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         UNITED STATES GOVERNMENT 

Memorandum. ... 
See Met below ~<' 
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‘ susyecr: Seventh "c" Mission Rendezvous Mission Techniques meeting “3 

  

   

        

    

        

   

    

      
   

    
    
   

  

   
   

  

      
   
   

  

   
    

   

  

     

  

1. Except for the first item linted below, the entive "0" Minsion Remlesvois |= 

Mlesion Techniques meeting of March 8 was devoted to the terminal vhare, - 

Based on the very prent importance FOOD is putting on proper light: re dur trys 

the braking phase, & propocal is teing econaidered for including anutter itvth © 

tune up maneuver between NSR and TPI. I mention this here te mike sure you _ 

don't overlook it aince it te a rather significant item." - - 

2. Gonnideradle attenyjion is being given by those responsible to lengthening 

the "C't mionion launch window, Apparently, the congtraints for the beginning 

and end of thin window are almost solely associated vith Lighting, and. MPAD 

is in the procens of compiling, ali uf these constraints on a single plot. 

It will probably be used as a basin of deteraining nominal lift off time and . 

Launch winlow duration as a function of lnunch dates One constraint, whieh 

should be included, 1s of particular interest to our "o" Mission kendezvous 

Miogion Techniques Panel. Namely, 4 period of darkness iy mindatory between 

the NCC2 and the NGH mineuver in order to provide an opportunity to Fire 

align the epicecraft platform in pregnration for the sextant rend: zvous Sy 

_navigntion and actual execution of the terminal phase. Specifigatly, darkness ~~ 

mist be available dur'ng the perfod from NCC2 plies 5 minutes unttl NCC2 plua.. 

SO nimutes. Of course, if in renal time conditions prevent mking this plattorts 

alfgnment the rendezvous would not necessarily be:abandoneds The point is this 

constraint should be considered mindatory for Jaunch but not mniatory for 

reniezvous. This constraint has been relayed to the MPAD minsion engineer.’ 

3. Wow, on to the terminal phase. Our first Aiscussion dealt vith the use... 

of the TPL crew chatts, It ie YOSD's desire’ to ptupare. and utilize TPT charto 

on th: "C" mission rendezvous in very mich the sameway a8 they were ured on 

Gemini, That 18, they will develop procedures for the crew to obtain an - a 

ontrard solution for TPT dased on both the charts and closed loop PmuCS rosin 

Tt le this Integrated nolution which would be comparal tothe NOPN for oa oie 

determining whether the onboard or ground solution #hoald be utilized for PP1.. 

Tre exact procedure for all of thin will be the subject of furvher meetings 

An (mportant point to be mide, however, is that onboard TPL charts do play e 

part in the "Cc" minsion. Thies was queationed since. apparently on tha "D® ©: © 

rendeavenn, there {9 some indication no TPT chart Will ba ised to the command. 

module cince the oné-mn crew is too busy with Bundisn to work thet. 0 |: 
, ad z 

Bidpee .   
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ha As you knew, Tt ie Intended tint the TPL sblution alwys te cinine 

-parttionlar elevation sale of the target vehlele with prapect to the Jorsd 

“heritonUrh. Tet ynine to be ied pow amt forever pore on the “O" mlaricn © 5 

‘shall be 77.46", ‘The onboard charts have been Gavelop:d in necaniance with ~ 

this and it is FORN's desire that 4)1 future referencé*trafectorion, Whoafuit - 

planning, cte,, use Cais cam value, All other orgahizations have agreed to 

go along with thir, however, Mi Lincterry's people (OMAB) are cmphistyin: — — 

the fact that uaine tala value: ef elermtion angle will nominally reentl tna 

situation where the IPL thou vector vill mot be along the ine of sive bo 

the tarpet. Th it expected to deviate by about é from that albcnent sind ae 

everyom: should clearly unierstant that at thie times: Ratrornoce, acer 0 ; 

consideration had been sven to netually sodifying the yilue of :levatlon 

angle to be used in ven) time as poled in inet week's mimtes. ff fuel been “ 

reported that. an odjurtment in the ezevation ahele.in the orderof }°, tr 

be determined at the beginning of tm: renlevvets exercise, wool: fnaeye tank 

the thruat vector for TPL would tie oern along the Line of sight.’ Howeves, 

FOSD mintains chis vould foul up th corte and that they vers mer: anztoud i o 

to avetd that Unan vo maintain that porticuler: thrist ali giuent during Ga 7, 

mission. Accordingly, po further con: {deration iL) be given fo chingine te cree 

@levat lon angle from 27.85°, etthor in advance. cf the mission cr durian Vb. 

with the cingle, possible exception diccussed next. Ca 

      

   

  

    

    

   
   

5. In response to inst week's action iten, FCED reported that Lighhity ee 

conditions during baking have a hivner priority than sticking ta the .% bey 

{PL eleyniion angle. The important point te be mde heng ip.t. ab trijesicay’ 

AMoaperrtous eotrid enuse the TPE tier, paced on the TAS? elomtion an is, bea 

slip te cach an eetont that Lighting at braning would be unantictacicry. ‘ 

Tere are opmirently tee alternut ivec which can be considered to avoid Uo: 

from oveurring. One -is a real time ad juctarnt in the TPL elevw.tion segiher ae 

Th fecom c apparent that the TPL mancovcer has pLipped beyond ascepinbye Jambo” * 

antothe other (on new proposal by Hd Dineberry that a emali mijuster it Loe ES 

 minenyes be maida between NGR and TPI to return conditions to nominel at both 42° 

TET and Peeking... one rest of thie memorandus te devoted to these two f 

MIteriab svete. 
7 

: Mi ae 

(a) Altermie One. Imnedintrly after the NBR roneuver the ores lo 

avout 1n aextsnt observations of the B-IVB to update ite stits: we ctor,” asd 

then callin up the TRL targeting progrum (P-34) to obtain th: TRE time. TE 

ta antictpatal “iat ‘sts onhoant colution for TPT time basel on whence hi Cy 

will avrtve ab the mevition etving the dertred elevation armie sheild i. 

psite aceurite. tet is, all previous cempitations were bined On yuroaud 

deterntped atite vectots which have a relatively large error Jn te bern, Lia tion 

of TRE tres, The onboard d&termination using sextant observations showid be: 

an focour mtensted= wore méentate. Avconlingly, at this tims in the: a 

ppt ier ee doubt pave oa, Phest aemte Infleation of SPT tine. Th: vrei 

ca compe: (2 TPT Up wlth the prcund melaged aim batent derkters 

Cpe te tae BO ot beat oP ipa) eae. t bwalhy. punk that Pisa vada 

ve teem op cut oe stern ptable, Tn the avent the rip io 
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. » 2 wd i 

excessive the crew would terminate and recall pedh utiTeatng the “time | 
. . option to determing the elevation angle consiutent with an acecptable 

eo, .. TRI tlae, Since it le necessary to utilize the “elevation angle option" 
+ dn Pell to permit a comparison of the onboard and ground solutions, the © 

Crew would have to terminate ant recall P.3h using the elevation angle 
just determined aa an input. They vould also have to relay that value of 
elevation angle to the ground for their computations, Obviounly, the - 
thrugf$ing would not be along the line of sight nor would TPI occur at 
PTS", but proper Lighting eunditiona at braking would be agnured, 

* 

  

i 
| 

          

(>) Altermte Two otarte out the same my o# One. That Ln, the ” 
erew updatas the §-IVB state vector using the rendeevous navigation a. 
evatem and delcemines the TPL time and itm slippage. . Then, using thie - 

“= walue of slippage they should be able to mke a simple computation to 
adctermine a maneuver to adjust the TPE back to”hominal time while - . 

~ retaining Lhe nominal elevation angle. This maneuver would be hordsoutat ' 
and inplane to be rad: JO minutes after NER, probably useing the Avernre Go 
program (Poh), Tee. Orbital Mission Analysin Branch (formerly Rendervons -... . 
Awilynie Branch) wos given the acticn item of determining the compututional =~ 
technique or chort giving mineuver magnitude vs, desired change in TPI time. | 
Bince LL in-expected to he in the order of 1/3 fps for each mimute TPI time 
change denlred, and cince we are talking about TPI time adjustments loss 

@ ~~ than 15 minutes, the maneuver should be tess than 5 fps. RCSD wen asked 
to work out a detalled timeline which includes this maneuver to nee if it 
presents any problema. One thing we are particularly interested in (a 
whether it nhould bd» done as a standard procedure regardless of whether 
TPI time ullppage was acceptable or not, or if it should only be done if 
some limit has been exceeded, Ansuming the procedure is not too complex, 
my perronal preference would be to mke it a standard procedure. Pail 
Bhaffer expacts to spend some time next week with the "C" crew at the 
Fivrida AMB and will discuss this with them at that time. 

  

  

~' 6. Consideration hae been given to having tue chew call up the TPL 
targeting program (P-34) immediately after NBR in order to determine ITT 
time In order to uct the spacecraft clocks, Currently the concensus is 
that thie 16 not @ vceful operation and it should be dropped from the 
timeline. ah, 

: Ye Ar you van ove, we are renlly gutting into the fine detaii on the “o" 
af indesvous and I predict that if we spond the next tvo or three sessions 

going through the mission techniques flow charte, we will be ready to call 
in the rest of the world and we could then ice this whole thing down within 
the next couple of months. Right now I expect the next meeting will be- 
Jevoted to the review of the flow charts, |... 3 

, y oN — 
. - Che 

ward W. Tindall, Jr. . 

@- 
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pata Priority Coord! sation      
~ supyeet: eixti Mideourse Phare Hisston Teohniquer weeting 

i. The Midcsource Phage Inte Priority meeting of vareh 6 wns devoted to 

she earth orbital pnase eyniuatior of quidance uyftems to make the trang 

juner injection (att) G0/No Ge deciaton, It was reportad ut the outset: 

that a new set of ground rules mve been eotabLioned with segard to this 

re : wy * 

aubject. | They are! 
   

a) A TLL maneuver wil not pe attempted if there is any intication oe 

ta pot working Properlys . 
a 

( 
that the S-IVB IU guidance syoten 

(vb) A properly op
ermtin, 

is, it is acceptable to make & sur maneuver with & failed 
‘eo emlueble than remlne. 

the subsequent aiternite mission is considered more, v8 

ing in earth orbit. 
a 

aft 
“ 

Rationale for theac grouni rules is given in indus Nos 68~PA=T-56A 

(CH. We Tindall), dated warch ‘7, 1968. The wanner in which we RAY detect 

gaIVB IU failure 1s also presented in thet memo and is partially repro
duced 

in this one to make the rest of it more understandnble» 
: 

g-IvB tu failure indication. fhe first is by 

tem which .ndicates 
fatlures via 7 

ith the CSM PNOCS and MBEN tracks — 

  

2, There are two sources of 

the S-IVB's own failure detection sy® 

telemetry. The second is by comparison ¥ 
are: extremely Broas. Thet 

ing. These comparisons, it moot de emphasized, 

4 to be at least an order of magnitude more 

{g, the S-IVB TU is Aes igne 

. 

these monitoring systemsess 
|.” 

precise than the CEM PHOCS and she EFI. ‘Thus, 

MBFNe«-do not provide date to prove that the TU is 

telemetry, CSM, and 
wmally but rather are only able to show us when 4t bas 

degraded very phadly---for 
example, 30 to 100 sigmas Wheres, were's 

definition of & definitely and absolutely broken tu in anything peyond 

4 elem. refore, the actual Limits we would select for to 0° 

pased.on the geTvs IU performance evaluation can only be the amillest, .- a 

‘1¢ use the amalicet “ 

dependably, detectable failure. Tha , 
: 

failure which we can confidently attribute to the HaIVB rather than the. 

tem itself. Deviations in excess of that amount are ° 

in a No Go for Tt. *% 

BTS ge 

  

comparison Sy8 

certainly true g@IVB TU feilures and would result 

     

     Meth 

Bay US, Savings Ronds Regnlarly on the Payroll Savings Plan 

      



ae At thin meeking, we added nether ground male “repre ings rv idee ' 

checks prior to TL, The quertion was whether or not the soxlant. ape: 

2. telescope art mnintory for ‘Ih Go/Ne Gog <lf they were (1. would be nevoarary: 
for the crew to check them oul, However, analynia performed by MPAD lets nlaaay, 

that LM PNOCS alignment with the AOT and undoecked COAD alignment of the Peach 

and SCS enn be accompliched with ruffictent acturacy'to ansure safe return tas 

eurth after ILI. Accormingly, ar of thin tie we are precest'ne tinder the gp 

- assumption that checkout of the sextant and taleneope need ‘not be perfor. / 

prior to MT. If you do not ame with this docinion, you chodid tay ua. 

trmodiateaye i ee . 

L, Ypaeseptine shere ero amd 4 veltheriu:plataort ali pneen’ bor cortaub - 

ence nec ba dueatalat iy tee tf mcltie es Therefore, fe shop td be pow ttte + 

to aetabhich ao monitoring, techn gas ebleh would peomit. performing GL on * 

the first oppertunity even for an Atlanvle ‘injeetion (fee., nouk 100 mim 

‘after Lift off). Me techn que wull pe te compare the CEM PNOCG ant tne 
S.TVB TU during the duneh phase ae perhaps {n-earth parking orbit. If 

thts comprriuon ia Cavomble, ¢t ann de aedumed that both the 8-IVH Ty and.” 

the CSM PNOCS arc performing wel) and we would execute TLI. If the compar) ron 

vere not witaln thoce Limite, one of the systems must have falled by our. % >. 

definition, tit we my have fncurficient knowledge to determine which one 

without, performing a CSM PNOCS plutform alignment in earth orbit. Thin would “3 

probably require coing another revolution and, thus, TOT could sot occur unt. 1” 

the second opportunity. If the fallure turns out-to be in the IU, we would. oG» 

not perforn TLI. _ . ne ¥ 

5, The Guidance and Ferformince Brinch outiined thefts proponal for precesu lng 
and displaying launch phase telemetay in the control center to evalunte 8-IVB: 
ard apaceemft guidance syrtemm porformence wa the primo TLI 0o/MNo Go data’. 
source. They recommend plotting differences in the three components of 

velocity an determined frem the PNGCS and S-IVB IU state vectors. These a 

would be plotted in renal tine on strip chart recorders in the Mission Control 

Center, It is felt they would be extremely effective in not only detecting | 

system falluren but also for Isolating exactly what type of failure has 

occurred, Limite would be establicned on these differences bared on accuracy ~). 
of the CSM PNGCS in accordance with the philosophy noted in peragraph 2... 
There lo one Dig source of "error" in theaa plots resulting from our inability 

* to align the COM PNOCS sccurately in azimth on the launch pad. We had a< .:: 
simftlar problem, you recall, on Gemini and our solution here is about the F 
same, It fe proponed that a simple computation be performed similar to the ~ 
platform alignment updiate-carricd out in the Gemini program at 100 seconds 
after Lift off. ‘Thir computation waa based on the assumption that any o - 
difference in the horlrontal velocity vectare detected when comparing the = ° 

spacecrnft to the S-IVB is due to gyro compassing misalignment of the epaces 
craft IMJ on the launch pal, It ic a clmple wiy of determining what this — 2.) 3 

alsalignment fs {n order to Laprove the comparison ty mathemticenlly account ry: 
fori in the plete during the reminter of the lsunch phaves In ad f) tion, pbb 
mkea*the menitute of the misal rnacnt avatiable for use in later. puidance 
systems performinve evaluation teat: inflights, a a  
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’ ey . nf BT 28 * 

~, 6s Flight Control Diviston and MPAD are jolitly engaged in preparing RIG 
program reovlrements based on this technique inéluding dioplay formt and 
equation formulation, These program requirements should be in a form 
suitable for transmittal to PRD within 2 weeks, and negotiating Will then 
begin to determine whether or not they can be ineluded in the earlier . 
manned Saturn 5 launches. They would be desirable on the "D" mission, © 
possible mandatory for the "E", and certainly mundatory for "F" and “aM... 

7. We mxt discussed the queation of vhether 6r not the launch phase ays tems 
evaluation for first opportunity TLI Go/No Uo desctlbed Above fa suffictent. - 2s 
all by itself, That is, platform drift checkn based on telemetry gimbal 
angles from the SeIVB IU and the spacecraft PHOCE have been proponead ao a 
supplement to the launch phase comperioon, but there are obvious problens 
escociated with that procedure which eny make it rather useleso~esalthouch 
I'm gure they will be monitored grossly. Por example, the data ic not - 
time synchronized nor even homogeneous, As @ result, it woujd be necessary 
for the spacecraft to maintain minute attitude rates over the meaourement 
period which ia almost imposeible to achieve, furthermore, structural, 
bending und thermal warping also create very larce errorseeecomparabie to 

‘the differences ve're looking for. MPAD was given the action iten of 
determining if such @ teat contribates significantly to our confidence 
for TLI since if it doesn't we can simplify things ea great deal by 
eliminating the whole procadure._ nt . 

  

8. Finally, we inventigated how we would determing which ayetem had filled 
{f the launch evnluation showa diengreement, It appeara necessary to perform 
@ platform alignment, or at leaot a determination of ite orientation, ‘This 
would probably force delay of TI until the secom-opportunity. We a 
currently investigating the following approecht. Py oF oS 

(2) Evaluate the OSM platform torquing angles. The x ind y axle should é 
be near zero and the 2 axie should equal the pad misalignment ae ated 
in the launch phase, If not within limite i¢ hee failed, 

io: . 
(>) Using MOFN tracking for orbit determination, compare the actual>,. 

trajectory against the B-IVB IU insertion state vector trajectory, ‘This 
requires 14 revolutions of tracking. Disagreement beyond Limite indicates 
8-IVB TU failure, : . 

