI TRW, and GAEC. We spent the day going through
all of the SPS maneuvers both docked and undocked, except for those

associated with the rendezvous and the docked DPS burn, and discussing

the pre-burn systems checks and the actual burn monitoring techniques.
I believe we established procedures which should do the job and I feel

they can be considered firm. The crew and the flight controllers intend
to use these techni_les 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. It is intended to use the onboard computed weight and SPS trim

gimbal angles stored from the previous burn in the DAP, unless they differ

from the MCC-H ground values by more than l0 percent and -5 degree res-

pectively. If any of the three parameters exceed the limit, all three
will be updated.

2. Except for retrofire, it is intended to use the onboard computed
REFSMMAT for all maneuvers as determined by using the "preferred" alignment

option. The MCC-H will compute and compare REFSMMAT with the onbosrd 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 excess 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) is 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 is no

go. If the crew is unable to see any stars, that check will be dropped
for that burn.

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



5. In place of the previously proposed P40 VG test, we are substitu-
ting a check on the _V R. This parameter must agree with the PAD value to
within i0 fps.

6. Another CMC pre-burn check is through use of the Ground Track

Determination program (P21). The crew will check latitude, longitude,
and altitude against the PAD w_lues to determine that they are within

limits in order to give a G&_ go. The limits are .02 degree and .2 n.m.
respectively.

7. An attitude excursion limit of I0 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 B_GS and visible cues)_

they will takeover using SCS MTVC to damp rates and will shutdown the engine.

An exception to this is that during the initial start transient, an attitude
excursion beyond lO degrees will be considered acceptable if, in the crew's
judgment, it is truly due to the start transient and GNCS control of the

spacecraft is still acceptable. (G&CD has the action item of approving this
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

indicate this procedure is acceptable.)

8. The EN_ _V counter will not be used as part of the crew monitoring

procedure to avoid overburn. That is, for purposes of simplicity it was

decided to backup the GNCS engine cutoff based on burn duration only. The
proee_ire 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 time for undocked SPS burns.
The nominal burn time is included on the maneuver PAD for each burn.

9. Although the E_B will not be used to monitor against an overburn,
it will always be set up to provide an automatic cutoff 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 possible.
In other words, tailoff and known accelerometer bias will be taken into

account when computing the AVC included on the maneuver PAD.

i0. Except for retrofire_ the crew will not trim any _V residusls
following any SPS maneuver.

ii. Since the first SPS burn is 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' mission. 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 SPS1. If the

limits are exceeded, the crew will perform an additional platform align-

ment (REFSMMAT Option) to the pre-launch orientation just prior to the

aligning to the burn REFSMMAT. If the gyro torquing angles indicate that

the drift rate has been less than .6 degree/hour since the fine alignment

while docked to the SIVB, the GNCS is declared go for the burn. Incidentally,

the GDC is also checked during the same period. Its no go limit is l0

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 computeand relay to both spacecraft that REFSMMAT which

is consistant with the LMx-axis aligned along the velocity to be gained

by the maneuver and the y-axis shall be horizontal. Both spacecraft will
utilize the same R_SMMAT.

3. The MCC-H will update the state vectors for both vehicles. The

same external AV targets will be uplinked to both vehicles. (There is some
question as to how the CSM will monitor the maneuver. One proposal is to

call up the SPS thz_st 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 is in the negative x

direction. MIT was asked to advise us on this matterlO

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 spacecraft will perform burn attitude checks, the command

module using a sextant star and the LMusing an AOT star while the I_4

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 align the thrust vector

through the c.g. taking into account engine mount compliance at 40 percent

thrust. Assistance by MCC_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 O.1

degree of the desired values.
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7. The AGS will be initialized and used in the follow-up mode exactly

as it is for the undocked DPS burns. Of course, there is no consideration

given to taking over with the AGS.

8. We established an attitude limit of lO degrees and an attitude rate

limit of five degrees per second. However, this _mneuver is likely to

include some pretty wild attitude excursions_ particularly as the thrust

level is varied_ which could easily exceed those limits. During these

transient periods, it must be left to the crew's judgment whether a diver-

gent situation is occurring or not. We did establish that a _5 degrees
attitude excursion is an absolute limit. This should be coincident with

the "VG increasing" alarm. If these occur, the DPS should be manually shut-
down. The trim gimbal light is essentially ignored throughout the burn

since it cannot really be trusted for anything.

9. Following manual shutdown, attitude control is turned over to,

the CSM. If a malfunction occurs requiring prenmt_re burn termination

with excessive attitude rates, they will be damped using the LMy and

z-axis RCS translation jets.