9. Obviously, we have a lot to do, But if the ground rules are accepted 
it 1s montly a mtter of implementing o technique we understand, | Believe 

” At or not, I think wetve got this TL thing pretty ‘nearly licked.» I hope. 

ence 
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Tt feet elear at thts tim which of there options ko prefernble, Pe) 
/ fet, thir wit probably not he known untll after completion of the” 

e nation prion to the one under diseursion heres However, thin tn not. 
Supe rtant alave, ac far an we could determine, there in ho rennon why 
ether of there alternate minulone eculd not be perforwed, For example, 
Their tote thai we gan expeet the lumr flyby to be on @ free return 
teateetary utnen tha SeLVB La nrunimed to be working normally. There — 
gtpurentiy ti adequate redundancy In the 80S to be tolerant of further 

‘Sem fablures, Aluo, conolderation my be given to using the PNOCS 
a adyoit Ing fniled to the extent that the platform ln drifting at 
Bh ogmete, ue per hour, Forcxample, that te just equivalent to’ the 
StO.) Insteutions from ell knowledgeable lunar return ontry people arc 
‘tot ma opew safety problemn are involved in that minsion phase untne 
the (uobur cycteme, @Lthouch, of courne, Che spacecraft my not land 
4 oeloro ta the recovery ehipa ad wetve become accuntomed to. There 
vos otep mention an to whether or not the aeceleration ¢ime history 

ca bastup, conatant ¢ eatry fe tolerable to the crew. All 
iieations to date name that tt in adeeptable, ‘fo my knowledyr, there. 

Le oenly an: loose end to track down, Ant that fa, io the OXT/ANT : 
mandaters for TL, or are alternite atehting deviaen adequate for 

Srnec and control system allenment? We think they are. If not, the 
OYT wlll tive to ba eheeked before the burn, 

   

L. Ty neeepting there yrount rules, it ghould be ponsible to ectabliah 
eo Ho omontiterine teghintque vhich would permit performing TLI on ene firct 

opportunity oven tor an Atinntie injection (Lees, about 100 minutes 
actor LEM off), The technique would be to compare the CEM PNOCS and 
fue SeLlVP UU durtne the launen phane and carth parking orbit. If this 
sompertnon tu favernble, thet ta, to within the tolerance to be 
on fodone deser bed In parupraph 3, it can be adaumed thet both the 
CeIVR TU oet the 05M PNOCS are performing well, and we would execute TI. 

the comprcison were not within thove limits, one of the systems mist 
have railen by our definition, but we have inoufficlent knowledge to 
determin which one without performing a CSM PROCS platform alignment in. 
eurth orbit. ‘Thin would be earried out as soon after the failure was 
deteeted us posothle, bit would certalnly necessitate going another . 
revolution ant fe could not omcur until the aecond opportunity. If the 
fr tlure turns out ta be In the TU, we would not perform TZ but would - 
anery onto COM/DM Lon dusntion minsion with rendezvoun in earth orbit. 
Tf the fallure fa te the CSM PNdCH, we have the option (to be determiner! 
prcthicht) of doth IP at the cexoml opportunity and perferm(ng a lunar | 
flay, or or cembtinag Pal for that flight and remining in carth orbit, 

Sy Toworta dite te nonchete by eapreoning my nppreeiation’ te Carl Huen © ¢ 
7 opthts Alterrdie Bie ten Heyfew Pinel for hetping ua at Ate February co 

3)" ond "o" tunis Micrion meetings. Our lant TLI Mission Teehniques Ms 

we 
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dee tine det etelled on top dead center in the nbeence or . clair undere 

rtawting of alternate mianion priority, among other: thinguy sta the 

crave tae the needed push to eet going serine f . 

” on fSNm 
ward We Tindall, drs Ls 
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@ Memorandum 
ity 0 or) Sen atat. below: 

« 

“Ron PA/Chlef, Apollo Dats Priority Coordination 

enjner: Ziret "BY Mission Rendezvous Mlec!on TN ehniques meeting = March 4 

1. On Moret howe hed the first "2" Mission Rendervous Mission Techniques © vey 

mintines Tt was deyeted olmort_excluotvely to understanding what the 

mipaion.tediirmento ond miasion-plani_arefox thie. phage. ofthe L226h 
Te diseursion ralced a few questions and some action items vere ass! 

ro yet them anowered. : , 

o, Tt t. ovident that activities prior to the rondezvous auch as “he big 

CLIVE muneiver clominting trnnelunar injection (WLI) will aubstantially 

perturt conditions at. the start of the renderzvoua uniecs compensation ie i” 

peovided, Ttir, of course, means that the logic and capability to plan =x. 

this “sompensation” tn real tlm mat be designed and {splemented. i 

Hi Lineterry ant hin feople were onked to Look into ‘thie. (They're doing. ., 

a simtler ict for Mitcion "D" already.) . . 

te Tur 7B" mission tr typleal of any involvirg LM operations, It starts * 

athi, an undoeking and visual Inspection. This {ts followed by a small RCS - 

maneuver vy one vehicle or the other t) provide « controllel miniedistance * 

~epnration trajectory to avoid costly station keeping. This is followed 

In turn hy _ lar¢cr separation mancuver which kicks off whatever is to ve * 

iene. In this enne, the larger separation maneuver, called a "Phasing 

mneuver", pliees the EM ahead and above the command module properly - 

locniad to execute the CDH ecoclliptic mneuver about ? hours and bo minutes 

Inter. It is intended that these Phasing ant CDH maneuvers will be » 

computed in Teal time in the RICC utilising the so-called NCC/NSR rendezvous 

mineuver logic developed for Gemini, This targeting will force the CDH 

maneuver to ovcur nt spneeeraft apogee over Hawaii, with the proper 

alffernmntial altitude and phase angle, 1 
a 

| 

h, The entire rendervous will be carried out with a single inertial 

plitform orientation (REFSMMAT) for each spacecraft. They will be . 

hampited and relayed to the spacecraft from the ground, Of course, more : 

then one pintform alipnment will be performed, The point is they will» +.° 

aLL be enrried out to achleve the eame inertial platform orientation. 

Purthermorr, IL In antielpated that the REFBMMAT on Mission “E" will be 

calegtenl esrentindly the same as for the "D" and "O" miesions.. That is, 

Shey whL1 tied to ‘TFT and will provide an FDAL G-ball display of § = 

4, 1, @ when the gpncorreft te aligned in-plane, horizontal, wings level, 

14d Ufes . . . \, 
iy 

+ 

a 

Bay U.S, Savings Bones Regularly on the Payroll Savings Plan 
' . : : ‘  
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“vy Th waoeagrecd tht art undooked platform allanwent Wold be mde betwen: 

~~ ¢he separation and Phacing mncuvere. In order to perait this we entabliated 

_ that deparation will occur 5 minutes before the start of the darknens period 

_ perfor to the Phasing maneuver, Since thie will result: tn pinoat a complcte 

* poyolution between the separation and Fhasing maneuvers a‘eemll radial é 

separation burn such af planned for mizeaions “p* and "a" gar not work out 4 

too well here, and the Rendervoun Amiysis franch was Riven the action item .! 

nf celnetinn an optimum separation burn to be Llluatrated at the next meeting * 

with the rtandard relative motion plote Fiight Planning vee requested to ee 

wore out the orew timeline in detail for the period between undocking ani ” 

hue Phopim: maneuver, We wnt to mke aure that the various crev activities, 

strooeiated with GM checkout and trajectory contre, do not conflict nor new 

uniuly @rowied, Tim sum someone will also be interested in detersini ng 

tre connumibles required during, thie period since apparently both electfic 

power and ROS propellant are ata premium. j 

f, Finnlly, the crew procedures people were requested to evaluate and ot 

report at the next maot ing the prererrdéd lighting conditions for the TPI ee. 

moncuver when it ia executed by a spacecraft approaching, from ahead and 

alove, ‘hia wild he th nitustion for the firet TPI opportunity on the a 

‘EH minnton. Although thot maneuver vould not actually be executed as long ‘ 

ar everything Is atilt poine aionr okay, wr should be prepared to do it tf 

we have to. And the preferred Llehting conditions influence scheduling of 

the Phacing peaneuver ttoelf, 
Boo 

    

1. Theccurrent rendezvous plan provides two opportunities to perform 4 

CST mnewver, both of which are nominally zero. However, it was questioned 

av to whether the firnt, opportantty renily existe since tt occurs only 36 

monuten after the Phaotny mancuver with insufficient ground tracking and 

omminientions to cupport it. Zt my be desirable for the ernv to perform 

rendegvane navigation and target thia maneuver} the question is whether 

they would ever reonily execute it. The point is, if it turns out to be. 

am Li there geemn to be no dinadyantage in delaying until the next CI. 

opportunity one revolution inter, and if the onboard systems indicate that .. 

a lar CST mancuver tt neated there is reason to suopeet some ayrtemc . 

—mifunetion. This te prised on the ascumption there had been no indleation 

of nonenominel performance during the Phasing burn, which img Lier that CST 

shoulth be neat gern, TL reams we ought, to obtain some MSFN cOnfirmtion 

Yerere mike a bbe burt that mixht ecrew up the situation, In conjunction 

woth atl this, the Rentezvour Analysis Branch was given the action item of 4,. >. 

de teamining parametrient ly theeffe te of reeiduals in the Phasing maneuver ~ 

in terme of CST mineaves magnitude and other trajectory dispersions auth .. % 

as TPL tim: citppage. 
iz vhs - a 
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hy Ib hae been stated that s primary mingion objective on this flight to 

to pertyem, a comprehensive AGS ayetemn test, This, of couree, mat Involve. 

rondexvesn navipation and targeting as well ac maneuver guidance and control. 

i 3 DM 
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This enn be done ina number of ways. For example, the AGS could be allowed: © te operate continuously without PNOCd update throughout the entire remniosvoun exercire, Or the tent could be broken down into a number of individual tentn~ : with resinitiallzation provided pertodically, 1¢ is also necearary to npecify. when and under. what conditiona rader data ahould be input into the AGB, aac.) Bivivion wan requested to amplify their micsion requirement by providing a "od mire detalled desertption of exactly what they would like accomplished and 1f poruthle how they would Like to do it, : 

   

        

  

      
        

   

    

4 Thnt ts about all we covercd dur ng thie short meeting. One nice thing Apparent. wan the Substantial carryover. from the "C" and "D" nissicn techniques meetin: whieh anould permit us to complete work on "E" in a conafarrably © 7 dotherwise be the cas It was agrecd that Monday ufternoon in a good meeting time and co, if possible, we inten! to ret harather evory other week at that time, The next meeting 1s scheduled ' wt 1i00 fom, Maveh 1d, in Bullding 4, Room 396, ‘That's 1300 fer you, Prank, 
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UNITED STATES GOVERNMENT 

Memorandum | | 
Bee list below | : pare: MAR 7 BB 

'” 6ePASTSKA - te 
FROM =: PA/Chief, Apollo Data Priority Coordination y . 

roy
 

Stnject: Sixtn "C" Mission Readexvous Mission Techniques meeting 

“ *} 3. Thts March 1 meeting conflteted with the President's speech but a few 
of uc dedicated Jokers pressed on as follows, . 

ie It had boon atatod that #11 "C" migaton AFB burns would he performed . 
ina heada down attlinde (that io, 180° roll), This presents a problem 
tn one or two of the SPS burn: in the rendezvous sequencee-NCC, and mybe 
LCC, -eninee to conrtrrin ourselycs in that way would make it ‘fipossible 

to fo the final sextant/ctar burn attitude check, These burns are 
expeetad to be within 15° radial which makes heads up/heads down rather . 

meaningless anyway, except for the FDAI 8-ball presentation. Phil Shaffes . 
checkel with Tom Stafford and Gok apreement that the attituce check was of - 

nore value than the st-ndard 180° roll indication. Accordingly, it is our 
plan to mke NOC, and "RC, (if it is downward) in a heads up attitude and 
inelude the sextdnt/s Y Eheck in the sequence, 

eo 3. As reported, In the last meeting's minuten it is our proposal that if 
a plittorm failure ic detceted juct prior to NCC,, it will be necessary 
\& delay the rendezvous exercine a day. This ruting does not necessarily 
apply to the PNGCS attitude tests prior to NCC, and NSR since after NCC, 
han becn performed we are committed to the rendervous exercinze. Accords 

ingly, if we can assume the GDC is allgned we probably should prese on 
with the rendezvous using the SCS, at least through we, end WSR. 

hb, Apparently, connideration ia being given by someone to extending the 
launch window. In particular, it ie apparently being proposed to launch 
onrlier in the day, It appenra to uo that to launch prior to lool noon 
would preclude making a platform alignment between NCC, and NSR. This 
ali¢nment In thought to be encential for terminal phas®, Accordingly, 
we would like to request that very serious attention be given to this 

tter prior to dhoosing a launch time earlier than currently planned. 

. An [tem came up concerning real time selection of the elevation angle 
to be utillved in determining TPT time. Aa you recall, it in intended 
to utl lise the elevation angle option in the TPE targeting processors * 
each that If everything works properly TPI will oceur when the line-of. . 
sight to the target vehicle colncides with the maneuver thrust vector 
(spacecraft xeaxis), According to Ed Lineverry, if dispersions in the 
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vpetenterns neenoft taken fnvo nceount in destenrtinn tite elevation ancle, wd 

ce thry Ldipection at TPL witli be nubotantindly off the Lineeofentents * 

- ye ele vet ter arte adjustment rhowld be lesa than. « Apparently, the 

* pmc/Mec te eapnble of determining the optimum value by meant of munud) « “3 

fteration, Gince the effect of thin on crew TTl backup charts my be v 

unacenptable, FOOD was given the action item of chock ing into that. ‘ 

    

Lo amethes nettion them anctgned: the Resp wan to entabliah which was more 

vee tet amelie ine eond thane dhedng: the beak line manciver oF thmatt » 

ceeope ne ide nt with Ghee LUlneeoferight at TP. Tf the Livhtin, com Li one 

tay pea ouritdeal, tt miy be necesnry to {nelude a deelston pobre in 

Soper rer tn aor proper Lighting at braking by not Aliow! ne the 

hot fe oD Lp mane than came apeet fied Amount esoprobably about 20 mimters 

Pye TEL Fume based on the elevation ance option slipe too much the crew 

Pui d have tacutilive the Tht ‘im: option” for tarreting. Owiourly, the 

catoden wuld have to be made onboard the spacecraft after sextant data . 

wt been Incorporated Into the rms. 
ae 

    

Deere news besn re mum or OF coments reparding the TPL backup churts 

cg yet re acetuiness on the "6" and "y" minciont. At the next mect.ine, 

sappent is oeheduped cil Dr00) pets on Mareh 4, ve will review this subject 

pao tery te dab ish phe rule of the FNGCS, MOFN and backup charts for 

‘ TVLoree caves, The primey questions to be answered are: shell there 

aay he YD backup charts, aud If there are, nhould they or the MOFN 

@ fofprtiation far TEL be need In the event of 4 procs fnilure, Tt Le 

XN. agitent, Thal doe i iner ence the subsequent midcourne vorreetion will have 

pote taoet on eharta, cinee the MSFN har no capabliity for computing that 

ah avers 

. 
NY acn anh, 

want W, Tindall, Jr. 
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SUBJECT! Apclio Spnecoratt, 
‘o Mireh & menting 

  

! oe Software Configuration Control Board notes for 

    

te Clore to half the meeting was devoted to atecusnion of the Delta Vv 
monitor. It was reported that the Propulsion people hnve concurred in 
writing that the Delta V monitor vrogram rhould not emit ort the SPS 
enelne on the Spacecraft Of0 aid 101 misnions., rt wan also reported 

5 that MIT is etry working on the basic delta V mode design for Colossue, 
; the mrimry goal being to mintain the PROCS In @ workable state, Tom Price wis given the tank of Orpanizing the work from MBC! An! coorlinating (t with MIT fn detail, In the LM programa t 

      

. e@ ‘se In response to a previous action {tem (10.1.4) gac reported that 
~ lage as commmed by the AGS is DEDA accessible, that ie, the crew 

can change its duration if that ta necessary, 
. 

Se To withdrew our PCR No, 
program In Luminary, This PCR was to obtain radar data on the ata higher frequency than Ip currently programmed, thot there vere 9 number of unresolved questions 

    

Impact and we have some analyses and meetings scheduled which should 
{lluminate the Subject cons (derably, i 

  

4, PCR No. 50 deale with changes in Colossus preentry computations and 
@icplay: (P61 anv Pe6?), Arter conaiderable discussion, MIT wae : 
directed to remové the processors in Colossus which Provide an automtic 

; fancuver to the commind matale/rery ice module peparation attitude, the 
ui other part of thin PoR requenting prediction ef Gimbal angles at 00S a's 

would cont 4h days schedule tmpact And, since Tom Stafford agreed it was 
hot gmindatory, thin part of the chanee was pot approved, 
Se FOR Ho. 57 was not dlecusc. at this meeting, | 

\    
   © Buy U.S. Savings Bonds Reguiariy om the Payroll Satin 
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Pa iy . 

fy PCH Nee 64, to delete commid module steering of the Sef¥R durtia | 
TL maneuver, wan finally approved, boa gy bh     

    

tT. PCR No. TU, whieh adds the jork term to the Descent Abort progrn 
(P-70 art r-715, wan not discunned at thie meeting since NTT han not 
completed their detalled evaluation yet, It is supponed to be ready 
for the next menting, . 

    

   "et    
          Sy POR Now T+, a LM DAP chan: to Rundance dealing with attitude rate 

slimith, wau tisnapproved, ‘ 
    
    

‘yo TOK Noe HO var an MIT Initioted chang: to provide atate veetor 
rynchronization with no sehedule impact for Colossun, Luminary ant os 
Sundanese, It was approved, : oy 

| ay 

Vs, TCR No. Al dent with a ehanes MIM emde in the AugheRugel coefficients 
tn Cologenx. Thin wis done without MIC concurrence and thia approved PCR 
directed MIt.to return to the Sundisk values, | ° 

   
      
      

    

   
    

     

     

     

    

   

  

     

LL. PCRs 43 and 85 both dealt vith xeaxis override in Sundance and 
Luminary. It wir ngreed that PCR No. 85 an prepared by MIT was the better, 
no It wan approved; and PCR No. 83 was disapproved, 

Ley PCR No. He provides the capability of changing range variances, whatever 
they am, in Colossus and Luminary baacd on more upetosdate analyses nnd 
wetunl fLicht experience by putting both of them in eraeable, This change... 
wan approved for Coloreus and Luminary with no schedule impact. A visibility 
“mpact on Sundance wan requested, / . : 

14. PCR Nos. 90 ant 91 denl with downlink changes to Sundance requested 
by FED, both of which were approved, i 

14. PCR No. 97, to add mn valid date indleator to the Colossus landmrk 
tracking downlink data, war postponed until the next meeting, 

15. POR No. 94 recuentod a chanre in the Colossus entry guidance logic such that It will work for reduced L/D vehicles. It was approved, 

16, PCR No. 95 which changes the DSKY dlaplay polarity for the rendezvous ne radar trunion angle tn Sundance to be consistent with standard pilot ‘ elgn convention was approved, : . 

  

17. TCR No. OF, whieh provides the enpibility in Sundance of moving the tunlezyoua midar gyro package out of the view of the AOT, vas approved with noone day tmpnet. \ ie 
[ . , 

i 

i



  

12. PCK No. Of removes a program nlarn in Sundance adaocinted with the 

renieavou: mdar which was certain to occur during perfectly nominal LM 

renfezyour operations, It was approved. ol 

  

i 

19, PCR Ko. 98 provides a capability of wnving the rendeavous redar 

antenna out of the fleld of view of the AOT while the renfervous navigation 

program is in operation. Discursion of thie change was delayed until the 

next mectinn. 
| . 

  

'G, PCR Ho. 99 deals with mking the DOXY dieplay of sheft and trunton 

anmlen of the renlezvous rader In Mode II pore meaningful to the crew. 

LT. wan disapproved for Sundance and will be discussed for Luminary the 

next time. 
j 

bh. POR Ne, los nuthorizer MIT to do no 2 o1 5 testing of the Bundatre” 

proprans whieh provide rendezvous mancuver tarpeting to the CSM, aince 

the Pa? series will not be ured on the “Dp” and “R": missions. This was 

approve. 

or, TCR No. 10h would have deleted the requirement. for the Pecl program 

in Sundance, It provides a digplay of latitude, longitude and height. ~ 

When [t wis understood how the crew Intends to use it, the PCR wat 

dlaapproved. . . . | 

£3. Taree chanpes dealing with the throttling of the DPS in the Luminary 

program were requested by MPAD and are to be discussed at the next meeting. 

oh, This memornnium la to give a very brief, rundown of what happened at 

thin meeting. It is obvious from the great number of ftemo under discussion 

that if you are interested In any opecific one In detail, you will have to 

cheek in person with uomeone that wos there, or await distritet.son of the 

form minutes of the meeting. 

. i ' 
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been done on lunar nbort 

1o to inform you of 4 
we, 

a great denl of vork hae 

yeniezvoun throughout the Centers This note 

sara Priority Coortination meeting 04 this eubiect on March 28, 

tn Puliding @, Room 966, T expret it WILL take moot of the day. 
€ 

2 Liat we are interested in determining is what are tha rout and 

crew procedures based on the current yendervous abort planes, The ftrat 

part of the meeting will be devoted to a review of abort: ne from 

any part of the deseont trajectory, both coasting and povered flicht. 

and from the lunar surface. Of course, it involves LM active, ond 

command! module active and in some cases both vehicles active. We 

are particularly interested In entablishing those procedures argeoctstol 

with lunr abort rendezvous which must be included in the nominal times 

tarretine of the CSM to perform LM rercue mancuvert 

a. Ae you know, 

Line, For example, 

prior to the abort situation and tarpeting of the LM on the luner 

for lift off ons CSM revolution enrile than planne}. 

surface 
° 

a 

Na’ 

loward W. Tindall, Jre 
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Fifth "D" Missiqn Rendervous Mission Techniques meetinger-don't mise. 

Paragraph 53. it's great... 
—— 

3 

1. We spent just about the entire February 26 meeting discussing the 

way the AGS and PNGCS should be used during the "D" Mission rendervous. 

I feel as though we have accomplished quite a lot in thie area having 

renched agreement on how the AGS should be used throughout that minaion 

phase, with one minor except’on. It te all based on the grount rule 

that on this migsion the AGS should be maintained in that state which 

makes it moot useful to perform the rendezvous in the event of PNCCS 

fnilure. Tt was noted that if, after having eatablished the preferred 

technlauea in accordance with that ground rule, it te possible to 

include come AGS systems tests without jeopardizing crew safety or 

other mission objectives, they would be considered. 

&. Nominal situation: PNGCS seems to be working properly and is 

prime; AGS must be maintained in optimum state to take over in the 

event the PNOCS faile. ‘This applies to all maneuvers---CSI, CDH, TPI. 

(a} Checking of the PNOCS will be by comparison with the ground . 

cemputed solution only. That is, comparisons of maneuver targeting 3 

from other sources, such as the AGS, backup charts or the CoM, will ye 

not be made to commit to the PNOCS. ‘The PNOCS solution will be used —w- 

providing 'S is within acceptable Limite of the MBFN solution. One : 

possible exception here is that, cince the CSM optics provide very 

strong solutions to the TPI delta ¥ components perpendicular to the : 

line of sight, comparison with them my be advantageous. os 

(b) ‘The atate vectors in the AGS will be updated each time PNOCS Sees 

is confirmed to be acceptable, This wilL Likely be at each time it is 

committed to mike the next maneuver using the PHGCS » 

(c) AGS alignmnte will be made each tive ‘the PNOCS ie realigned 
ami each time the etate vector in the AGS js updated from the PNOCS. 

(a) No radar data will be input into the AGS as long as the PNOCS 
is working, In effect, it is obtaining benefit of the radar via the 

PNOCS state vector updates since the Pwocs ie Processing the radar data. 
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(©) There le no need to prepare or learn to use backup charts for 

C81 and/or COW mincuvers for thia miselon. ‘Terainal phase charts are 

essential in the 1M. Bo 

3. In the event of m PROCS fatlure: CSI ani CDi only, . 

(a) Por CSI and CDH, une the AD in almost the identical manner 

in which the Gemini spaceeraft wir flown. That te, uee ground targeted 

maneuvers executed with the AGS External delta ¥ modes 

  

(>) No radar data vould te input into the AOS prior to Cat and CDH. 

kh, By far the mort extensive dircurnion dealt with the Terminal Phare 

Initiation (TTT) mincuver and subsequent aidcourse maneuvers in tie 

event of a PNOCS fallure, but with the radar at{l11 working. This wis 

the one area still lacking apreement. It in wll based on the assumption 

that a rendcezvour radar fallure ts obviou: as opposed to insidious, 

Clarke Hackler (OCD) and Al Mathan (GABC) vere given the action item to 

determine if thin asnumption {s reasonable, Our alternate plans for 

TPle=-FNOCS out, radar workilwessare as follows: 

(a) Compare the onbomm chart rolution for TPI vith the MOFN. If 
the compartcon ts favorable, execute the chart solution an, if not, 
ure the MOFN delta Vis and the maneuver execution time based on the 
onteard solution. The mancuver would be made using the ACS external 
delta V moleesethic procedure to be amplified later in this memo. 
Do not input radar dnta Into the AGS. ORssee. eae Sy 

(b) Ac coon as PNOCS fatlure ts apparent (but not sooner than CDi) 
atart updating AGG ctate vector: xo pendsevgus radar Jains ts. 

Proeerd uring AGS in place of PiKCl. & 40, compare TPT solution 
with MSFN (anu maybe COM for components perpendicular to the line of 

sipht). Ure AGG solution if acceptable. If not, execute MSFN delta 
V'e using AGE External Delta mode. The argument for inputting 
rendezvous radar in the AGS ard uring its solution is that It ina 
clozed loop system which analysis shows should work well using 
yendezvoun radar and more analysis is on the way to prove it further, 
In addition, Flight Crew is concerned that the arithmetic esnociated 
with the charts mkc its solution more sunceptible to crew error, 
whereas the AGS does the arithmetic for them. ‘The arguments against 
ure of radnr tn the AGS for TPI {cs that to attempt to maintain both 
the AGG and charts solution: is likely to create an exccasive work 

load upen the crew, particularly when considering the herderences of 
the sprcesuits and the zero g environment. Furthermore, we have 

eensidernble confidence in the charts and expect that If the charts 

  

    
   
   



    

ami Ade (with radar) solutions differ we would be Inc?ined to believe 

the shevts and une that solution instead of the AGS anyway. 

&, The following, tn the most atactling conclusion reached today! 

_Tf the LM PNOCH fe working but rendesvous radar has failed, we have a 

serfoue problem with the LM aince no external data will be input to 

the npaccemft systems«--PNOCS, AGS or charts, In this case, it ie 

our recommendation that the commnd module execute the TPZ and aubses 

quent midcourse correction maneuvers and the LN do the braking 
maneuvers. 

(a) The command module would compare its TPI solution with the 

MGFN, If the comparison is favorable that maneuver would be executed; 

{f not, the commind module would execute the MOFN delta Vie using ive 

own time of ignition, 

(>) ‘The commnd module would voice relay to the LM the maneuvers 

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

state vectors in the LGC using the Target Delta V program 

6, TI would Like to present here the ratiousle for making the command 

medule active for TPT and midcourse when only the rendesvous radar has 

falled, The justification is taed on assuring ourselves the 

capability of making 4 good midcourse correction subsequent to TPI 

which is extremely important sinee with no ranging device the braking 

maneuver {s golng to be very difficult for the LM to do. The whole 

point in that only the command module is able to maintain a closed loop 

knowledge of the cituation (with its sextant) and miintain an up-to-date 

act of state vectors in the computer to target the midcourse correction 

mineiver. Furthermore, it in only able to do this well (¢ it makes the 

TPL moneuver, so that ite PNGCS senncao that too. It should be noted that 

thir does not use a preat deal of CSM RCS propellant. Nowhere near that 

budeeted for LM reacue. All of the other maneuvers are carried out by 

the tM and the really large RCS drinker--ebraking~-=will also be carried 

out by the LM. The reanon for that, of course, fe that since the LM 
wLLl te coming in from below, viewing the commnd module apainat a star 

dnckeround, it will be In a much better ponttion to do the braking 

mneuver, In addition, we would prefer to save CSM fuel where possible, 

7. An obvious additional advantage to this in that it keeps the 

procedures as simple as possible in thie eritionl situation. In fact, 

{t ts u ctandard CSM TPT for which a great deal of planning and training 

will tuve been carried out. On the other hand, for the LM to mike those 

two maineuvers would require a great deal of coordination and communication 

between the spacecraft crews in real time which ie undesirable. And, , 

it avoids having to prepare procedures and traiting for this special 

aituation. ! 

  

  

   



  

B, Tt wan atated by FCOD thit the command module pilot. will be umbte : 

to computer onboard chart aclutiona for TPT due to the press of other = 

activity ani so they will not be aynilable ae a data source. ™ 

4 The mnner in which the AGS can b» used to execute LM chart folutions 

le by lomling A zero magnitude maneuver into ite External Delta V 

precessor which zeros the registers and peraita it to be oed like the 

PNoCS Avernge G program (P.L7), ‘The crev would thrust sequentially 

along each of the three body axes, probably burning the largest 

component first. The sequential operation is necessary since there 

te only one digital readout on the DEDA register. 

    

io, LIexpect that at the next meeting ve will review all this and tune 

teupa Lttie. We should then probably apply these teehniquer to the 

cariier "preudoeTPL" maneuver which oecurs half way through the 

exercine including special considerations associated with a TPIT maneuver 

that we do not reolly intend to execute 

ward W. Tindall, Jr. 
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Bee list below * para: MAR a) oO 
: . 6BePAeT=HEA 

| ymom  PA/Chie?, Apolo Pnta Priority Coordination or we 

svajsctt Ascent Phase Misalon Trohniques meeting « February 27, 1968 - . 

1, In the absence of Charley Parker, our peloved leader, I inherited 

the job of chatring this meeting which probably accounte for why we 

didn't really get an awful lot done, However, there ere a couple of 

-thinga that are probably worth reporting. 

gs, We dincussed the importance of the “stage verify” digerete to the 

rpacecraft computer. Apparently, {ts pole purpose is to initialize the . 

DAP such that it may perform property. For example, it stope sending a 

ateering commands to the DPS trim gimbals. It also changes the space 

craft mas used in DAP operations from the accent stage, plus whatever 

remalnc of the deacent stage, to ascent mas only. Based on this 

information 1t computes gat firing duration for attitude control 

differently, of course, I had been concerned that failure to get this 

signal during Ascent vould cause poor attitude control and we are 

initiating © program change request to back up "stage verify" with the 

"Tnnar surface flag" since whenever that event occurs use of the ascent 

stage only ia a certainty. Jack Craven (FCD) pointed out that due to 

the dentan of the systen the much more probable failure ia to get a 

"etnge verify" nignal premturely. If that happened, when we are still 

operating on the DPS, it would stop DPS steering and would make the RCS 

attitude control extremely sluggish. That would be bad news! All that 

in required to do this is for either of tvo relays to inadvertently 

BLT open. 

2, Ag you know, we are planning to devote 4 short period of time 
of 

immedintely efter landing on the lunar surface to checkout of eritical 

nystems, This would be done both onboard and in the MOC leading to a ¥ 

go/NO 60 for one CSM revolution (about 2 hours). Thia is exactly the 

same sort of thing as the G0/NO G0 for cne revolution following earth 

Jainch, dack Craven acecpted the action item, which I had prevloucly < 

disw seed with Gene Kranz, to entablinh how long it should take tc do : 

this“eystems check in order that ve my mke all other mission planning 

and crew procedures consistent, It is expected to be if the order of 

gminutane union it takes a long time to really detect an APS pressure 

enk, {Intl the 00/NO_90_we intend to_remintn-e-stato from which we 
can instantly “abort stage” and go. After that it will take WIth” 

“Totiger  ~ an 
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he Almont. all the rent of our dincunsion doalt with) what the comunnd ” 

motile chould he doing during and Henediately folloving LM aveont from 

the luni surface, One unrenolvedt quention was whether or hot the 

commnd module should attemp. to ubscerve the 1M ascent with the nextant, 

Tt war net clear what purpoar voutd be served other than more rapid . 

nequisition for rendervoun naylgation tracking after insertion. It 

reemed to un the mont Important thing, of course, wes for the commind 

module to take whatever steps are neceesary to assure getting a good 

LM atnte vector tn ita computer for rendesvoue maneuver targeting os 

2oon nc pornihln, It eceme almont certain that we should load the 

nominal LM insertion state veetor in the CMC from the ground priory to 

LM ascent to guard against subsequent communication breakdown, It 

wna salen nyreed that we should probably prepare the MCC to autowtically 

tnke the LM posteinsertion state vector from the LM telemetry and trans 

mit it back to the commnd medule. Whether ve would actually do this Jf 

or not depends on whether we lose more by forcing the command module to 

atay fn the Uplink Command program (Pez?) thereby preventing rendezvous - 

tracking and onboard novigation for # substantial perlod of tim, That = 

ju, amilysis my show that with cood VHF ranging and/or sortant troklog _ 

the commn! module my be able to converge on an acceptable LM state 

yeetor better without this ground particlpation, if 1t gets going more jh 

quickly. : 

Ry Toouens Damnttack ne the old “MUP me" in stating that we are 

sertoucly handtespped by having no reliable definition of the Luminary 

dunner surface and aacens procrame (e.2,, GOP Chapters & ant 5). 1 

unierstand review cosles of these should be avallable within 3 to 6 

weeks and Iam sure nothing can be done to speed them up. We'll eatioun 
raw when they get heret 
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, : GBaPAo TAL GA 

PA/Chief, Apollo Data Priority Coor:! ination oe 
x. 

Fifth "Cc" Mission Rendervous Nission Techniques meeting 

L. We had another "C" Mission Rendegvous Mission Techniques meeting 

on February 23. We resolved a few things and reworked the flow charts 
some more at this meeting, 

2, The first item discussed was a carryover from a previous meeting 

dealing with how the primary guidance system aligna the SPS engine 
prior to each SPS maneuver. As you know, engine gimb *, trim angles 
are stored in the DAP data load which are used to align the engine a 
pricr to ignition. Initial values will probably be loaded prior to 

Launch to align the thrust vector through the best estimte of space. 

eraft cg porition for the first SPS burn. Te current 1 sigma estimate 

te that these valuen chould be within 0.4” in piteh and yaw. Of couree, 

as the engine operates it is possible for the computer to determine 

petter vnlues to trim the engine thrust through the eg based on actual 
performnce, and the program can automatically store these updated 
engine gimbal trim angles in the DAP data load for use on the next 

maneuver, However, it has been found it will only do this if the 

maneuver In greater than ebout 13.5 seconds in duration, During the 

"c' Mlasion rendezvous exercise none of the three SPS burns are as 
long as 13.5 seconds, and so the PNGCS will not automatically update 
these critical parameters, The original values remain in memory to 
be uced agnin on each subsequent maneuver, 

3. As has been reported previounly, it te unnecessary to trim delta V 

rortduale resulting from attitude excursions on the firet maneuver, an! 

so misalignment on that burn in not too critical, However, they mist 

be trimmed on the second and third maneuvers of the rendezvous uxercise 

(see next paragraph) and so failure to update gimbal trim angles would 
remit in excessive RCS coets, Therefore, the flight controllers are 

entabliahing a new atandard opernt onal procedure whereby they will 
nicertain from telemetry optimum trim angles during the first burn 
th be milayed to the crew for tiput into the MAP data Load pricr to 
tue fullowing burns, . 

   



     
     &, BA Lineberry tnt his rendezvous analysis crew presented data to 

show the great sensitivity of Terminel Phase Initietion (TPr) time 
and burn attitude due to dinpersions tn the second and third SPS 
wanruver’eeeKCC,, and NOR. It was acreed that all reeiduale on there ; 
maneuvere must be trimmed out since aot to de ao would jeopardize the “ . 
rendenvous exercine ond would probebly result in excessive RCS conta - 
during 9” termina] phase by not having catabliehed optiomm initial ¢ 
conditions for it. For example, a 1 fps bortaontal, in plane residual 
on e(ther Ncc, or NOR produces ah ainute #hift in TPT time, 

F, M!21t Contella (FCSD) prenented the results of their atudy to 
determine optimum Limhting conditions for the terminal phase. This 
werk is belng completely decumented, The potnte of particular Intereat 
te un, however, are that they have established that the ground targeted 
maneuvers should be determined to cause TPT to occur at local euncet 
plus 7 minutes to within + 1C minutes, It was interesting to note that 
the Lighting constralnty rare primarily assoclated with the braking 
maneuver, whereas on Gemini conulderation was also given to the lighting 
conditionn at TPE itneif. Specifirnily, they wanted to assure that the 
spacecraft brenks Into daylight no lnter than the time at which they 
have appronched tc within one mile of each other, and preferably 3 or h 
miler, They alno want to assure at lewst 10 minutes in daylight 
following the tmpulsive braking time (TPF). '. 