As noted previouslyj the above techniques do not necessarily apply to

the maneuvers during the rendezvous or rendezvous abort situations. These

techniques will be discussed at our_next rendezvous meeting on November 18,

at which time any special procedures for those maneuvers will be identified,

agreed to, and documented.

Enclosure
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FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: D Rendezvous Mission Techniques

This memo is to tell you about the results of the November 25 D

Rendezvous Mission Techniques 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 LMmust
make the TPI maneuver - abort from the football. Of the several

o
techniques proposed, the one most favored now to preclude DPS recontact

is to impart an out-of-plane AV to it as part of the TPI maneuver.

The crew is going to try out the following procedures in t_e simalator

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 TPIo_ the LM
shall not stage the DPS.

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 passes 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

1 Buy U.S. Savings Bonds R_ularly on the Payroll Savings Plan
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the results :

Time From Phasing PGNCS Operation

0 to 45 minutes Alarm code (no solution)

45 to 85 minutes Desired soiiution obtained (TPI --70 minutes)

815 to 87 minutes Wrong solution obtained (TPI = 87 minutes)

Greater than 87 minutes Fails to converge

The nominal TFI time we want to use is about 70 minutes after the

Phasing burn an_ if the crew uses that value as an input to P34, there

should be no trouble since itts well inside 1_he boundaries which yield
the desired solution.

4. Experience has shown that the crew simulators - LM_ and CMB - 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 list is included as an

attachment to this memo. Based on this, l'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

window. MPAD reports that the current three sigma estimate of TPI

time dispersion is + 4 minutes. What I mean by this is that by using

the LM radar navigation to perform the CSI ar_ CDH targeting, errors

can result causing the time at which the nominal TPI elevation angle
actually occurs to be as much 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 must be developed to handle the
case 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 darkness. 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.
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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

choosing 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 switching 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 must 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 procedure 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 maneuverPAD message -

namely, a maneuver based 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 AV 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 I/_[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 LMPGNCS is broken and the CSM GNCS is workingj 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.



e. If all of these fail, we have a situation in which TPI has

s]ipped too early, both spacecraft guidance systems have failed, as has

the LMbackup 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 DPS does not light or if the DPS lights but shuts

down prematurely_ do not stage, null horizontal Av's and if possible,

trim radial (x-body) _-_ to within 2 fps of mominal. This places the

LM in a football, its size dependent on the extent of the Av gained.
Then it is necessary to choose one of the following courses of action
in Real Time, dependent on what caused the premature shutdown.

(i) Execute TPI from the present trajectory this rev or
next. o

(2) Complete the phasing one rev later (CSM shall be mirror

i_ge targeted for this maneuver) using DPS under PGNCS control, RCS

(Staged), APS, or CSM (RCS or SPS) followed by TPI at the next opportunity
or insertion a quarter rev after that. o

This is an appalling number of choices which must be

substantially reduced before the flight based on systems considerations,
mission 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 no___teasyto recycle
i_to.

b. Insertion

(I) If DPS does not start, stay in :football by hulling
out ullage.

(2) If DPS does start, the primary goal is to complete

the burn using RCS with APS interconnect. If the AV 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 LMburn.
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8. MIT reported on an old action item that the CSMPIPA bias check

cannot be conveniently reduced below 256 seconds duration.

9. In case everyone has 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 is great_

iO. 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 in 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 DPB 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 Jar_ary i0, 1969.

PA:HWTindall, Jr.:js
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_OM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: D Rendezvous Mission Techniques

This memo is to let you know about some things on the D Rendezvous that

have been giving us a lot of trouble. The problem we have been having
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 subject. 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 extra hours of LM operation unless all systems
are operating. That is, 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 that

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 two

spacecraft. By the same token, small errors in the I_SFN 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 TPIo 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 is_ 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 F_FN state vectors too since we would have a sustained period of unper-

turbed radar tracking. Unfortunately, spending an extra revolution in the

football for this purpose aggravates another problem. Small dispersions
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

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



TPI. Going the extra revolution mkes us even raore susceptable to this.

It was due to this that we proposed a trajectory change. Specifically,
by reversing the direction 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 is recognized by everyone that we still do not have TPI o procedures
worked out yet and that by disapproving the traje----ctorychange we were

buying additional complexity in them. We are also r_king the probability

greater for _ving to do _I o at some angle s_ller than the no_nal
(27.5°).

We have initiated an analysis to determine if it is possible for the

ground to give use_L1 assistance for TPIo at the first opportunity.
_ere is a feeling on the part of some of us that the ground solution

for the first _! o could be substantially in error _king it useless
both for comparison with the o_oard system and for backup in the event

of an onboard failure. The point is we my have to establish a technique

whereby the rendezvous must be carried out independent of the ground in
the time critical case.

In summary:

I. 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 I0 percent, I would

_ess).

2. The football rendezvous is significantly more difficult to

perform than intuition 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 _ke 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 TPI mission techniques prior

to start of MCC-H/crew simulations, we will pro_ably get together over

the C_istmus Holidays -whatever that is.

PA:HWTindalI, Jr.:js
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68-PA- J.-.,.,_,

_ao._.< PA/Chief_ Apollo Data Priority;Coordination

s,t_;jEc;r: Fir,st "E" Mission Rendezvous Mission Techniques meeting - 1_rch h

i. On Mnrch 4 we had the first "E" Mission Rendezvous Mission Ueer.n-qae:

meeting. It was devoted almost exclusively to understanding "'_-.._'.-,.__':-
mi:_sion requirements and mission plans are for this phase of the fki;5--.t.

The discussion raised a few questions and some action items ".'ereaszi2r.ei

to get them answered.

2. It is evident that activities prior to the rendezvous such as ;h£ "_:.,,-

S-I-WB rnneuver simulating translunar injection (TLI) will substanDielf.':"

perturb conditions at the start of the rendezvous unless compensa_icn is

provided. This, of course_ means that the logic and capability to p'_an
_a_., "compensation" in real time must be designed and implemented.

_": Lineberry and his people were asked to look into this. (T_.ey're a_.._-'_-

a sJmi!sr job for Mission "D" already.)

3. The "E" mission is typical of any involving LM operations. -, s-_>.r-s

"az_n an undoeking and visual inspection. _ais is followed by a ___-__ ?.OZ

meneuver by one vehicle or the other to provide a contro___c ,_=.._-_,_.._=

asps ration trajectory to avoid costly station keeping. Tnls is fcklc.,ei

in tuz'n by a larger separation maneuver which kicks off whatever is _c be

done. In this case_ the larger separation maneuver, called a "_Ph_:ing
% 6 Irmaneaz_r _ p].aces the LM ahead and above the con_mand module prcz,erly

located to execute the CDH coelliptic maneuver about 2 hours an j _'__,., _": YfZ:=-2

leter. It is intended that these Phasing and CDH maneuvers will be

computed in real time in the RTCC utilizing the so-called ,_CC/;,zz._en_-ezvoas

r_aneuver logic developed for Gemimi. This targeting will force the C:H

r_mneuver to occur at spacecraft apogee over Hawaii, with the prope_r
differential altitude and phase angle.

4. 2"ae entire rendezvous will be carried out with a single iner;ia!

platform orientation (_MMAT) for each spacecraft. They will be

computed and relayed to the spacecraft from the ground. Of course, _re
then one platform alignment will be performed. The point is they "-'iLl

all be carried out to achieve the same inertial platform orients=ion.

Furth(:rraorc',it is anticipated that the REFSMMAT on Mission "_......_."_-

selected er;sent:ially the same as for the "D" and "G" missions. _--%.._tis:
l;?.,eywill %]e tied to TPI and will provide an FDAI 8-ball display of

")_ O, 0 when the spacecraft is aligned in-plane, horizontal, wires leveL:
heads up.

- /L,d
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_. l,twas a_Treed that an undocked platform aligr_,:_nt ..... _'_ Le

tho separation and Phasing _neuvers. in order to per_t thi= ;:e ez_:,li_-/:-_

s_=,pa_a_on will occur 5 minutes before the sSsrt of the -_e_> ..... _/:r_o_

prior to the Phasing maneuver. Since this will result in a!mo=t a ct==ie-_c

rovolution between the separation and Phasing r_neuvers a =__= red i._i

,separation burn such as planned for missions "D" and "G" m_y not -_c_k -.-

too well here_ and the Rendezvous Analysis Branch was given the ac-.ic= ice.-.
of telect[ng an optimum separation burn to be illustrated --_ 2-,--

_,'_th Lhe standard relative motion plot. Flight l_iannlng ",:as__-_.......,_ cc
work ou_; the Crew timeline in detail for the period between un_cckin:- --:

C'/=i_h:_r;ing_mxneuver. We want to make sure that the _rarious crew a':;i:l',_ez

ac,2cciated with LM checkout and trajectory control do not cor_ilc= no: -:e
,_.r,_. _....... y crowded. I'm sure someone will also be interested in deter=i.<in C
the consumables required during this period since apparently both eLec_rlc

power and RCS propellant are at a premium.