6, Review of the flow charts caused us to reverse a decision reported 
in the Lost meetin: minmnites, Namely, it was stated that if it were 
determined the PNGCG had fatled just prior to the first 8P8 burn, we 
would cantinue on with the rendesvoua exercise uaing SC8 for that 
meneuver, lased on the deta presented by the Orbital Rendezvous Analysis 
people showing the extreme sensitivity of the terminal phase conditions 
to smell dinpersonr in these SIS burns, it ts evident thet the rendezvous 
is nlimost certain to foil without PNGCS. Rather than aemberk on an 
exoretce under those coniitiona, we concluded the best course of action 
was to delay It to the next day and do it then if the PNOCS can be made 
to work In the interim, The S»IVB battery lifetime will have been 
exhausted by then, but with the relatively short rangen {nvolved it ia 
et!li poncible the sextant will be able to provide adequate observationa 
without the S-IVB light. Without PNGCS we might as well quit since 
we are almost assured of exceeding the RCS redline which would foree 
abonionment of the rendezvous before completion anyway. 

T T contacted Nell towncend (PPD) and confirmed that making the 
three SFB burns now planned within one revolution does not violate any 
EPS cystems constraints, He ta preparing @ memo in support of this, 
and I report with appreciation that the Syntems Engineering Division 

of



      

nee 3 

(Duteh von Bhrenfricd) bat.ciso nent mea note okaying it.. I aleo 

_anked nbout the Importance of the fuel slosh test that they have 

ineluded in the timeline following the first BF8 barn. This requires 

miintaining @ peried of no attitude control for a consileradle period 
of time which conflicts with our desire to immediately initiate sextant 

observat'ons of the S-IVB for rendervou= navigation. Townsend read! ly 
agreed that the fuel slosh test could be performed on @ later maneuver 

in the mission and, thuc, there was no need to trade off one of these 

aetivitics againat the other. : 

A, It wan noted that the Plight Crew people are considering adding a 

second midcourne correction in the terminal phase at 12 minutes after 

_TPI, 4n addition to the current one 70 minutes after TPI, We'll hear 

Tore vhout that at the next meeting which will be at 9:00 a.m. on 

Friday, March 1, 1968.%Qe'll probably start in the middle of the data 

flown this time to see if we can get to the end just once, Maybe 
there's something interenting in that part of hs 

& 

Ms 
oward W. Tindall, Jr. : 
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(See attached Lict) 
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UNITED STATES GOVERNMENT 

Memorandum 
See List below para EB 20 1388 

FA/Chief, Apollo Data Priority Coordination 

Lunor Orbit Navigation and Targeting Mission Techniques meeting 

l. A Misaton Techniques Date Priority meeting is scheduled on 

March 18, 1968, at 9:00 a.m. in Building 30, Room 304k, to discuss 

lunar orbit navigation and ascent end deacent targeting. As you 
are no doubt aware, there are miny urresolved problems associated 
with these operations on the lunar landing mission involving the 
Lunar orbit timeline, how the spacecraft and ground systems should 
be used, the data flow between them, the mathematical procedures and 
displays required, and antleipated performance and accuracies, Our 
discuasion will touch on all these as vell ac a status report on 

MSFN capability based on Lunar Orbiter data, 

2, Participation by your orgenization is requested. 

. een, 

Rovard W. (sats, Jr. 

Addressees: 
(See attached list) 
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From $= PA/Chief, Apollo Data Priority Coordimtion 

SuBjROT! We will ctart Data Priority Miunton Techniques meetin on the Mtgrion 

"S" Rendcavoua. 
a 
a 

Cust an tae aeadline proclalmsesewe wilh have our firnt el gindeavous 

meeting at 10:00 nom. on Monday, Marc 4, 1969, In Hoom suo, Bullding 4, 

It will be n short «klckoff affair with emphasin on getting up to date 

on the mission and flight planr on they exist totny. 

You're Invited, Pleare excure the short el 
— aa nenen 

( 1 (- 
Hower) W. Tindall, Jr. 

Addressers? 

@ (See attached Lint) 

we 

  Bry U8. Savings Bands Reenlarly on th: Payroll Sarin Paw



tT i 

suayRet: 

  

     
     

  

   

   

   

     

        
   
      
   

    

  

   
   
   

   

  

   

   
   

     

                  
     

   

Pe csave! 
ne Ob He nm 

UNITED SUATES GOVERNMENT 

Memorandum 
res/Chatimin, Ancent Thane Mics tow (ode tan a vate: . 

. Working Group Ce We tel A 

PA/Chief, Apolle Data Prtartty Cocntisation . 

Bome thinen about the LM computer oo nto progeim nat fine Et should be 

changed 

Le Tita memo to thors pounce te atiey bore foydekod apt soup pert 

meeting on Pebruary Vt teadine air cee Eh ep eT EL Geampet ye web: 

while on the Dina cartaes, fb re eerin i tee gets aC Pt Loot 
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Lift off the sseent prepvame, Pete ch Reb. che att te ondted up, 
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UNITED STATES GOVERNMENT 

Memorandum 
See iiet below | para FEB 21 B63 «. 

Pa/Chief, Apollo Deta Priority Coordination 

fourth Mission "C" Rendezvous Mission Techniques meeting 

1. Aso result of our deliteratione today (February 16) I think we have 

finally determined what to do about delta V reeiduale on the NCC, mineuver. 

Previously, 1t had been stated that we would probably trim out effall values 

but, in order to aave RCD, would allow larger values to propogate to the 

subsequent maneuvers, NCC, and NSR. ‘The question to be answered was what 

is the dividing line betwaen large and amall reeidunlet We concluded today, 

based on mterial presented by Ed Lineberry, that we would never trim any 

residuale nt NCC,. The rntionle was as follows: NCC, and NSR are approx. 

imately one revotution apart. As 8 result any cuteof-flane residual 

establishes a node at NSR. Therefore, it may be eliminated at virtually 

no cost by making it part of the NSR maneuver, Bi Lineberry's data (see 

attached curves) showa that @ horizontal, in-plane residual grows ny 

approximately an order of magnitude to MCC. That is, 1 fps at NCC 

results in about a 9 fps (redial) mneuver°at NCC,, Since MSFN orvit 

determination uncertainty and targeting of that qGantity at NC, ig in 

the order of 2 fps (1 stam), tt io almost certain we will have to mike 

an NCC, mneuver. And, it is almost equally certatn that it will be of & 

magni tide requiring an SPS burn, Accordingly, there seems to be no sense 

in trimming emall. wey residuals. Their effect would be lost in the noise. 

2, We next questioned the magnitude of the MCC, maneuver below which we 

use RCS rather than SPS, It is proposed that the emellest SPS maneuvers 

be mde a d second, minimum impulse burn, which {a the order of 15 fps. 
The question which now ariees ie which reatduals, if any, should be 

trimmed at NCC, and NOR? Ed Lincberry accepted the action item of 

determining the effect of those residuals propogating into dispersion in 

TPT time and differential altitude, and other bad things like that. 

3. We next proceeded to go through the mission techniques logical flow 

charte updated based on discussions at our last meeting. As usual, we 

failed to get ore than half way through and it seems Like slow going. 

On the other hand, I feel as though we did mke some progrens. For 

example, we settled the question of whether the crew or the ground would 

carry out the operation of setting the apececraft computer REFSMMAT flag, 

such thnt the desired alignment relnyed from the ground would be uned by 
the guidance system. It is a messy opcration but it was Conctuded that 
the crew would have to do it since wa could not depend on sufficient 

station coverage to accomplish it, The operation would be monitored from 
the ground if within sight of a station but this was not to be a conetraint 

on the operation.



  

” 

    

hk, We again diecusned at length the pre-pha ing emneuver which may be 

required to avoid collision of the C8M with the 8-IVB prior to initintion 

of the rendezvous exercise. Previously, we had included this in the time. 

line “as a standard muided burn with ground targeting and state veotor 

updating, ete. Since it te extremely unlikely that the maneuver will be 

required and cince it will be only a sm) RCS mineuver, it waa felt to be 

preferable to use the Average @ Monitor Program (P-b7) along with inertinl 

gimbal angles relayed from the ground. This procedure iv simples and leon 

time consuming with acceptable accuracy. And doesn't undenirably diatort 

the timeline. 

£. The next subject we got hung up on wn what to de Lf the pre«NCC 

guidance system tests fall anvociated with final PeSS fine aliynment and 

the otar/nextant check in the inertinl burn attitude, It seemed we had 

three cholces: 

a) continue on with the rendezvoun exercise uning the 8C83 for Nec, 

and the rest of the mneuvers an necessary with ground targeting. 

bh) slip the rendezvoun exercise one revolution which degrades station 

coverngr (!.e., no coversgr of NSR). 

ec) alip the rendezvous exercise one ny resulting in exhaustion of 

SeIVA power and attendant loas of the tracking light and Ceband beacon. 

After long and patnful discussionr, consensus was to do the first, that is, 

there would not seem to be mich to be gained by delaying or dropping. the 

rendezvous exereine entirely, wherean it wan possible that we could ect 

nome rendezvoun experience and, at the very least, we would accomplish 

some of the SP propuleion test. 

: fe Since everyone was having such @ good time we decided not to wait two 

weeks for the next meeting. Accordingly, it 1s now scheduled for Friday, 

February 23, 1t¢ 1 poem. in Building 30, Room 3068. : 

— : * 

x unten, . 
. Howard W. Tindall, Jr. . 
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Memorandum 
tu tee Mot below | pare; 93 FEB 188 

(tel PehehDA > 

  

“eeoM ot PA/Chlet, Apolle Data Priority Coordination 
    

Lunar Mbaston Reentry Mission Trehintiner meet ine 

  

AURIRET! 

  

Le A Mtarten Deehniques Nata Proos'ty mection fe scheduled ess 
Maven 7, 1965, of 9:00 aum, in Bullding ?, Room ‘710, to discuss 
entry froma lunar mlaston., Tait mtenton phane begtin ' te 10 \ 
aoure before Landing and ineluden final mideourse moneavern tf 

yeculred, preparation for reuntey, and reentry Eterdf, We * 

expect to pay particular attention te data Clow between the 
eround and the spacearaf, crew monitering techniques to eyile 

unte performince of the gufdance systems and the erew procedures a 
for controlling reentry tott nominally and tn the event of Aystem: en 

failures, 

« Your partielpation fs requected, 

A 
Nownrd W, Tlryinll, Jy. 

Addrerreest 
(fea attacned Let) 
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GAoPAaTS3Z1A ’ 

Pa/Chief, Apollo Data Priority Coordiration 

TLI platform alitennent 

Cometh ing cane out of Pon Rerryts« Mideourse Minnion Mehniquen meeting 

of Februory 7 thot To think abould be advert’ ced widely. Apparently, 

we now have agreement amony all parties, including FCOD and FOD, that 

the proper platform orientation for the TLI mneuver on a lunar mission 

ta the one established preLaunch on che pad for une during thr launch 

phose, Of course, this does not preduce zeros on the S.ball during TLI. 

The renson T am semiing this note aronn! in Juet to mike sure that 

everyone knows and is working {n accordance with that monumental decision. 

oo eee 

foward W. Tindall, Jr. 

Addresseess 
{ 

(See attached list) 
. wee 
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UNITED STATES GOVERNMEN'I 

Memorandum 
See list below DATE: FEB 20 Wee 
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M/Chief, Apollo Data Priority Coordination 

Spacecraft computer programs controlling DPS throttling need some 
changes, 

1. On February 14 we had & meeting: with everyone at MBC, plus MIT and 
Crumman, who are interested in the wiy che spacecraft computer program 

throttles the Descent Propulsion Syntem (DPB). There has been concern 
that the throttling proarmm: ac currently designed are not adeguite for 
the Descent Orbit Insertion (DOI) maneuver on a lunar landing mission, 
ao well as being rather inflexitlc for DPS maneuvers on the development. 
flights. It was the purpose of our discussion to really understand how 
the PNGCS is being programmed now and, by considering this subject from 
all aspects---DPS constraints, crew procedures, guidance accuracy, etc,<<« 
to figure out what we should do. As expected, it turned out a number of 
program changes are highly deairable, If not mindatory! st Teast for the 
lunar landing mission. Fortumtely, it appears that those considered moat, 
necessary nre expected to have Little schedule Iirpact, 

2. As I understand it, thin is how the general purpose DPS thrunt dry: 

program (7-40) works, As currently defined for both Sundance and 
Luminary this program determines, prior to jgnition, if the burn 
duration at 104 thruat will de greater or lesa than 95 seconte based on ‘ 
spacecraft welght and delta V. If it ir less than 95 seconds the program 
will not mike a throttle change throughout the maneuver, that is, it 
would maintain and steer the entire mmneuver nt 10% thrust. If the burn 
duration is expected to be in excess of 95 seconds it will command 10% 
thrust for a duration of time loaded in erasable memory ant then will 
advance the throttle to the fixed high thrust netting of about 92/4 
thrunt. This 10% thrust duration, which in now {n ermonble memory due 
to n recent Program Change Roquent. (FOR), mist. be Lom: enough to permit 
the engine to reach fuel feed and pressurization system otability (that 
is, about 5 to 10 seconds) and also to insure that adequate eng re 
alnbal trimming would have occurred to direct the thrust vector through 
the cg, at least clese enough to be within RCS attitude control umler full 
thvust conditions (as much an 26 seconde), 

3. The firnt proponed program change, which 48 conaldered mindato cy, 
denis with how the 10% thrust trim duration Ia set Into the computer, It 
is almost certain that during 9 lunar landing minesion thts quantity mint 
be changed ty the crew, For example, it will probably be set initially 

Buy U.S. Savings Bonds Reytlarly on the Payroll Savings Plan
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to ame wlue ronzistent with use of tie DPS an a backup to the and, Then 

tt will have to be renet once In preparation for the DOL mineuver amt ngnin 

prior to powered descent Initiation. At present thear seltings mut 8 

ande by the crew waning a universal service prog™mn for Joad(ny, Into an 

octal address. Te proposed PCR is te make thie wuantity a standart dtaplay/ 

crev~inpet parameter in the digital autopilot (DAP) u.ta Lond routine (R03). 

Georpe Cherry (MIT) suggests use of m dDiank register available during 

display of DPS gimbell angles in which 10@ thrust trim duration would te 

displayed and/or Input in unitr of centi:reconds, Tis parapeter would be 

used to control the time at vient *hrottie would be ndwineed by 

netting it to @ aml vatue. It could sic» be uned to insure that the 

throttle I+ never advanced by {nput of a time known to be in excedn or 

the required burn duration at JOS. Rick Bobles, Floyd Tennett (FM), ond 

qom Price (FS) will prepare this PUA which Geores Cherry anticipates wilt 

create Littie impact. 

bh, A second PCR, to be prepared by these sage guys, requests removal of 

the 95 second burn durntion tent described above. fis FOR Is also 

considered mndatory gince the present Wale would prevent an automtic 

throttle Increace for DOT aml other a@ineuvers of similar mpnitivie, for 

example, st 10% thrust the DOY mneuver tanes about 60 seconde. Sire 

this ie lesa than 95 seconds, the entire moneurer would be carried cut at 

10% thrust. On the other hand, propulsion people feel it gost dee/ rable 

to mike this mineuver a6 short as posuibdle in order to avold excessive 

super critical helium preraure bulld up. 

&, Te third POR deale with crew input of the thrust Level the PHGCS 

would automtically call for after natinfyine the 10% requirement, An 

noted above, the program currently will only advance the throttle to thie 

924 point. For a mineuver such a8 DO] some lowr throttle cetting must 

be used in order to provide steady atate conditions for a lone, ernuyh 

period at the high thrust level to give accurately guided ent off comitionn. 

The propocal fn to make it possibile to obtain an automatic throttle vetting 

at some intermediate value under setronmut control. It was noted that 

there is another blank replater in the DAP data jond routine (R63) dicplay 

of LM and command module msses, This procmnm change may require more 

time to implement than we are willing to accept amt it is not considered 

mandatory. However, it in only possible to vet slong without it if we 

accept manual throttle control by the crew, overriding tne PROCS. The 

operational proecdure would he to select the manual throttle mode and, 

after adequate time at 10$ thrust, the crew would advance the throttle. — 

Lt }n anticipated they could hit the throttle setting desired to within 

about 5h which is probably arey. The computer would steer and cut off 

the engine properly as long as the throttle setting is left undisturbed 

after the initial advance. Incidentally, this procedure provides a manutl 

throttling test during POI which we felt might be nice prior to having to



     une it during the final atagen of powered decent. Thue, even 4f the 

automtic mote provided by thin PCR were available, it La likely we would 

use the manual operetional mode for DOI. In addition to preparing thia 

PCR, Rick Nobles and Floyd Rennett WILL attempt to determine the inaccuracies 

ageociated with the manual throttle concrul procedure to insure that diapers 

sions are within accaptable bounds, Experience gained in the cimulator la 

essential for this analysis. . 

6, We next discussed whether or not the three PCR's noted above should 

alno be included in thr Powered Dencent DPS Turust program (F-33). The 

of second logic ts not in P63 now fo obviously there ie no need to remove 

that. The other two program changes should be made the sam as PehO in 

order to standardize procedures and to permit use of common routines. 

7%. The only other DPS thrust program in P-7O which Le uned for DPG aborts. 

What to do with PeTO ia not at all clear. For one thing, as now progrummed 

aborts early in powered denegnt result Ina DPS shutdown followed by an 

attitude change of about 160° and then a complete refgnition sequence. No 

one Likes the idea of shutting off the engine at a time like that, Furthere 

more there {te concern that the engine should not be stopped and retarted 

acain no quickly due to freezing problems. Hovever, to {lx the program 

to leave the engine on is a cudstantinl change an! so we're going to have 

to look at this one some more. Another problem associated with P»70 is 

that Chapters 4 and 5 of the OSOP sre not in aprecment and the way the 

progmm ie currently coded it does not vork, These are internal MIT 

problemas However, I expect once they figure out what to do we will get 

involved, 

& In summry, there are two program changes which really mat be mde, 

neither of which should impact the schedule significantly, at leact on 

Luminary, We confirmed thut there chould be no problem in controlling 

the throttle manually during DOI and there is rome advantage to doing it 

that wy. However, an approval of 4 third PCR would provide the fleribility 

neade-| for automtic DPS centrol to lower than full thrust, Whether or not 

it is reavonable to turn off and then restart the DP6 as currently programmed 

in the abort program remain: to be feen, And, finally, there are eome design 

problems in the abort prorranm 4teclf vhich MIT mint resolve themeelveu, 

ward W. Tindall, Jr. 
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UNITED STATES GOVERNMENT yard. Manned Sprcecratt Center 

Uisson binning & Analyse 

Memorandum 

rch/cnief, GNC Section para FEB 20 168 
. B-MMeTs35 . 