6. Finally, the crew procedures people were requested to e___e"_.... a-f..

report at the next meet:ng the preferred lighting conditions for _he u_l

rm_neuver when it is executed by a spacecraft approaching from ahead and

a'L,ove. This will be tb_ situation for the first TPI oplx_rtuni.ty on -_he

"E" mission. Although that maneuver would not actually be executed as ion C
as everything is still going along okay_ we should be prepared to dc i= if

we have to. And the preferred lighting conditions influence scheduling cf
the Phasing maneuver itself.

7. q_e current rendezvous plan provides two opportunities to perfc=_._.

CFSI nnn,:uver, both of which are nominally zero. However, it was q:e=-_icn._

as _o whether the fi.rst opportunity really exists since it occurs ¢;.lv 3g

minutes after the Phasing maneuver with insufficient ground _ "-_-u_ c.C: ..... _7.i

conm_anications to suppo,_t it. It may be desirable for the crew to 7e-_fc_
r<:_dezvous m_vigation and target this maneuver; the question is whe-_her

__._.....would ever really execute it. The point is, if it turns ou- _c le

sr_cl! there r_eems to be no disadvantage in delaying until the nexc CS-

opportun[ty one revolution later, and if the onboard syszer_ indicate :n_-

a la<"__ CSI maneuver is needed there is reason to suspect some sycze.-..:
s._ifunct]on. This is based on the assumption there had been no ..........

_, non-moral.hal performance during the Phasing burn_ which ir.p!ies __< _.=_
;;,houldbe near zero. It seems we ought to obtain some ,_.Z._iccr_ir=__=i=n
" °v'c _ Ino _ ore.making a big burs, that might screw up the situation, conjunomicn
w:th all this, the Rendc'zvous Analysis Branch was given the action _-e- cf
d< _ez'minJng parametrica[Lly theeffects of residuals in the Phasin,_ mane=ver

iu terms of CSI _neuve" magnitude and other trajectory dispersions s:_n

as _I time slippage.

_]. It has been stated that a primary mission objective on this f!izL: is

to perform a comprehensive AGS systems test. This, of course, ==st in-.-_l-.-e
r :ndczvous navigation and targeting as well as maneuver guidance an! ccnnr=l.



'2his e:m be done in a number of ways. For example, the A_-C could be alL-.e_

to operate continuously without PNGCS update throughout the en=ire rern ez;';.=
exerc:[r_e. Or the test could be broken down into a nu-_fcerof indi:'id.el "/;;'.

with re-initialization ]provided periodically. It is also necesza._" -c __',_clfy

when and under what conditions radar data should be i_ut ine_ tag ASS. C_-S

Divis::_onwas requested to amplify their mission require=cent by prc--idi_-._a

more dew,ailed description of exactly what they would like aeco_iisned a:_=

if po:':.ible how they would like to do it.

3'. Thnt i._ about all we covered dur.ng this short meetin C. Cne nlze =:.i._.=

oppar,_n_ was the substantial carryover from the "C" and "D" mizzlcn _.:c.-.ni-._

mceti.ui::_whi.ch should permit us to complete work on "E" in a con._idc-r-kly

snor_,:r period than would otherwise be the case. it was agreed _ha= ._._cnd-y

afternoon is a good meeting time and so, if possible, we intend _o ge c

togct_er every other week at that time. The next meeting is scheduled

at l:0O p.m._ March 18, in Building 4, Room 396. That's 1300 for you,
Frank.

Howard W. Tindall, Jr.

Snelosure
List of Attendees

Adcressees:

(See at oached list)
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Memorandum
TO : See list attached DATE: April ll_ 1969

69-PA-T-59A

FROM : PA/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 simulations. 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 IN attitude and attitude rate limits for the DPS burns

are 5° and 5°/sec unstaged and for the APS are 10° and lO°/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 since they do not

bother anything and trimming wastes RCS propellant and can result in

excessive plume impingement.

b. Underburns - Underburns less than 5 fps will be t_immed

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 fps 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 less than 12 fps will be trimmed

with minus x RCS. Again, this limit is based on a RCS plume impingement
constraint. It should never occur since this is about a 4 second over-

burn which could have been manually stopped before reaching this value.

__ Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Overburns greater than 12 fps result in lunar impact and therefore call
for a direct return of the LM to the command module by the immediate,

brute force technique discussed in previous memos.

d. I guess 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 at least 40 fps should be achieved

by the LM 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 less 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 mlnus x RCS. This limit is based on the 30
second minus x RCS p]nme 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 lO0 _s band of cutoff velocities in between these two

limits, the LM should do nothing immediately and the command module will
have to rescue.

b. Overburns must be removed somehow to avoid lunar impact.

6. It has been said repeatedly before, and I say again here today,
that there is no such thing as a 200 n.mi. range limit on the VI{F ranging

by the CSM. That is merely a fictitious design value which has no bearing
on how the operation should be conducted. V}{F ranging should be used

to its full 327 n.mi. recycle limit provided the data is good. The AR

AV 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 values may be changed this

week following a rendezvous navigation meeting of the experts.)
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It was agreed that the CMI° could do P£O 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 LMPGNCS is assumed to be working okay.

9. It was agreed that all CSM mirror image targeting (that is,

for CSI, CDH, and TPI) shall use the same TIG as the LM. That is,
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 _ke 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 all biases that need to be applied to the CSM solu-

tions for use in the LMwith one exception. It is necessary to subtract

i i_os from the CSM CSI (P32) solution when the LMuses it for comparison
with their own solutions or for execution°

lO. Comparison ].imits were established for evaluating the acceptability
of the various rendezvous maneuver solutions. In each ease, 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 aZLso 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
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have adopted the following weird technique which should be used for

CSI unless the CSM is 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 is considered a serious dispersion, as noted in paragraph
7 above. The rule is 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.

ll. There were at least two situations in which it seems desirable

for the CSM and I_ 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 LMis not able to visually acquire the CSM during braking,

lateral line-of-sight control by the LMis not practical and the CSM

shall do it. The LM will continue to be responsible for performing

the actual braking _neuver provided the rendezvous radar is working.

And that's how we spent Saturday.

PA:HWTindalI_ Jr.:js
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Memorandum
TO : See list below DATE: April 30, 1969

FROM : FM/ Apollo i0 , _ission Design Manager

SUBJECT: Trajectory Change Evaluation Report

Title

Lunar orbit orientation change

TCR Number
F-12

MCRG Meeting Date CCB Meeting Date _ Requested Completion/
DaZe

N/A N/A May 5, 1969

The attached proposal change is forwarded for your evaluation and

recommendations concerning its impact on the mission plan. Please

submit your comments on MSC Form II19C, "Trajectory Change Evalua-

tion." A report of ACCEPTABLE is expected if you are in no way

affected. Send reply to F_53/Mission Planning Support Office,

Attention: William J. Bennett , no later than

the above-listed completion date, An ACCEPTABLE reply will be

implied if your report is not received by this date.

Enclosure

Addressees:

CB/J. Lovell FC/E. F. Kranz
M. Collins FA/R. T. Rose

CF/W. Anderson EG2/C. F. Wasson

CF/J. Cotter CF/Lt. Col. T. P. Stafford

FA5/P. Deans Cmdr. E. A. Cernan

EG/D. Cheatham Cmdr. J. W. Young
PD/J. Sevier Col. L. G. Cooper

R. Ward Maj. D. F. Eisele

FC/G. Lunney Cmdr. E. D. Mitchell
C. Charlesworth Maj. C. M. Duke

FS2/J. Watkins

FM/J. P. Mayer co:

H. W. Tindall_ Jr. FM/Braneh Chiefs

D. H. Owen FM2/J. C. Harpold
C. Grover

J. K. Burton

FMS/R. L. Berry
H. D. Beck

MSC FL II19B-9-68 FM6/K. A. Young

Buy U.S. S_vt_gs Bonds Regu_rly on the Payroll Sav;ngs Plan



,_ TRAJECTORY CHANGEREQUEST ,_;r,.,,.,,,_:,.

J

necessary to derive empirical corrections to the _FN/RTCC or it determination solutions
to enable accurate vector propogation and targeting of the "O" mission DOE and landing
maneuvers. Since the effect of orbit orientation on the empirical correction_ is

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 "F"

flies the exact "G" lunar orbit, the empirical corrections for "G" can be derived wi_h

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.

_:_T,c,_ :_ :H_._ The lunar orbit orientation change will be accomplished via a com-
bination of a translunar midcourse and LOI, maneuver. The midcourse _ould 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 tlne desired new orbit Orientation. LOI 1 would be targeted
in the usual manne_ using a MED to obtain the desired new lunar landing site approach
azimuth.

[] DISAPPROVED IDA_E
AOPRDV O

[] TYPE I (CCB REFERRAL) [] IYPE II

5CHEDL'L.£ IKIPACT AFFECTED BASELINE DOCU_,'Er_TS

NONE Operational Trajectory

REMARKS:

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 AV and propellant reserves shown are over and above

that required for a quick return TEI and 3o 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" LM 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 AV and propellant reserves for the "new" profile are due primarily

to the translunar midcourse and the increased magnitude of LOI 1. Note, however, that
the new SPS performance requirements still allow a quick return TEI and, thus,

approximately an eight-day mission.

IJM SIG MSE SIGN • .