¥v/Depaty Chief 

Landing radar reasonableness 
vo 

  

4 

.. Jere is another request for {nformt tone--thle time denling with 

la radar reasonnblenean, The tnate quecatton fa hov well ean the 

orev evalunte the quality of the Inni!ng radar data from the dloplnys 

available to them prior to permitting the data to be nceepted by the 

PNOCS? For exemple, io it possible for tt to rend out the wrong 

altitude but give every indication that It fr pertorming ina perfectly 

norm) manner? Or can we be confident thot If we see the displays 

moving smoothly that the date la probably ne 

2, The thing Tamafratd of in thnt the altitude it Indleatca may be 

quite different than the my! gate! PROCS dirplsyed value, oince I 

vould not. be surprined if the intter could? be substantially in error 

due to errors in the initialization, terrato tuwertainty, pavigatfon 

error, ete. “the point {a tv cure would be nice to be able to tell if 

the radar was working even in che face of a large altitwe difference, 

rince it te in that case we need the rijhr data the inte 

Qa 
Howard W. Tindall, Jr. . 
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UNITED STATES GOVERNMENT 

Memorandum 
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PASTS SHA 

PA/Chief, Apollo Data Priority Coordination 

Landmarks for lunar tracking 

1. Lon February 1a bunch of us who hid been working on operational 

procedures ansociated with lunar lindmare tracking got together with 

some of the Lunar Mapping people who have the responsibility for 

nelecting and precisely locating the lunar landmarks to be uned, 

Thies was n rather refreshing art topether rince, as strange as it my 

ecem, neither group knew much nbout what the other was doing In any 

detail The thing that prompted the meeting was concern over the 

recent move to reduce the sun angle lower Limit required during the 

final descent phnac of a lunar landing mission. 

2, BGinee the conclurlona of this menting were later presented at an 

FOP meeting nnd a subsequent ad hoe panel called by Morrie Jenkine, T 

won't go into them in detail here. I'm sure aimites of thore 

discuscions will be much more comprehensive than anything I could 

write, 

3, This note ts Just to record--for me and youcenaveral items of 

Interest. 

a) It was pointed out that when working near the terminator 

onechalf of the view {n the telescope will be in sunlight and ‘the 

other Jn earthshine which could present some type of o problem ‘to 

the viewer, 

b) It te Impossible to use the scanning telescope in earthahine 

due to ite poor Lightepathering capability for landmarks of any 

reeconable size, therefore, the sextant would have to be utilized, 

ec) The Lumr Mopping people Intend to prepare charte which are 

roughly 30 miles in latitude by LS miles in longitude with the 

Landing site close to the center. It ie anticipated that the 

relative location from one feature to another will be accurate to 

the order of 50 meters in latitude and longitude and 200 meters 

vertically. (These are 1 sigm values.) 

Bay US. Savings Bonds Regularly on the Payroll Savings Plan 

 



      

   

    

    

    

   
     

Gd) Yeoh of the Lanimrka celocted will he Lncated within a cluster 

of larger recoaninable londanrke to analat in acquisition, It was 

emphnstzed to the Luuir Mapping people that these larger landmarke 

should be nonigned identification and preeise coordinaten such that, 

If In rend time it is imporstble for the crew to find the emailer 

tandmrba, it would be ponnible for them to observe the larger ones 

ant permit deccont targeting even chourh with somevhnt reduced 

wequrasy, Mike Conwy (rap) will eoomdtnate thie with Dlok Nance 

to mike eure the AMC is sat up to ivintle them ‘ 

e) The Lumar Maypin,, people felt tt prefernbie to choore lanlimrkn 

within 3 or & miles of the landing alte ollipne, 

f) IL ie thelr eonl to provide ne least 3 of theac clusters per 

Bites 

™ (ten 

Howard W. Tindall, Jre- 
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UNITRD STATES GOVERNMENT 

Memorandum oe 
fee Lint below pararFEB 26 1968 

+ GReMeDnt A 

PA/Chief, Apollo Pata Priority Coordination 

Fourth Misulon "IM" Reniervous Minion Techniques meeting 

he The first item discussed at this bebruary 10 meoting really tnvolvet 

ali Apollo rendezvous, which sccountn for the long attendance list. The 

cubject was whether or not to change the orhital travel hatween Jorminal 

Phase Inttintion (TFL) and theoret.ient braking from Lio® te 130°, ft 
wan stated that thic change would mike necessary reworking the crew 
proceduren fer the 101 "C" mianion flight whieh would delay accurate 

crew reniesyous trafalng about 9 weekc. This wae considered unacceptable 

and #0 the change is not being made on that Plight, Fer All other Apollo 

rendervous exereiaen it ie intende! to chanre to @ 130° transfer angele. 

Thic change is enid to have very little effect on the amount of work 

required to prepare for the mienionss there ere no changer required In 

rpaceernft or ground puldance programs, or anything #ln@ we could think 

of. The only dinntyantage uncovered was a sliphtly larger theoret tend 

RCM propelinnt cont which munt be cleared with thr AGPO Cont tyre’ ion 

Control Board (Tindall and Contulla have the action). The advantaren 

are primrily associated with the fact that the 130° transfer angle 

provides nominally zero line-of-sight raten during the braking phane, — 

Tht permite the crew to make thone mincuvers earlier, more efficiently, 
and more encily., Another advantage ig that it resulta in a higher 

enoray tranafer which reduces effect of TPI dispersions. | Thir ts 

pariteularly Lmportant 1p the event of fatlurv of the ranging devices 

rador or VHF. Ajso, 130° ts more consictent with making the midcourse 

correction at %)” after TPI ar tn currently rroponed to take care of 

out-of-plane conditions more efficiently. The peried following a 50° 

midcourse correction in thought to be about optimim, It should te 

noted that the 2bo" value had more merit some time aga when it waa 
-eonelderad acceptable to utilize large differentind altitude, More 
recent work on CGM reavue ant other nonenominal rendezvoun eituat one 
han shown it ponalble te mintain the Dglta h delow 25 miles which maken 
the theoretion, fuel saving for the lho” transfer rather innjenifleant., 

ALL minacton planning, crew procedures, training, @te,, gesac lated atth 

the "D" mineton and subsequent will utilize the new Lo transfer incle 

untenn, and until, we ave unable to convines the Configumttion Con rn). 
fomn) that. itta the right thing to da, . 

oe Amanetnted with the "Dp" mtneion we finally nll agreed to prcoe] 
ftemining the noninnd DEM/commuid module seperation will be mide andes 

the control of the AGS with realduals trimned based on PNOCS, It da 

‘



  

felt to be a anfo, mocurnte procedune: which the erew hai fount enny to do: * 
ta thelr slmulntors, . 

3. We had wivt £ thought to be an extremedy frultmil dineunston on hew the 
AGH ahould bo uned throughout the rendeswoun exereiine on the "pb" mluctons 
Althought It waa obvioun we did not react agreement, 2 think the dimcunoton 
brought this oubjeet clearly into focun ant two weeks of contemplation plun 
some rather almple analytic studien ahould mike [It pretty eany to dectule 
what to do the next time we xet together, It we agreed that the role of 
the AGS on this minnlon should be tu anke moat probable the return of the 
LM to the commind module in the event of PROC fallure. Tt dn pet intented 
to ude 1¢ to monitor Lhe PNOCK nor aheult Lt be compromined to pet an 
optimum ayrtem: tent on it. Therefore, the quentions to be annwered deal 
with how to keep the AGS in the best atate of readiness to carry on 1 
successful rendezvous in the event the PNOCS has falled. For example, 
at what timee should the AGS be reelnilial ized from the PNOCS and when, 
1f ever, should radar data be fed into the AGH? To glve an idea of 
what ort of thing we are thinking about, To would Like to prosent my 
proponal omphanining that thin han, by no meant, been nyreed upons ft ta 
based on the annumption that the PGC In atill thought to be working 
properly with an objective to keep the AG prepared to take over in the 
event the FNGCU falic. 

(a) Cheeking of the PNGCS would be by comparinon with the ground 
computed solution only. ‘That is, compurinons of maneuver targeting “rom 
other eourcea, auch an the AGB, buku charta or the GUM, would not he 
made to commit to the INOGI. The PNULI! colution would be used providing 
$8 was within acceptable limita of the MUFN solution. 

(>) ‘The state vectors in the AGS would be updated each time PNGCS 
was confirmed to he acceptable, Thin will likely be at each time it La 
cuamitted to mike the next maneuver using the PROCS, 

(c) AGS alignments would be made each time the PNOCE is realigned 
ant each time the state vector in the Ade In updated from the MNaco, 

(4) No radar data would ever be (nput into the AGS as long as the 
PNOUS ie working. This is the same procedure as I expect will be used - 
in the lunar mission. 

(1) There {a no need t- prepare or learn to ure hack up charte fer 
CBT ant/or CDH mineuvera, 

In the event of a PNOCS fatlure fo wontd use the AGG in almost th: fdentlent 
Mnner in which the Qemin( apaccernft wis Clown, That in, ground tars tes 
Maneuvers up to TPI, then une of rular diate im the AGS te mike onbuns! 
Computed minouvera from MITon tine And, of eouene, the eommind module



    

could play 6 role here,‘ too, ponethly miking the ‘Tl maneuver ant/or the a 

preking mancuves and, of sourne, Jt tan compute torgetityy, for the er a 

for both iteelf ant the LM, seafunt a proposal, Incldontally, it wag , wast 

intereating to mny of use to learn the LM baa a Ceoband Radar beacon, ns 

Tis tends to increase confidence tn the ground quite a bits foe a 

&, TRW distributed copivs of thele firrt cut at the mission techniques at 

logical flow fer the renduzvous exerc! se up to and Inoluding the so#called : 

insertion muaciuver mide by the 1M to break out of the Initial football 

yendezvous trajectory, ‘Theae Clow charts will probably be reviewrd in 

detail at the next meeting. 
— ; 

haa Quote foward W. Tindall, Irs ma 
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UNITED STATES GOVERNMEN | 

Memorandum 
iA/Mannace, Apollo Upaeeenmit Mogi pare: FEB 10 1968 

ithe Weta tA 

YA/Onief, Apolto Dita Priority Court ination 

Pelotion of TL steering Sy the nprcocratt 

You did better than you thourht, The requert for the changes wo 
prepured by ASIO, coneurred en by Slayton, Krect and yoursetl, 
and forwarded to Headquarters ever the Digectorta nigniatare tn 
the middju af danuary. My Headquartera apler tell me Mhitiip: 
le only awnlitis Mueller'a concurrence before Leauing the 
dbreetive, und it fe my underetanding thie probably haa alreaty 

occurred, 

' _— 

Y wf Howard Ww. Midadl, vr, 

Fnelosure 
Memorandum G8-MeTeOA, 

dated 1-16-14 . 

PAIHWTindall, Jroipd 

Ri U8, Sermon Bods Reeaterty on th Payrll Sarmes Phin 
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UNETED STATES GOVERNMENT 
: 

Memorandum yy. i es PHS 

five Lat below 
para: SAN Ui 1960 

: 
(tlePA=Te'A 

w{ohiet, Apotio Data Prior! ty Coord ini! ton 

titest on Tl 

a, It lookr Like all we need now Le Meads arterts concumreuce Os 

eliminate command moditle dtecring the Sener curing bhe 

MENCUVES Unbeknownat -to me, MOT wie (ireeted ta atop work on 

thin program (PelS) shortly Tefore Chrintman. ‘They oatimated Chat 

P-15 would becom: pacing if they Ald net ataet working sgnin hy 

January 15 al they have Deen toll not ta etart. Work going on 

within MPAD and TRW associated with thir apnecerft cnpantiity [6 

nleo peing terminnted and ¢ recommen! UNC progran atid npnoctates 

Mic Alaplay requirementa be trapped Imestintely, t00+ (or cours, 

nyi effort yeautred to make the ‘HI cO/NO GO deeteton sant be 

continued. } 

S, During fie muy recent discuantons of Tl, crew mont tor ty whet 

the S-IVB fi. puided by the Baturn ayetem han ree ntedly come up. 

Th 1s our current: intention to mse the averaye yf program (p-N'7) 

from whieh bho with pa ponnihle te endl up dloptaya of veloo ts, 

attitude and Hh Ud TAT eee LE Mette Petr ber: that aoe avad date 

hint, the Trane phanes Tie wlll reniire ft ere Ld, proses cheatin 

whieh the Plipht Software Branely ba cool inal hae with MIT in 

preparation of tie total POR, J have heen teld there dnone schedide 

Impagt, Shi, oe weer ecm meme se 
—— 

ee DAW pie ee” 4 a 

| ed onan te reg ete has 

\ Ct ALG d. Howard W. Tindall, Jr. 

    
Abbeecseent 

(Ber attached Lint) 
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ay am BBIhON 
00h Gee Oe On 

UNITED STATES GOVERNMENY 

WABAs Manned Spacorrall Carter 

Memorandum wandas Pease, icin rtden 

FO/chief, Flight Control Divinion pare: FEB 7 1968 
68-FM-Te 31 

Prom: FM/Deputy Chief 

humygct: Problem of B~band during lunar landmark tracking 

Ll. Attached are the “antenna” patterns for the Behand and thr 
aaxtant I refered to during the Configuration Control Roent lust 
woek, The spaceornft ia conatmined to point auch that, the rextunt 
Inwithin that amall circle in the middle (with the hair on the 
tnaide), The dlexer cirole that !f. {a nuperimponed on 16 the 
coverage the Beband antenna can provide which you nee in in tho 
same direction aa the sextant plus @ goed bit more, The little 
region surrounding that te suppouedly within the covernge of the 
S-band, but would cause the warning light to com on, The div 
area to the left and the emall area on the right are where the 
S-band cannot go at all. 

  

°, Marty Jennorn, over here, in working on precise abl ituda ft line 
history profilen to ahow what the actual altuation dn during n 

landmark tracking pass, When he finisnea witnin the month we will 

go over jt with you if you are interested, a 

foo V 
Howard W. Tindall, gr. 

Enclosure 

FMtHWTindall, Jr.ipJ 
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a .*% 2pt tats, Pome he 8 
TAY in BETES 
ons cen mie 

e UNITED STATES GOVERNMENT 

“ Memorandum 
to {See Liat below 

019 19s 

pate: FEB 8 1968 
OYePA-THIOA 

rrom:) PA/Chief, Apollo Inta Priority Coordiration 

suajecT: = Third "D" Mission Rendezvous Mission Techniques meeting 

1. 
on January 7, 
everyoue, 

o 
ve 

rendezvous 

proce lure we 

We had our third "D" Mienion Rendezvous Mission Techniques meeting 
famafirnid it wis 4 rather fruatrating meeting for 

But on second thought---what's new? 

    

~~, 

One thing we did necompliuh, which IT conelder stgnitteant, ts that 
everyone acrees Lhe command module should be opernted during the IM 
active rendesvour nn proposed in the last minuten, that is, target the 
CSM too make cliphtly delayed mirror image LM rendezvous maneuvers, 
Ed Lineberny reported that for the CSM mirror {mage LM maneuveru with 
one minute time delaye nre quite acceptable for miintalining the 

Accordingly, tt !5 propored that anon nominn) 

to nim by vrice, 

aceeptable, are probably wnnecennary, 

ftuntion. 

tLargvet the command module with the IM compited maneuvers 

to be executed with a one minute time delay in the event the [TM Js 
unable to muneuver. 

mate ln the procedures 

There 1a a refinement under consideration to be 
Namely, we will eatablich preflight smill 

deltn V bisres to be added by the CSM crew to the LM maneuver relayrd 
Tt is anticipated these do not add significant, 

complesity 'o the operation and may avold dispernionn which, although 
If future atudy shows this 

refineren' Lo be a poer onc, it will be dropped. 

36 

it somone else'a business, 

Morr's Jenkins reported that the mission plan should probably be 
change to mike the two ahort APS burns with RCS interconnect tnntend 
nines they centribute little useful knowledge to APS or PNGCS perform. 
ance and do introduce some miner dleadvantages, He stated that ther 
mincuvern Are not necessary to meet any mission requirement. This 

results. 

hy 

Planned for the Lunar landing minuton. 