_JZ/k._.) _/-_Robert J1.Ward



F MISSION LUNAR ORBIT ORIENTATION CHANGE FOR MAY LAUNCH WINDOW

Site 2 Site 3

Old New Old New

, , , , , .........

Launch date May _u_o __J_r_Ig Ms.y 20 May 20

Lunar landing site
•pproach azimuth (deg) -95.25 -91.0 -95.75 -89.0

Lunar orbit inclination

(deg) 5.3 1.2 5.8 i.i

rranslunar midcourse _V (fps)

(72°/90°/i08 ° launch

Lzimuth- 1 st injection 56/65/54 - 21/22/20
_pportunity)

LOI (1 + 2)_V (fps) 2982/2996/2982 3i04/3156/3100 2990/3002/2990 3198/3240/3191

3PS _V reserve (fps) 1306/1108/984 966/677/655 1786/1686/1632 1349/1188/1210

3PS propellant reserve

(lbs) 3011/2518/2214 2171/1479/1427 4279/4015/3874 3141/2736/2791



F MISSION LUNAR ORBIT ORIENTATION CHANGE FOR JUNE LAUNCH WINDOW

Site 2 Site 3

Old New Old New

5aunch date June 17 June 17 June 19 June 19

Lunar landing site

approach azimuth

(deg) -95.25 ° -91.0 -95.75 -89.0

Lunar orbit inclination

(deg) 5.3 1.2 5.8 i.i

Translunar midcourse_V(f_ s]

i (720/90°/108 launch -
azimuth ._ist injection

opportunity ) . - 6/TBD/5 16/12/TBD

LOI (i + 2) _V (fps 2986/2989/2988 3079/TBD/3073 3011/3OO6/TBD 3!I3/3138/TBD

S}_V reserve (fps) 1812/1721/1650 1610/Tm/1467 1922/1874/TBD 1575/1484/TBD

SPS propellant reserve

(ibs) I+344/4108/3922 3816/TBD/3444 4645/4515/TBD 3725/3490/TBD



m,,

ITRAJECTORY CHANGE EVALUATION
m,, ,,

TYPE APPROVAL

REMARKSI

SCHEDULE IMPACT_

E'_L _DR (MDRG qEPRESENTATI\E) I DATE

1

|
ATURE OF MDM

I DATE

' MSC Form 1119C ($ep 68)
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Memorandum
APR17 1969

TO : Informal Distribution DATE"
69-FM46-I07

FROM :Chairman, F Rendezvous Navigation Mission Techniques Panel

SUBJECT: F Rendezvous Navigation Mission Techniques Panel Meeting, April i0, 1969

I. Reference: "Onboard Tracking Schedules for Missions F and G," 69-FM46-29,
FM4/Jaek 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_ected maneuver accuracy. Navigation and dispersion

analyses have determined the CMC navigation techniques (reference) to be

r unacceptable for CS! 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 consideration. 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 CSI, the following four cases of CSM navigation between Insertion

and CSI are to be analyzed. These cases are arranged in descending order
- of preference.

The information in this paper is unedited and is

not official FOD or MPAD information. _
r_ to provide rap_ circulation and my
later be iaeorporated m d formal paper.
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i. SXT + VHF

2. SXT + VHF with tracking terminating at CSI-9 minutes (VHF only
from CSI-12 minutes to CSl-9 minutes)

_. SXT + VHI_ for 8 minutes, reinitialize the W-matrix, initialize
VHF only tracking to CSI-9 minutes

4. VHF only to CSI-9 minutes

MIT and the Mathematical Physics Branch (MPAD) are to generate the covarinace
matrices of expected errors in the I_ and CSM state vectors for these navi-

gation cases. The Orbital Mission Analysis Branch (MPAD) is to determine

the CS! maneuver AV statistics with Monte Carlo dispersion analysis pro-
grams. If the increased tracking between Insertion and C$I in cases i or 2

provide acceptable CSIAV statistics, then the onboard procedures will con-

form to these results. That is, onboard tracking for the purpose of

targeting the CSI maneuver will terminate at CSi-12 if case i is accept-

able. If case i is not acceptable, VHF only between CSI-12 and CSI-9 will

be included. Assuming as previous analyses have indicated, the case 4

results are acceptable and cases i and 2 are not, then the results of

case 3 will be compared to case 4. If case 3 results are also acceptable_

the recommendation will be made that the command module pilot adopt the
case 3 navigation. Re tracking schedule and cre_rprocedures would be

changed accordingly. If case 3 results are not acceptable_ then case 4
navigation techniques are to be recommended. The case 3 navigation

technique has the advantage of providing the necessary out-of-plane

information prior to CSI required for the l_Mto make an out-of-plane

velocity correction at CSI. The eight minutes of SXT tracking are ex-

pected to determine the out-of-plane velocity to better than i fps. If

the SX_I'tracking is not performed prior to the CSI maneuver_ then the
nominal procedure of performing the out-of-plane corrections 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; therefore, no maneuver
penalty would be incurred. The analysis of these four cases are to be

completed and a recommended course of action will be made Wednesday_

April 16, 1969, in order that the navigation technique can be exercised in

the full network simulation scheduled on Thursday_ April 17_ 1969. It

should be pointed out that the recommendation of cases 3 or _ navigation

prior ±o CSI is tantamount to the requirement that VHF range data be available.

_. The differential corrections limits (HMAX and VMAX) in the LM and CSM
were set to 2000 ft. and 2 fps. In determining the RMAX and VMAX limits

and the techniques associated with accepting and rejecting navigation

data_ we found that the heart of the problem is bound up in how to deter-
mine and declare the navigation system failed. As you can tell from

reading, not too much thought has been devoted here. The following
procedure was outlined for determining if the correction to the state

which _iolates the RMAX or VMAX limit should be accepted are rejected.
Between DOI and CSI_ the first mark after a maneuver or after a long time

period of no navigation, the RMAX and VMAX are expected to be exceeded



and the mark is to he accepted if RMAX is less than 12000 ft. and VNAX

is less than 12 fps. The mext mark should be a large correction but not

so large as the first. This downward trend in the magnitudes of the

correction should coatinue as the relative state is continually improved.

i_ the corrections do not decrease, then the crew should investigate the

tracking data source to verify that the system is operating correctly.

For instance, the astronaut knows if he made a good SXTmark; the V_F
range readout data can be checked verbally with the RR range meter; the

RR antenna can be checked for side lobe lock on; and the range rate

compared to the ds_g display (V83E) in CSM or LM. If it has been deter-

mimed that the tracking data source is operating correctly and yet

corrections 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 consider

exploring this question in quest of solving it. If it is considered to

be worthwhile, then a meeting can be called for the purpose of attempting
to solve this riddle, if the _rrection to the state which triggers the

RMAX_ VMAX alarm is more than 12000 ft. or 12 fps, then the mark is re-
jected and the astronaut takes action to determine that his data source

is valid. If he determimes the data source is valid_ them he accepts
the next mark and the same process previously discussed is followed. If

he determines that the data source is invalid, he takes action to correct

the situation, if possible. If he cannot correct the problem, the cor-

rections that are being made to the state vector are too great to allow

them to continue and the tracking source should be considered failed.

The RMAX and VMAX are set to 2000 and 2 because 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 six

large corrections can be expected, if we get a correction greater than

this amount in the middle of the tracking interval, then the mark is

had and should be rejected. After CSI_ this differential correction

acceptability limit is dropped from 12000 ft. and 12 fps to 5000 ft. and

5 fps, because the expected relative errors between the onboard state

vectors are larger before CSI than following CS_

Attachments

Distribution: (See attached list)



P-20 Erasable Memory Parameter List

LC_3 Re co_ended Value

RANGEVA R 0. llllllllllE- 4

RATEVAR i.877777E-5

RMAX 2000 ft.

V_i&X 2 ft/sec

RVARMIN 66. (meters)2

VVARMIN •I'T445E-5(meters/cent i-sec)2

SHAFTVAR .000001 (tad)2

TRUNVAR .000001 (rad) 2

WRENDPO S 10000. ft.

WRENDVEL i0 ft/sec

WSHAFT .019 tad.

WTRUN .015 rad.

CMC

WRENDPC)S 10000. ft.

WRENDV_]L i0 fps

RMAX 2000 ft.

VMAX 2 _Yt/sec

RVAR 0.

2
RVARMIN 900 ft.

INTVAR 196. (meters)2
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Tracking Schedule for F Mission Rendezvous

LMRendezvous Radar

TIME EVENT

(Min.)

-189 DOI

-i17 Phasing

-ill Initiate traeking_ update CSM in this interval

-106 Cease tracking

87 Initiate tracking, update CSM in this interval,V93 after fourth

msrk, W= i0000 ft.- i0 fps- 15 MEAD

- 72 Cease tracking

39 Initiate tracking, update CSM in this interval

- 22 Cease tracking*

0 Insertion

V93 before first mark, W= i0000 ft.- i0 _s- 15 MRAD
18 Initiate tracking

39 Cease tracking

91 CSl

96 Initiate tracking

V93 after fourth mark, W= 2000 ft.- 2 fps- 5 MIKhD

74 Cease tracking

80 Plane change

82 Initiate tracking

V93 after fourth mark, W= 2000 ft.- 2 fps- 5 MBAD

97 Cease tracking

109 CDH

iii Initiate tracking

V93 after fourth mark, W= 2000 ft.- 2 fps- 5 MRAD

134 Cease tracking

* Before Insertion there is a P27 update of the MSFN CSM State to
the LGC



f- Tracking Schedule for F Mission Rendezvous, cont'd.