Of course, we'll be interested in the 

Th has been proposed that the tnitial ceparavion of the commind 
motile Efrem the LM be performed inoa manner similar to that currently 

On that miesion oneshalf 
revolution before DOL the contuaind nodule will mke an radial 1 fps 
maneuver downwant which puts tt slightly in front of and at the unm 
altitude as the LM at the time of DOI, On the "D" mission thir 
separation mansuver would occur one-half a revolution before the 
Inbtirtion of the rendesvous sequenee which atarts with a ho fr 
LM mineuver radially uoward, The big quention wan which vehiele 

Bay US. Savings Bonds Regularly on the Payroll Savings Plan



  

should mike thin ) Ppa mincuvyersesthe command module ae on the lunar landing mincion or the LM to avotd perturbing the command module ntute vector, Of theo two relatively wonk conalderntionn, the Latter neem more yall and te T propose that ve carry thle maneuver an LA active until som overwhelming diaadyantage in uncovered, Obviourtly, the maneuver would be carried out using RCS propulsion and the Avernge ¢ 
program (P-47). 0 The command module would update ita verston of the LM Btate vector with the Target Delta ¥ routine (R-3?), 

5. Considerable divoussion centered on apacworart natlvition hetwoon 
thin amll ceparation mincuver and the Inftlalleation of the fonthatt renlegvoun onrehalt revolution later, Fveryone agreed that the 1M 
should carry out an undocked fine alignment of {to plutform durting, the darknera period it enters about 15 mimtes after separation, It ir probable tha’ some LM radar checks should aleo be made, but Jt wan sereed that thene necks should be performed tn fome way that avelds mod! fyfn the elate veetore tn the LAC, Tt waa the coneansun tab Gene 
Fendeazvoun polar observationa dou ld potentially do harm to the atnite vector, bit could certainly not {mprove tt, 

6.) Ry far the moct time at thie meeting we spent on selection of the desired pletform orientation for thin exerctne, Fyeryone ngreen it mart 
be tn plane, but Ct coon became evident that. the Tinal choice of the 
tneplines components munt be rather arbitrary, since there (0 ne rendly 
Alyatfleant advantaye ta any of thore currently proponed., Thin in Porsteularly true nines it is intended to utilize the ORDRAL to drive 
the bALL, Shur obacuring the Alignment uned.- In the absence of 
Agreement, then, I would like to propore the following: 

a) tht a stile Lnertial orfentation (REFSMMAT) be ured throuhe 
out the entire rndezvoun sequence, 

b) that the ortentation be epecified by ground computations uring the “desired REPSMMAT’ mode as opposed to ualng some onboard computed 
Slignment, 

¢) thnt the orfentation be determined associated with the ftnil 'M TPI of the entire rendervoun exercine, 

ad) that the platform alignment be almtlar to that encountered in 
the lunar landing miestan, that tn, 0, 0, O on the tnertial ball when the LM In ortented to colntide with local vertical at TPI or nome hoon-to-be apreified number of minutes prior to TRL. The yalue "i" war tuewerbod, ' 

ey) tht command module adfenment be e(ther fdentleal to or 
different trom the DM hy an integer number of 90 Inerementa, 

It ts ta he noted that, with hoth ventelen operating, volow communtenttonr between them and the around and eommnd uplink capability will be dirtienLt At bert dartne station prtren ant the obdective th on preponnbh te te 
keep tte oper! lonevetoe comminications, procedures, eles, scene nimple or 
poss (UbTeeeeto nveldd ettuattionn where a etear Underatanding by all parties 
involved [sn Jeopardi sed, 

 



¢ 

  

NK 7. There wan a trlef discussion of clock synchronization of the two 
Spacecraft. It waa not clear what the effect of Non-synchroni zation 
is, although it was reputed possible for the groum to eynchroni te : 
them within fractions of @ second. This imtter requires more thourht. 

8. If anyone comes, we'll get together again at 1:00 poem on February 17, 
One thing to be diucuased ia.the proposed Change of the terminal phane 
transfer angle (wt) from 1l0° to 130°s-ewhich probably applies to all 
flighta, . 

LraL Vir 
Howard ¥, Tindall, Jr, 

Enclosure 
List of Attendees 

Addressces: 
(See attached list) 
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UNITED STATES GOVERNMENT 

Memorandum 

Bee List below pare: fd 7% te. 
680 PAeTe2GA 

PA/Chief, Apollo Deta Priority Coordination 

fhird Mission "C" Rendezvous Mission Techniques meeting 

1, Based on our two previous metings, TRW had prepared the first 

version of the minsion techniques flow diagrame for the "o" Mission 

Rendezvous. This meeting on Esbmacy owas davoted to going through 

that flow. Aa usual, in spite of the fact we thought we had cverye 

thing all worked out, we ran into numerous items requiring further 

resolution. 

2, The first diccusaion involved the logic associated with determining 

whether or not a pre-phasing maneuver need be made prior to the actual 

rendexvour exercise (teelf. Thies maneuver is only necessary if 

dispersions are far in excess of expected, It ie intended to arsure 

no collirion of the CSM and the BefVR regardless of whether the first 

maneuver in the rendezvous sequence, NCC), Lf performed or not. In 

the nominal flight plan the closest appréach is something like 

miles, and after finally finding out what this was all about we set 

the GO/NO GO test for thls maneuver based on the criteria that the 

predicted closest approach should never become less than 5 miles, 

This value was made small in order to make the likelihood of the 

maneuver extremely emall but was made large enough to compensate for 

any inaccuracy in orbit determination and mancuver dispersions. 

3. A number of us were surprised to find that a Sextant tracktne 

rendezvous navigation exercire has heen planned by Flight Crew Support 

people prior to the first maneuver in the rendezvous sequence (nce ). 

Apparently, it had been in the timeline all along but somehow we hid 

not noticed it. Previously, we had all agreed on the desirability of 

rendezvous navigatior with the sextant following the NCC, mancuver as 

a opaceernit systems tent and, perhaps more important, at onethe«jov 

tratning for the erew prior to the real thing an orbit later, T puess 

they are gotng to keap the eariter exerelae in the timeline too, but 

{t wan emphnained that Lt le a low priority activity and if Jt intere 

foren with anything elie Lt should be the Pirat to go. 

hy In the sequence of preparing for the NCC, mneuver which ocourn 

within a few mimiten of exiting a darkness period, we have included 

a finnl fine alignment of the platform followed by a aextant/star 

check mide with the spneecmft in the inertial NCC, tmneuver attitude, 

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

 



  

    

     

  

    

    

   

  

Te objective of thie star check wre to provide agaurance thnt the whole 

guidance system in operating correctly, nt least to the extent of having 

gotten the npaceernft into the proper attitude for the mneuver, It waa 

agreed by everyone that onetime exeoution of the NOC, maneuver in of 

highest priority and the crew people felt that no lets than 13 minutes 

thould be allotted to prepare for {t, Accordingly, a ground rule was 

establinhed that the crew would do thie fine alignment of the platform 

and then proceed to the sextant/star spacecraft inertial attitude check, 

if time permitted, but that either or both would be terminated or 
eliminated completely vhen the Timeceto<Qo to the maneuver reached 13 
minutes, It wae also agreed if the sexgant/ster check was performed 
and inertial attitude error exceeded .9° that this wae indication 
enough that something was wrong and the entire rendesvous sequence 
would be delayed at least one rendesvous revolution. 

5. Considerable diecusaton @nsued regarding the NOO, ard NOC, maneuvers, 
perticularly with regard to whether or not residuals should b& trimmed, 
Ae of now {t is planned that in order to seve RCS fuel only small reolduale 

tn NOC, would be trimmed and large residuals would be left to be taken 

care of by NCC, more than likely utilising the BPS engine, Ac reported 
previously, MLineherry's people are in the process of Analyzing the 
aituution parnmetrically to permit selection of the actual teat numberr 

@ defining “emmli" and “large residuals.“ ‘Two things agreed on were: 

— . 8) Since the RCC, ant NER maneuvers are approximately one revolution 
apart it in probable that any ovteofeplane residual in NCO, can be easily 

and chenply removed at NGR. Therefore, it does not seen reasonable to 
do any trimming in the out-of-plane direction at 10,» 

b) The mtter of how small an NCC, maneuver should be made with the 
8PS wae tentatively resolved by saying’ that the SP6 would be used for 
any mineuver [t could handle includ!ng use of the miniaum impulne mode. 
Thus, it would be used for maneuvers in the order of 10 to 15 fps and 
greater, It was emphasized, too, that whatever residuals do occur at 
RCC. mist be trimmed with the RCS in order to maintain an optimud 

“rendexvour of tuation. ot 

6. There in nome concern about use of the SPS on thie first manned / 

minaion, particularly these firat mneuvera, For example, ja there any oe 
problem in mking three OFS burna within one rewolutien? And, can one 
of them be a minimum impulee burny ‘That ia, fe there a freening problem 
or something? Any commente on this would be appreeiated, 

7%. That tn all I enn remember ‘that happened. ‘The next meeting 1a 
acheduled for Priday, February 16, nt 2300 geome in Building 30, Room 
HOgrN, 

a dul aroun. 
@ Howard W, Mindell, Jr. . : ~ 

KS . . : 

Enclosure 

Addrerneeny 
(fon attached Lint)
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. UNITED STATES GOVERNMENT 

Memorandum _ 
Bee list be.ov 

M/Chief, Apolle Date Priority Ocordination 

  

Rendesvous redar will be available during eritionl midsion phases, 

  

FS 
on 

1. ( Something rather astounding happened at the Apollo Apacecraft 
SoftWRre Configuration Control Board meeting on Tuesday, January 30, 
Tt was so shocking the word spread like wildfire! But just in caso 
you have not already heard, it looks like ve are going to get 
rerdesyous radar data on the downlink during the aritical LM powered 

: flight mineion phases.) Previously, MIT had eetimated that 1t, would 
: cause a three week impact on Luminary delivery to provide the capabile 

: ity of automtically boresighting the rendeavous radar on the commnd 
module aml getting ita data on the downlink durtig the deneunt, aanent 
ant! abort programa, Aaa result, d been anticipated thin proyram 

  

chan, ant Trved. nore deta unalyace, 
however, showed they could provide these capabilities with no impnct ao 

; at all, and so we're going to get it. oe eae 

oe 2. During as Ascent Data Priority meeting a.while hack, we hid 
: concluded that we would do no rendezvous radar tracking of the 
f command module immediately prior to liftoff nor until the pitchover 7 
; maneuver shortly efter liftoff, at which time the command module. 

would be within the field of view of the radar antenna in mode II, 
It is probable we will align the antenna prior to Liftoff to the 
shaft and trunion anglea which we anticipate would direct the antenna 
toward the CSM and !¢ will have been powered up to whntever comlition - 
ie necescary to permit acquisition at that time. There tx atill * 
some question an to how well the antenna will maintain that position — 

: when in the standby mode, but that seems (.. immaterial. 

| QI | 
Howard W. Tiedall, Jr, 

‘ Addressees: : 
: ' (Bee attached list) 
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Memorandums” 
Bee List below ~ 

wAcAe Manned permite Paces. 

Peming 6 bean (ane 

. | Fa/Depaty Chief 

Bome Sundiak idlopyncrasion 

dL. Here ave A couple of thinge wo Learned during tho Bundink PrestARt 

meeting at MIT on Sanuary % dealing with preparation to mika a sulded 

maneuver, One dealt with the procedure for updating the permanent 

state vector in the command sedulo aomputer (CMC), As you know, the 

CMO idilng propram (POO) updates the state vector routinely baned on 
the following tect, When POO fa entered, 1 cheaky to nee bf bie 

current atate vauter lu older than O minutes, If Uh diy Tt enuen tt 

to be inteyrnted up to the preaent time but If the Line is lene thon 

9 minuten fror example, 8 minuten and 45 amoonds), it doar met do 

anything azcept ant n timer whieh will cause 26 to cheek th: uurte 

vector ngo ngain In 9 mimites. Obviously, thin meann that if 100 fa 

used to update it, the atate vector can grow almont 18 miniter olds 

In preparation for ome critica) minnion phasoa rich an date ina 

thrust program, 11ke PebO, 16 fa neeonaary ho bring te clate yeotor 

wp to diate, Accortingly, it Le recommended wa utilire Yerb AZ lo do 

shia ann otandard procedure, since that procedure does not. have the 

inherent uncertainty of POO. 

>, The other mtter dealt with une of the External Delia V pronram 

(Pa30), An you know, targeting for PeJ0 ta done tmpulrivnly, that In, 
3} components of Delta V to ba added at an tnetant of tire, Thin time 

tag is ordinarily chonen to de the middle of the finite thrusting 

period, In order to compensate for orbital travel during til reriod, 

a rotation of the thrust vector is performed in the thruet programs 

(PehO), It wae reported that if P-30 is ever entered after this 
rotation {0 done Ln Pato, it ia done again on reentering Pel doubling 

the rotation. ‘Thus, if thin propram sequence is aver followed, ar 

would happen Lf we updated the state vector after entaring Pld, 1t 

would be neceasnry for the crew to reinsert the daairad delia vin 

via the DBXY. , 

36 It wno emphanized, however, that no harm (a done by antltng ane Lo 

recalling either Pe or Pel) it ie only when aolng back 
te Pegs , 4 

pw “SY " as 
Howard W, Tindall, Ur. 

Addreagerat 
(Beu attaohed Lint) 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan  
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UNITED STATES OOVERNMENT 

Memorandum | . 
Bee Liat below pate: FEB wu 1968 

CBakAs Taft A 

  

P/Chief, Apollo Duta Priority Coord (nation 

lanar Reentry Misalon Trehniquen meeting 

1. On Fobruary 1 we had anothor meeting on lutar reantry minoion 
techniques, Almort all of our discussion dealt with the final 
midcourse mineuver prior to entry. Ar you know, midcourse mineuvers 
are currently planned to occur approximately 12 hours after TRI which 
ie near the sphere of influence of the moon and about 15 hours prior 
to reaching the Entry Interface (400,000 feet altitude), Analyses 
have shown it in highly protable that thene maneuvere will have to 
he made and propeliant {es budpoted for them, Planning hao alno 
included a thiml midcourae maneuver just prior to reentry, the need 
for which {+ nowhere near as certain, Of courne, it must be Included 
in the timeline reganiless of that. It ie this midcourse maneuver we 
discussed, 

2, Wren should the mineuver be scheduled? Ron Berry atated that, 
accor(ing To the lr atidied, the ment tur of dinperniones at Entry 
Interfaon (BI) are reintively Insennitive to the time at which the 

> bitrd midcourse mineuver ia mide ns long as it in no carlier than 
about 5 hours before (FI). Therefore, this consideration puta an 
upper bound on the time at whieh this maneuver must be made. 
Paul Pixley staten that for the cases they have examined it ta alwayn 
posrible for the MIFN to obtain a gool atate vector for entry Initiale 
lzation provided the final midcourse maneuver oceurs no inter than 
2 hourrn before EI. This MGOFN tracking limitation eatublishos the 
lower hound. Selection of the actual time the maneuver rhould be 
made between these bounds le primarily based on operational considera. 
tions. That in, we would Like to make sure the crew timeline follow:ng 
the mincuver Im not unduly hurried and will be very much Interentod In 
the flight planning people's input on thin (Tom Holloway pleane note), 
Until romething comes nlong to chnnge it, we propose for now to. 
eehedule the third ml Tcourre minctiver 2 houré prior to 400,000 feet 
end _all-mi:Tlon planntre aid aalyete attivity mort re meet-on -tn t. 

em oO ee |   

3. We also ertablishes a oriteria upon which Lt will be possibile fo: 
the flight controllers to eatablirh the need for thin maneuver in real 
time, “Baned On the work OF CINDTe Unvan? groupi, Tew —rtn cee tant



     

    a flicht path ante dinpepelan at wl oof wt? fe eo tered neecptabbe, 
Aceording to Paul Pixley, the MAPN lo, capatle ot determining ttyet 

parameter to witht O07 >, given do minutes af Cracking: wiltla o hours 
of FI. WW nyht rae tLe this we ontabl ohed a CP itht pith ante dbiperton 
Limitoof 636° an the GO/NO 0 oriterin for whether or not to mike the 
midvourar maneuver. dhnt tn, tf ite peodd ehed pileht yath angle at MI 
differs Crom the demtyed wilue by more Than G05 The baled mon taire 
maneuved WILD Da CxvtUtddS Accor ling to Pete Prank, thir yatue tn 
euftielently linge that the Likelihood of the tHIFT mntéburna’ ifieuver 
do very jow, 

be Tt wan deetided thet the mlideaurae mancuver, UC necuntapy, will be 
entively (no plate, Tahoe ouaund rude wordt eetabbonhed bared an an iintinte 
wtand fig, that vey UCC he Ttepadl basting polnt adfunteent fe avntinbbe 
without very dare outeofepinne mainniverc, Nor in Jt needed einee the 
Lifting reentry ‘footprint vhowlt provide more than enoumh lutornd) laid tne 

point enntrol. 

By Another proumd rote we eotabt toned wea Gat there oud be pe 
compar tocn of onbowurd navigation to MIFN mavigelton associated: with the 
this mideunrite minenvers Thin do on necensary conntratnt ines onbonrad 

navigation changer the CMC epaceeraft: atate veetor, whieh lo an umecepte 

able thing to do iat prlor to entry. Furthermore, (fla unnecoacary 

anyway, clnee by that time in the miacdon we should have aotitetent tsi th 
In the one whieh han been uplink Crom the ground without that eon 
vampar bons 

te Tht madi ar pores the quentlon ma ta how long before entry the ptound 
determined state yveetors propoynted to FI are of. equal aceuravy to that 
determined onbonrd ainee, piven comminicntion loss, at some point the 
crew should abandon the MBFN state vector and atart niviyation and 
mnruver tarceting onboard. The Mathemtical Phyelen Granet and Orbital 
Miaaston Anilyet. Rennels people were piven the secon Clem ar determining 
thts cporcever paint whiel to antlet pated to be well bevore Che recond 
mideouirse mineuver, In other words, Toexpeet that ones we hnve eommitted 
the apreerraft te exseoutineg the prount computed feeand intdeourne maneuver 
Weilising no MAFN ofate vector upinte, there ehowld be one Aurther otar 
Vantiverk/ntay hort cor exereicen carrled aut anbentd {he apmecernst, 

Pe An todbbe jreue, Tt ev lee der fpabde fo tnedude da the tanas mieten 
Phun case dort oot Monbowrd Nav tent tan and Ke tiorte Coe berth bare t by! 
mrepoetee noon eyetete feet om tthor en the Grains dusty Pree of the minston, 
OY more prencotibly, carty dn the tranccsprth phate Go eviluate that 
cepabiitty, Bat f@ be to de emphaciced that ft ten dye ama tert andy 
Ard that naviyntion spd onrpetine of 9). theme mineuyere heuld e bag ed 
onoereind computetdon: riven adeqinte commntoationn,    



  

BR, Another question which mint be annwored dealt with how noon before 
ET it dr renronubie for tae CMC Averave @ program to ntart runnin. Of 
rartleular concern in the effedt of upproxtmtions on tha acourmey at 
the navernge g integrator when computing the datiuenue of junt the 
eravitation the opaecooratt fa oxpertenalng., Guldance and Peeformence 
Branch (a to answer that, 

9. In the current fll@ht plan we propose that platform alignments be 
carried out based on u ground computed REFOMMAT at jo houra and 1 hear 
prior to KI. (Wo otild haven't pinned down ite apeetfie astuntatton,) 
Tn addition to the ground tranamisnion of thin REFOMMAT, {t ta necessary 
to send up the apagecraft otate veetors and Extornal Delta Vo tageetinye 
parnmeterns for the third mldeourse maneuver Uf ft da meedod. Alaa the 

state vector fer entry inttialiezation maint be pent cometime during the 
last hour before entry with Ete time tag close to the predieted ELT time. 

10,0 There wig toni derable dime fan reamiine the aprecerant computer 
atiy progieume, fevereb modi fbeatton have been peapaced, hub bt was 
evident from our diveniston that we didnt know enough about the vurecnat 
definition of thene proprann to do anything. We alno {neoncluntveLy 
dlveunned (nittultaation of the EMO spain. Accordingly, it was deelded 
that our next meeting mhould Inctude partiefpation by MIT and North 
Amertean perconne], 

\ 

© MR) Cu, 
Novard We. Tindall, Jr. 

Ene losure ‘ 
List of Attendees 
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(See attached Lhe t) 
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UNITED STATES GOVERNMENT a tt Sreaowk Cortes 

Memorandum 
See list below pare:FEB 5 168 

Fw/Deputy Chief 

Sundisk range rate computation fa not real accurate, 
  

  

1. As you know, one of the key parameters displayed during rendezvoud 

is range rate based on the current state vectors in the computer, 

During our Sundick Pre-CARR meeting at MIT on January 25, it was 

reported that due to approximtions used in its computation, this 

parameter inherently has an error that ¢an grow to as such as 5 fps. 

MIT has already reduced this error at such as they can by rectifying 

the solution every 100 seconds. Accordingly, it ia my impression that 

the error frows over each 100 second interval up to ae mich as 5 fps, 

at which time it is reduced to rero agein. . 

ote [ mie deficiency, if I can call it that, seemed significant at 

first since the command module crew carries out their terminal braking 

schedule based on range and range rate. But considering the mich 

larger errors we probably will encounter due to state wector inaccuracies, 

it will probably be lost in the noise which we had to be prepared for 

anyway. This note is just to mike sure that everyone who {s interested 

knows about this thing. — 

Vig’ 
Howard W. Tindall, dr. 

Addresseen: 
(See attached list) 
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u ED STATES GOVERNMENT . 

aig , vo Re Manned Spattien O.. st 

Memorandum mansion Hanning & Analyst, Dwialon 

See list below vate: PEB 7 1968 

68-FM-T-23 

  

FM/Deputy Chief 

Trmtnal chase transfer angle my be changed to 130°, 

BY 1. Extensive analyses were carried out in preparation for demini 
remezyou- which led to our seleetion of a 130° termini] phase 

transfer anele. Entirely ingepenient anelyees on Apollo apparently 
have led to selection of 140° for the rendeevoun transfer anele. 
More recently, however, people in the Flight Crew Uperations 

Directorate have been re-examining this and, according to Bucs Aldrin, 
may soon com ta the conclusion that there fa sufficient advantage to 
change to 130°. ‘The primary reason is to minimize the Line of sight 
rater during the terminal braking in an effort to reduce fuel used 
unnecesrarily to eliminate perfectly nominal trajectory characterintics 
inherent in the present 140” transfer. 

@. Stnee this proposal will influence the development flights os well 
as the lunar, it would be well to aet it resolved ASAP. Accoriingly, 

{t will be discussed next Monday, February 127, at the "D" Misnion 
Rendezvou:: Mission Techniques meeting to at least adr the "pros . 
"cons" and to see who is for and who is agin. a 

hy a Howard W, olen, Jr, 1 bes 

Addrescees: 
(See attached lint) 

Buy (18. Saving Bonds Regularly an the Payal Sarmes Plan    
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UNCTED STAEES GOVERNMENT 

Memorandum 

Feh/chief, GNC Beetion pats: FEB 5 868 
6% ePA-T22A 

Ta/enief, Apollo Dvir Priority Coord ination 

SUBIRCT: Gan we plinn nominally to burn APS to fuel depletion? 

4. Paring ont Aseent Miseion Mchnigues meeting on January 31, 

rametbing sother roantifteant came Ups It_wan_ thought by several 

ef fhe pecal: Une tet tb ka nov coneidered acceptable to burn 

ti APE une. sa depletion. If thie in the cane, 1 am alte 

we world chore the wiy we intend to perform the nominal lunar 

pandesvous nies car, As you know, the present plan calls for 

making Al) aimenyvers ifter inrertion into orbit with RCS and, of 

courre, since thers Tra chance of running out of APS fuel ve 

would net open the interconnect. 

ey On the other nead, tf tt is posrttle to run the APS to fuel 

deplel con [Poms cure we would attempt to mike the maneuvers ual rg, 

that engine, recognizing that if fuel depletion occure during the 

maneuver we would have to finish it up with RCS. But, obviourly 

whatever lelta Vow required with the APS gives thit mich saving 

from our crittend ROG, Would you pleare have your people look 

tnto thic uml let me know if tris ten reanonable way to opetate 

the AIN ina nominal mission. think Jerry Flltott picked up 

this aetion item, I am writiny thie note just to make sure you 

hear about. it. . 

i, Ineidertally, {t might alee influence how we use the APS on the 

fp and “E" minelons, too. I'm not. sur We a 

oword W. Tindall, Jr. 

ect 

(See atinehed Ltet) 
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UNITED STATES GOVERNMENT NASA> Manned Qpecscret Canter 

ee] a Memorandum roan & a On 
Pet /Chief, Guidance & Performance Branch pats: FEB 5 1968 

68-F-T21, “ 
Yw/peputy chier ” 

Average ¢ 

During a discussion about reentry at lunar return velocities the 
other day, the question came up ae to vhen it vee okay to turn on 
Average g. There was some reason for wanting to do thie about 
One-half hour before arrival at 400,000 feet altitude. We all 
recognized the inaccuracy vhich resulte from accelerometer bias, 
but the tning we were uncertain about was the inaccuracy due to 
the approximations used in the average g processor iteelf. Could 
you guys determine the relative accuracy of the standard numerical 
integration program used onboard the spacecraft and Average g for 
@ case like this? You probebly already know the answer, having 
worked on 501 and 902. . “ 

Hoverd W. Tindall, Jr. 

ee: 

Fu/J. P. Mayer 
Cc. Re Buse 
M. V. Jenkine 

™m0.3/R. P. Parten 
J. R. Gurley 
B. D. Murrah 

FMS/C. A. Graves 
Pv5/R. B. Erm) 
Yv7/s. P. Mann 

R. 0. Nobles 
FY/Branch Chiefe 

MMrHWTindell, Jr.:pj 
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Nira STATES GOVERNMENT 
_ @ HACA+ Manned Specnoreft Center 

~ Memorandum wis Foon & fea On 
, : Bee List below pare:FEB 5 1968 

68-7%-7-20 . 
yrom : Fw/Deputy Chief 

1. 

sunject: Invitation to DPS throttling for DOT meeting 

1. Thia.memo_ia to notify you of a ong overdue meeting. Even I 
have been avare for at least a year and a half of the lack of 
definition of the spacecraft computer program requirements aneociated 

with throttling ae deacent propulsion system (DPS), During thet tine 
; we have gone through « whold@ series of program change propoesls--- 

m some of which have beon implemented, some discarded, Whet_ve must do 
7 is to get all interested parties together to pin this business down 

; once and for all in order to provide poerttve atrettion té MIT for 
thé Lililnary program. Unfortunately, ve are. probably already far 
late to_nvold achedule “impact. > 

  

2. Our primary problem deals vith how we should use our guidance and 
propulsion systems to make the descent orbit insertion (DOI) maneuver 
ona lunar landing mission. Questions itrvolve: 

  

a a) how long to remain at 104 thrust 

bd) what thrust level to proceed to for the latter part of the burn? 

c) what sort of option should be provided the astronauts and/or 
the ground in the control of this maneuver? 

ad) what limitationa the DPS imposes, such as helium pressure, 
freezing, ete, 

  

#) what sort of Limitations the guidance system imposes primarily 
involved In maneuver accuracy, 

f) how the RICC should do the targeting for those maneuvers 
&) what miidance mode should be used (that la, Lambert or External 

Delta Vv 

h) the value and teaterility of previding ® manual throttle teat 
during the maneuver 

  

{) And I om sure there are miny others. 

    Buy U.S. Savings Bonds Regularly on the Payrell pavings Plan



  

3. Accordingly, we have set up « meeting for February 2h starting at 9:00 a.m, and possibly lasting all day long, to attempt to resolve @11 this and to develop a precise definition Of spacecraft and ground computer progrem requirements, and perhaps, some mienion rules and as procedures, etc, The meeting will be held in Building 30, Room 20323, _ You and/or your representatives are urged to attend. In fact, 1 would appreciate it if you would review the distribution and see if fr have overlooked anybody who ehould be there, and let then     

Roward W. Tindall, gr, 

Addressees: 
B/E. Aldrin 

C. Conrad 

Crch/P, Kramer 

Bo/D. C. Cheatham 
F02/M. Kayton 

Cc. T. Hackler 
Fc5/c. B. Parker 

e@ R. L. Cariton . 
¥M13/A,. Nathan 

Ne PHe/F. V. Bennett 
FNT/R. 0. Nobles 
¥85/J. C. Stokes _ 

. T. F. Gibson 

J. B. Williams 

MIT/IL/D. Hoag 

FM:HWTindell, Jr.tpj 
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Savin STATES GOVERNMENT 
HUA-Meesed tqseeneh Caster 

Memorandum nue Poung & hats Bee 

yih/Chief, Mathenntion Puysicn Branch eft 5 we 

wi/Ddeputy Chief 

Bundisk Wematrix ie @ iitele vein, 
eS a 

During our Sundiok PresQARR meeting at MIT on January 25, Jerry Levine 

gave us a one hour briefing on some ddioeyncraaies in the handling of 

the Wematrix during the navigation programs. Generally speaking, they 

involved the manner in which it is propogated with time, I do not 

think the way we have the mission set up they should bother us, but I 

urge that you have Bob Bavely or somone pecome thoroughly familiar 

with thia situation and make sure ve are doing right. Incidentally, it 

ie possible to change the initial values of the mtrix aince they are 

in erasable, in case you didn't know. 
4 

byw, i, vr. 

oor 

ru/s. P. Mayer 
Cc. RR. Rusa 

MV. Jenkins 

703/R. P. Parten 
Je R, ourley 

3. D. Murrah 
A. Nathan 

no/R. 3. Ernuli 
yat/s. P. Wann 

R. Oo. Nobles 

¥M/Brench Chiefs 

FMBWindall, dr.ipd 
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UNITED STATES GOVERNMENT «Manned Sgunncraft. Comat 

Memorandum wen Pong, © foo De 

: ee List delov ogres JAN 2 we 

rw/Deputy Chief 

LMe@ not expected to fly 

George Low announced at bie January 29 staff meeting tha’ the IM«2 

mission will not be flown unless something unexpected turns up in 

the postflight data analysts now underway. He termed this « 

Opeveraible decision” until the final review date, now set an 

March 6, As I understand it, they intend to continue development 

of the spaccoraft juat as though 1% would fly at least ti) that 

Mate; ite diepoaltion after that hae not been eatablished. 

‘ nn 

Hovard W, Tindall, Ure 

Addressees: 

Tw/d. P. Myer 
GC. R. Huse 

M. V. Jenkins 

7703/3. P. Bryant 
J. Re Gurley 

zr. D. Murrah 

A. Nathan 

rob/R. P. Parten 
; 

rg/R. E. Brnull 
rut/s. P. Mann 

‘ 

Yw/Branch Chiefs 

MUHWTindell, Jr. sp) 
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oe be The secomt of Lhe 

“" gddg and esis were rasclved, act one 

procedure was prdponed dealing with COM operat ionmtsturt 

rerlezvour. — . oa. 

ag). (ad Bivieton hee Indiented that tt te neeorsary Le Gece " 

maneuvers neine fhe AGB. The current “D" Hlaalon HAfemveun axeraine 

—dneludes thts mode for the First anifor sevund trtevers ‘Tena ider ng « 

“othe atatus of the AGS end the ertticnl miture or, thle fLigitt, “IT took 

ve auld rently ube: the £00 $y it 
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f- ee the setlon Item of finding out If ; the ! ; 

ep way aince ft tae 4 heavy benxing on tow we uti Liga, the galilance 096 Gott 

Intuitively, 1b eounds nuthe 
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fo the preferred pla ctor aktemma ht tA 

be ied during the rendesvour exere ode Tt nak bern untvermrally ypteed 

that the alignment round be in pinne ant that ihe ORURAL wild bef dced” 

* gath one of the fAttntis.s Chalten of tie inertie ial femme: bas treats 

hard-to mike since Here neem, to be va udlque adviaitiag te any ertite - 

“war orfentation. Some members OF the Chight dred hd. dlecur at Lh te 

airing tore dincdsmica tlhe - 

reomnd arrived ato tentative proporal ces 

“2 thelr orginization. Their suggertion iw teed! athe plutt
ons inc rutt+ 

qa way that the white and black hemispheres of the fi-ball co: apide whith. 

< the aunlit. and dark hemispheres of the earth, Tont inj aa the inerbielly: 

os ortented Heball crosses from light to dark thei epacecraft would pete 

crossing the earth terminator from day te nighber oe - Ag 

hat” maths. tho’ comp dt meh 
when: Lat. heaedel 

    

83, We continued our Aieounsion © 
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ky” Appeswutly 
“ie and the LA wilt have the sam 

++ attitude, .Accordingly, the REFSMAT for ec! 

TWARL be Q0° different from each otner. 
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Ls a S ~ 

or in the miasion fh (A planned, to fe fos | 
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‘Prope P| 
< WLLL probably thelude use of - . 

Fdeatred ortentation for viewtn: the ally 

   
- Gvi Probably -the most 'nigniftcant concept contig. from: 

2 the manner in. which the command module should be operated gurl: i 

“yendenvous. “The importance of this ts that tt ‘not only bears onthe: 

but, if sound, would probably be uscd on all LM rertesvous tneduding ‘the ita 
“Janding flight. ‘the beate premise fv time whe mowirinpoptons thing 

-d0 ts to saintaln the optioum (nominal) rendesvoud' ai tuations . the 
$e imponalble for some reagon for thy LM to exequbecite plannud minctivera cna. 
_denigned to continue the coelliptic roedeswius Requence with opti nud: ight 

beats) Vo npprorah angie, nominnk bine of Bight eaten dt liye brnkings: fawal nad ak 

velocitics, ety., an well as eatletying groufid tracking: coniterihtr,: nets 2 

hignly desirable that the command mudul~ execute 8 imncuver alpont: tend in 
to nccomplibh the sam: objective. Accordingly, the proposal titer . 

{e to target the dommni module to mike a imnetver with a short Li , 

“the planne? LM maneuver sid then countdown both Arent cleo“ soi ne titvurh. th 

Cot  prethrucé ind thriet programs such that 10.16 3 :Tound the IM fHiantbis 

@ ‘ meneuver, th: commind module would continue ite countdown Bnd Teethers 

. Lipeberry rtuled thet thetr studies have shown that. atmos® wane y. 
wo - conditions are achieved by the comand sodule performin: the TM. ts 

- oo mneuver backward. And so, for operstionnl olmplictty, we worth! 

Sof thea yebteleg to execute aeeentinily th: Baie: Mnstitve fe Unity {, 

oo ~ Pelta Vo coord {nate ryetem, the only difference: bed ig thek Une enti, ’ 
maneuver would he paekwards, and the time Of Tht lon, teaser oat ga ete AN 

queetion of what delay manitude rerulted in two dation {ttm Kiset, thes 

< flight crew war.to determine the tine re. ulred MLiowthe ientt torte et, 

the IM enaine tc eveluite the situation and eatabliah the geoll-fae the ~ 

module to burn. ‘It '9 expected this time to ‘ve about one,: amd no. more, they 

tvo minutes, The recon’ task wma for the Rendeivous Analyais Rearietr to 4 

a pirometric ctuty to show the degridation effect in temas of tT bs 
“TPT time alippnge, vto., resulting fre yartous: wniuren of. delay 

       

        
   

       

    

   

    

   

   

      

   
   

   
   

   

   

  

    

   
   

commid module, "thus miking the “fwllare analy: 
; time eritieale (908 ey es 

Te In conjunction with this ‘operntion, therefore; 
to relay to the ‘commrd module pliot the imaneuver’ he: ‘paitd 

-. ExtePnal Belta V coonlinate system. The conmiid.moduze ptlot Mepis aur 

. targeting {6 prepare for the bockup mneiver descr! ted sbowtes:T : ye 

: ots not evkled upon to mike the maneuver, he utiltees that sand inforee tts 

@ _woing the eo-called Mrrget Delta V routtiie (it ) 33 
. vector in the CMC. Ae



  

8 One additions] problem associated with thin Intter point deale with 

what to do if it is adjudged under lnvle for the LM to trim veloctty 

residusie in «hich case the munruver posred to the CM for updatine the 

atnte yveetors is not semuyte, Trere wore three obvious courrcs of 

action na follows: (n) Ignore the error and depend on cextant obnervies 

tione to eliminate it, (b) reorient. the LM in such na way that they are 

able to read out the delta V residunls in the externa] delta V coord innte 

nyntem to be relaye. to the commend wolule, and (ce) utilize the ground 

network taking the LM atate vector from telemetry and relaying, 1t braek 

to the conmund module with the obviour time delays apsoctuted with that. 

Tris matter was not rerolved and requires Narther conalideration, 

9, In order to avoid midweek travel confl! stu, we have found it necessary tee 

to abandon our plan *o nold these mectinga every other Wednesday, | The my 

next Micaion "D" Rendexvou: meetin {+ currently echeduled for Monday wo : 

afternoon, January &), 1 1:00 poem. In Biliding 30, Room    
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vy - } Bee List below para: MAY 1 0 1968 

ss | 68ePA= T2098 
From : PA/Chief, Apollo Data Priority Coordination aS wo 

- oe ‘wa? 

suajxct: “C" rendezvous open Item clea wp . oa 

1. Paul Kramer, Phil Shaffer, Due Morel, Bd Lineberry, and myself 
spent the morning of May 7 trying to close ous mJor open ‘tems 
remiining on the "C" mission rendecvous. ‘These itens vere; * 

a, How to handle an excessive nlip tn TRI time, agg ‘a 
me 

bd. What kind of cross checking mani hackup modes should be used for 
the TPI mireuver. 

This memorsndum briefly summarizen the results of our discussion. 