LMRendezvous Radar

T]}gE EVENT

(Min.)

146 TPI

V93 before first mark, W= 2000 ft.- 2 fps- 5 MPAD
149 Initiate tracking

158 Cease tracking

161 M01

V93 before first mark, W= 2000 ft.- 2 fps- 5 MRAD
163 Initiate tracking

173 Cease tracking

176 MC2

i"



Tracking Schedule for F Mission Rendezvous

CM Sextant and VHF Ranging

TIME EVENT

(Hin.)

-189 DOI
-196 Initiate tracking*

-126 Cease tracking

-117 Phasing

-112 Initiate tracking, V93 after third mark, W= i0000 ft., i0 fps,
SXT TRKterminated between -102 and -89 during LM IMU alignment

- 79 Cease tracking

- 54 Initiate tracking, V93 after third SXT mark,

W= i0000 ft. 3 i0 fps

- 34 Cease tracking

0 Insertion**

V93 before first mark, W= I0000 ft., i0 fps
19 Initiate tracking -m_*

39 Cease tracking

51 CSI

58 Initiate tracking

V93 after third mark, W= 2000 ft., 2 fps
79 Cease tracking

* If valid VHI_ 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.



F Tracking Schedule for F Mission Rendezvous, cont 'd.

CM Sextant and VHF Ranging

TIME EVENT

(ran.)

80 Plane change

85 Initiate tracking

V93 after third mark, W= 2000 ft., 2 fps

97 Cease tracking

109 CDH

115 Initiate tracking

V93 after third mark, W= 2000 ft., 2 fps

133 Cease tracking

146 TPI

V93 before first mark_ W= 2000 ft._ 2 fps

151 Initiate tracking

158 Cease tracking

161 MCI

V93 before first mark_ W= 2000 ft., 2 fps
164 Initiate tracking

173 Cease tracking

176 MC2
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TO : See 7List attached DATE: iV_rch 20, IQ69

69-PA -T-4 7A

FRON : PA/Chief, Apollo Data Priority Coordination

SUBJECT: _ r£ssion lunar orbit attitude sequence

This belated raemo is to describe the resui%s of our !_arch lO Y_esicn

Techniques meeting on the F mission lunar orbit attitude sequences -
as well as i can remem0er them.

I realize the following s%ateraent must sound inconsistent, but aithoug2_
there were a large nuTf0er of changes to the attitude sequence as docu-

mented in Rocky Duncan's internal _ote, 69-_-51, dated February 21, i969_

my impression is that L_ is basically nearly right. Of course, it will

have to be updated to reflect the n_ny picky changes we arrived at, but
in the meantime it's s-sill a good reference. It certainly sei_ved one

usefal purpose. That :_s_at this raeeting it brought out a number of
misunderstandings and _r disagreements which we were able to resolve.

_e F _sslon attitude sequence must obviousTLy be constrained to avoid

excessive RCS propellant usage. As a result, whenever possible an
inertial attitude was selected which would provide all of the various

desired characteristics. For example, on the first couple of revs in

lunar orbit_ it was p_nned to keep the spacecraft essentially in the

LOI burn attitude, just rolling it to provide hi-gain S-band coverage
with the earth. This unfortunately doesn't provide much opportunity

for the crew to view the lunar surface. That can't be called _ndatory

for the mission_ of course, but in practice is just plain u_reasonab!e.
Who could suggest that the crew not look at the sunlit moon once they

have gotten there, even if it costs some RCS. Accordingly, we asked
Duncan to work out a new attitude/attitude :rate which would not only

give the hi-gain antenna coverage but also a visual view of the lunar

surface on the daylight, side. It must also support a P52 alig_aen_ in

the darkness. This inertial attitude sequence will be defined pre-fligh_

and will only be updated in real time (during c=s-lunar coast) if the
launch date slips.

As you know, the landraark tracking with the I_ attached will be done

in the pitch mode. An attitude/attitude rate sequence proposed by
Duncan was accepted. It provides three minutes of useful observations

above P5 degrees elevation angle. It involves holding a pre-determined

inertial attitude until the spacecraft is a_ a 35 degree elevation angle

as viewed from the land_rko At this time_ a pitch rate of at least 0.3
degree is initiated. I would like to emphasize tha_ "a_ least." The
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