2. First of all, let me point out that without radar, {tt 1s important 
that the CSM does not approncn the S-IVB while In derkness since range 

® Information is only obtained visually. Also, the sun mst not be too 
near the linesof-sight - l.e., in back of the CSM - during b.aking for . 
the same reason. These two constraints can te used to establish a “window” 
of necepiable TPI times to provide optimm lighting during the braking 
phane, 

3. At thin meeting we concluded thet it is still best co locate TPT 
at the midpoint of darkness nominally. 

  

b. In addition, we have specified that tolerable slip in TFI time 
{s from 12 minutes early to 18 minutes late about that nominal time. 
That is, if the onbonrd solut‘on for TPT time, based on the first sextant 
rendezvous tracking period following NSR falls within that period, no 
steps will be taken to change It, (rt fe currently estimted that the je 
uncertainty of the onboard computation of TTI time at that point in the 
mission (a 4 mimites. Exceeding the boundn listed above by 4 minutes ta 
not ‘inacceptable, )} : 

      

c, On the other tand, if the predicted TPT time clips carlier than. 12 C 
minutes or later than 15 minutes, the TPIT elevation angle ill be ad justed y 
ns recescary to bring the TPI time back to the clonest bour!. ‘Thin {fa done = an follows. Let us avoume that at the end of the firet tracking period the 
TYT time ir foun! to be more than 17 minutes early by havirs run throuch the TTT program (73h) using the “olevation angle option.” Pik would he raeniind 
using the "TPL time option” and the srew will input a TPL tiv oxnetly 10 

    Bry US. Satings Bonet Regularly on tre Payroll Savings Plan



                    

ye 

minutes early in order to determine the elevation angle which will exist 
at that time. They will then recall P34 using the “elevation angle option" 
and will input that elevation angle. They will also relay this elevation 
angle to the ground in order that the MCC may determing a backup solution - 
for TPI. 

3. Associated with this, we have mide a small change to the crew timeline, 
Bared on latest trajectory information, it has been determined that the 
first se,tant tracking period can be carricd out about 16 minutes earlier 

than previously planned, even under the vorst po‘sible conditions. We 
are reacheduling it enrlier in order to insure adequate time before the 

neecond sextant rendezvous tracking period to carry out the operntion . 
noted above if it 18 necesanry. Specifically, the fires tracking period 
will now begin @) minutes before nominal TPI. Thin will occur no earlier 
then about eight minutes after local sunrise, 

kh. Deciding how to handle TPIT compariron and backup solutions was a much 

more difficult task. The following is cur proposal which te would be 

hard pressed to defend. Specifically, there are four parameters associated 
with TPI, any one of which could create problems if oxcesaively in error. 
Therefore, it is our proposal that each of these parameters, as computed 
by the G&N, be compared with the best alternate source. If the difference 
does not exceed established limits on any of these parameters, the CAN 
will have passed the test and its maneuver will be executed.- On the other 
hand, if any one of the four fails the test, a hybrid maneuver wil) te 
executed, each of its components being determined by the best alterrate 
source, In that event, the average "G" program (P47) will be used w 
permit the G&N to navigate through the mocuver, and sextart tracking 
and G&N navigation would be continued after the burn in order to obtain 7 
as much data as possible for post-flight G&N performance anmilysis. However, ~ 
if the failure exceeds twice the limit, we are arbitrarily recommending , 
that. the G&aN be abandoned completely. That is, no more sextant observationa 

would be taken if the indicated failure is that gross, 

5. The four G&N evaluation parameters are TPI time, and the three componente ~~ 
of delta V measured in "line-of-sight" coordinates, 1.e., slong the 108 
and perpendicular to it both up (or down) and left (or right). ‘The follow. - 
{ng table lists what we felt to be the best alternate source for each of : 
there parameters and pives our current guess of the expecte! 3¢ accuracies “. 
for both that syntem 1nd the G&N, .- 

  

  

                

— PARAMFTER [Bm z : BOURCE 3 BAS 3 (SN | ST VALUE] 
“{aS) 

Time of TT1 | FDAT 8 Ball 2 min Ad pies 34 min 

Los ay YOFK 1 fps & Ms 5 fpr 
Up/Down a¥ Backup Chart 3 fps kta 7 fpa 

Teft/Right @¥| Backup Char’). - j | _3 fps h sys 1 fpo 
oa foe J 
7 

- a Seat #



  

Of course it ip intended to replace the estimated 3o- values listed with 
those obtained by up-to-date analyais. 

6. It te readily apperent that «12 we did was to add the largest anti- 

cipated GAN error to the largest anticipated error of the comparison 

source in order to obtain the test limit. This rather simple-minded 

approach should make abandoning the PGNCS quite unlikely. On the other 

_vhand, it is felt that maneuver errors of that magnitude are not intolerable 

for continuing the rendezvous exercise, 

-%. The procedures and techniques noted above will be incorporated in 

all official couc.rolled documents, unless someone objects, Of course, they 

will then be subject to the same change control as everything else, 

8. One other "C” rendezvous item vorth noting is with regnrd to the NCC2 

mancuver, Recent ans*ysis hre shown that {t is not as likely to require en 

SPS burn ae was previously thought. However, since RCS propellent is 

precious, I understanid it is currently the flight controlicr's intention *° 

to reschedule it = delay it about two or three mimites - to force its 

growth to SPS alze (15 fps) if it “naturrlly” falis in the region between 

1O and 15 fps. 

rack, vard W. Tindall, Jr. . 
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at: IM3 AGS.W111 use Kearfott acce'crometers 
is, * mF ot 

   
u 

._Bob Gurdiner announced at Oeorge Low's April 6 atatf meeting that 
“there ary no Abort Sensor Assemblies *-atluule with Bell accelerometers, - On the other hand, one in available with the Keerfott Group accelerome ee eter - ahead of schedule. It is their intention to use this one on an LB. ae aoe, 

Note to Guidance and Performance Branch - ho, “fully you people fimily - should be able to get some real performincg-oformition on the AGS." wi 
TL TCE, 5 cn ao 
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‘ 
From 

sunject: No apecini vicunl reference will be provi'ied for the final 
: tranearth midcourse correction maneuver . 

1. On May 7 we revier~1 the need for an RICC program chance to provide 
& upecial visual reference for the crew during the last transearth 
mitcourse correction maneuver on a Lunar mission, We coneiuded it ie 
not needed and that no new programming or displays are required. 

2. The final transearth midcourse correction maneuver has the follow. 
ing characteristics, It ia scheduled to occur two hours before entry. 
At that time, the epneecraft {is located approximately on the earthe 
moon line about ™,000 milled from the earth. The maneuver is esnentially ‘f 
horizontal with reapret to the enrth « perpemficular to the earthemoon * 
line, 

@ 3. The primry subject under consideration waa the use of the earth or. 
the moon 125 a visual reference, This is partly a carry-over from using 

the horizon as a reference during the retrofire maneuver on earth orbital | 

miscions stnee they are similiar maneuvers ina way « both seteup the 
reentry trajectory. Unfortunately located an they are with respect to 
a hortzontal burn, th. earth and moon ure both located in the worst 
possible places for use as a burn attitude reference. Accordingly, ve 
concluded that our best course of action is to ure standard burn attitude” 
checks such as comparison with a properly aligned SUS and stars if they 

are visavie, 

“hy. It should be pointed out that lorge orlentation errors have relatively 
Little effect on thia unique maneuver cince components of delte V perpendi= * 
cular to the one we nre trying to achteve don't do anything. Thua, misuligne 
ment merely reduces the effective mngnitude of the Paneuver by the cosine 

- of the misalignment angie. 

daw cule )>¥ Kalu, 
Howard W. Tindall. cr. 
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UNITR&D STATES QOVERNMENT 

Memorandum 
Guidance and Performance Branch para; APR 30 6b Attention: FM7/S. P. Mann 

68-PA-7-91A Pa/chier, Apollo Dnta Priority Coordination 

PONCS/AGA clock synchren!sation 

During our "D/E" Renlezvour Data Friority meeting of April 9, Al Nathan reported that {t {as Likely the PONCR and AGS clocks tmiy hot be nynehronized to hetter than 3/8 of a nacond « at lenst if we use the procedures currently planned, Thte (a probably okay for remiervous, but I wonder wnat ft dome to our aavent and descent monitoring, 

T Juat wanted to alert you in ease thir fn somthing your people should be looking into if you hivenjaairaady done no, 

{ 
Wren W, Tindall, Jr, 

ees: 

PM5/T. Y. Bennett 

PAIHWTindall, Jritje 
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“ty Quidance and Performance Branch = patey APRGO 1986. 

t : Pancs/A08 clock synchronisation 

wa oe " : veo. 
__ During our "D/E" Rendezvous Data Priority meeting of April 29, 
x Al Nathan reported that it is Likely the FUNOS and AOB slocka may 

* PAIHWMndall, Jr. ije 
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Attention: FMT/8, P. Mann ae 

PA/Ohief, Apollo Date Priority Coordination © 
    Behe BE 

4 a 
Voce : 

ow
n,
 

a 
te
e 
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not be aynohronized to better than §/h of a necond = at leeat if Det 
we use the procedures currently planned. ‘This is probably okay for . wo 
reriesvous, but I wonder what 1¢ does to our ascent and descent ae 
monitoring, os . . af 

T just wanted to alert you in ease this is something your people - 
should be locking into if you haventaalready done so. ~ Ne ne, = 

4 

Howard W. Tindall, dro 
cet ye 

rM6/T. Vv. Bennett . 7 
~ f



  

- a better rendezvous guidance syntom than the LM, Thus, with thnt 

    

Memorandum 

“PA/Chief, Apollo Data Priority Coostimtion = <7. 

errs vents wn 6 
aT 10 Garten 

060 Prem (am ewM) ete 

UNITED STATES GOVERNMENT 

flee Lint below 

  

ES parm APR IO 1969 . BaP 

CEM should have yoow rendervous navigation in the lunar mission 

: \. 
*, Ap you know, I have been pushing to get the capnbilihy hack inte 
the commid module computer program te compute O82 and ODI vendexvoun wo 
maneuver targeting. The renson I consider thin veluable ta that with Ld 
both VIO ranging and sextant data, the command module potentially has = -. 

    

enpability, 16 could provide the comparison “yard atiek" for evaluating 
the LM FONCS determined mineuvers during a nominal flight and sould 
provide targeting for ite own mineuvere {f @ commind module rescue 
oltuntion ariaes. ae 

@. I submitted » POR for Colocaus and MIP revponded with a aix week 
program delivery achodule elip which, of course, 1a unacceptable, 
Therefore, thin PCR hae been added to the list of changer to be cone 
sidered for inter veraitone of Colossus, During our dincurston of this 
PCR, someone remarked that the VHF ranging device in limited to use 
for rangas leas than 200 nautical miles, whereas the nominal range at 
insertion is about 270 nautical milea, end that Lighting conditions for 
sextant observation wera poor prior to the CSI and CDH mineuvern. If 
this were true, it would substantially reduco the benefit of this : 
capability, and in fact, might make it impossible to vse the command ~ 
module ae noted ubovw. I have checked into the actual altuation for 
Lunar rendeavous art have found quite the oppostte, The tracking 
conditions are really very good. Attached to thin memorandum are : 
figures which ahow this. They were lifted from an excellent semorandum | = 
(6B=FuGh -17) written by a couple of Ed Lineverry's« people - dames D. ~ 
Alexander and Francisco J. %. Leon-Querrero, You will ebrerve (Figure 1) 
that approximately five minutes after insertion inta orb't both apaceorert. 
are in darkness which should mke eextant trroking ideal and in fact at no 
time after that and prior to TPT le the angle between the LM and the sun. i. 
Ag observed from the command module leas than 70° Furthermore, you will ~ 
note (Figure 2) that, even if “OO nautical miles ie a hard conotraint on 
VHF ranging, it should be possible to cet between 5 and 10 minutes worth: 
of tracking before CSI, which ehould do quite a bit of good. And, of course 
as Id Lineberry saya, there ta nothing sacred ubout dotng CGT that aeons ~ 
That im, by delaying it 5 or 10 minutes, we could obtain nn equal amount ‘ 
of extra VHF tracking. Of course, hopefully, VHF will work at ranges . 
arenter than 200 milee, perticularly, if we are willing to rnatrict valaes 
communications, (Figures 3 and h ave attached tr chow an equally acod : 
situation will exist on the "Fr" mission.) - oe . PT 

7s a nye 
x pot 

  

     

  

     

     

  

     

        

mes Sa Awe



  

3. My basic purpose in nendine eround this memorandum in to ciarify the 

situation by distributing thta data, Which 1 found very Interesting, and 

to reemphnsise the desimmbility of equipping and utilising the COM In 

thie way. 
ra 

wart W. Tindall, dr. 

  

Enclosurer & 

Addresnees: 
(Bee List attached) 

PA:HWTindall, Jr.iJjo 
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@ UNITED STATES GOVERNMENT 

* _ Memorandum 
To. |: “EPA/ehatrenn, Apolle Softwar Coustraration 

Control Poart 

  

ae : ba/eniet, Apollo Inta Priority Coondinntion 
> f: 2 aA 

SUBJECT: Reaulte of "C" Miecion Renmiesve.: Review meeting « April %:, 1968: 

ue ee ~ ‘b : 

1. At your request, T cet up a meeting on our current "OC" mission . | 
rendezvous problema with pert cv ipation by all brganications, intersted 
in thie activity, (‘Me attache: attendem Liet WOLD ahdw vor they vere 
well reprenented, Our gnsie pruvnorce oma to determin: eure vc etatus 
of the situation and to recumecs: vaere bo e6-from here with recerd 
to the problems «hles haves reecnbly teen caine te Ticats Conk aad 
and imaginative) propertly aro so rescit 6f che crew trating exerciser 
at ksc, . 

. 2. In cummry: ~- 

A, It te the conacneus font th? Sunde 

@ fiiaht « that is, progrem chances ant nee ropes 
: New 

bh. Post release Sundisk pooercm tenting t8 underway 64 further 
verify ite flisht rewiness. Result te date have been hi: tly sntige 

factory and no new program bug# nave been found. Thie testing in 
continuing, but contidence {x nteh that tt wilt be cumpletod nueceodtunly, 

ce. Amamber of open Tteme in Cha Grew procedures were discursed nyt. 
decinions were made witch Lill permit coneiatent, unified workin She wih 
future wits regard ‘o development of the cret timeline, eatmulntion activity, 
program verification teating, etc. : ; oo & 

, x 

4. A number of destrable prog! Lit aninges were discussed whteh enoitd 
be Incorporated in tue follow-on hy coat’ ¢ pormpater progreme. 

  

Ench of these (tems with be rnsiittel telews : : 
  

. rerdezvour exereice, currently eetertay, Wide ‘trite three frcclorvan 
. Ty are as follow: ' . 

5 _ . Laid out in tees cover tnx the pesto from the nN anewrter to” the’ - 
* terminal phases mideource mannuver \lw ee Sede! vty: lieing. pun-et BLE 
on their biteby-bit simlator, theft, “id aimiata, ant their dutta 

e.., . 

: Bay U.S, Sovings Bends Regabarly on the Pajrell Savings Mats, 
. | lof . moe a i. 

     
w9- pn 

 



    

@ ‘? 

  

engiteering almilattent prom, Math Payates deinen (MPAD) ie dealyndiny oo 

an additional min utiiicing the final crew procedturma, park of wien ane +2 

defined In thin memerondins MTT wih alee make hie Wile Aveo tiie te . 

Pilght feftwire Keine, thease topes pind are hebag mie a park of fiw — 

formal post relnea vorifiontion and wiki be wall darumented. : 

    

  

be trelve pendeavous baree tine ated bast Pane covering he pestle 

between RIB and betking nave beet fot tied hy MPAD ant Fifelt Urews Bout 

of thren tente wiht be run on fhe MEG bttebyab} t simileter and alae ob 

the Rome Amerteay MBelOt, ALP Cerlye of thane rin sre bee figt Prue eitiettt 

thee the MPT ere db cr bg: Geode Cob prep eat, the eo peivatent MAP 

programe, int the Li tabyabit aitetet can here ah Mi. Ming ef Ene Pui . 

fave already bern mde snd thea clad te Dave beets Ane ated vOry PAVEPRD EVE 

In addition, the TWEE WR) vomit aa oteb other tata peat cree tar pyaar Uber e : 

erunn have been delivered fr tae AM st Kc. th patpe cu. thie de to 

Drevin lt cakes con gyto ghey pay a orb oul Sfyat vom bor ety Th ve 

Ob te teed the Can beee pPngpory ob! yi aPoiagts debe, lacy ten  iatenet 

be WU Eh deters 

      

, ft, A completely coleperter ts tect phat te baemdes tare db by TW ood 

reviewed by MIC defining a ogerioe ef mit to lee mide on the laeat Witelte? : 

bit aimlator, 
e 

: 
se 

Th war five eeneanotir Lhvek pte ce: ‘Tome jetion OF Alb fabs beating shigubl sso. & 

provide adecmate: cunttdener: sn eth’ fer th tne db tne TUS mb catte re oh 

hy Brew Provedtures € 

In arler thet everyone me coopy on te lng the Bam apponch, we 

dteeursed and @hees tur fallow! ne eres proratures whieh phou hab ger 

considered oftherite That fa, they chould net te ehaned wl thout 

fitnre Alacunaton att widerpread Atanemination atnée oO many orinline 

tions tre voncerndds    
    
   

  

   
   

     

a, The flret and most Hinportant tnvolved the workuround procedure 

for the terminal phase midcourae maneuver taregting ctrogran (Pa3%). Jhon, 

Nhe baen decfteod ta nnd io thin preceam defiolanny by uaetenatade that: 

the CUM ntate velar rather thea bie CelVh atate vector be updated niged 

at pestint observations afters TTT, ‘Tate hage rlioten tat thin teehmiaque | 

works very Well, Tn fret, tt provider a theomotienlly perfect solutioneds 

hy thowia otro teetded Ghat ther sue would make 9 noecaLied “phowge 93 

ark” after the TPL evmeuver and pater te Dewinning novig tion: Thayer 

“aleetefon was made Hi opite at tie Past that MPAD gepeerentetived abt : 

net feet thie operation wir nreeecitys   



    

ce. The consenmis in that the "phony mork” ta pet necersary fol towing 

the midcourne correction mancaver und so ft will not be made nt that time, 

ad. It wns decided to set the Delia Roanmd Delta Yo test. param: ters 

to zero so that after ench sextant observation the crew will be foreed 
to cbrerve the effect of that obnervnation on the state vector, It will 
also cauce a program alnarn to occur, The primiuig benefit to be enined 
from this procedure te that ft will provide the crew with Informit on 

repardinen the trend of stite vector ehanves which will be hetptul in 

their miicing procers., It rchould be noted that tain ts the procedure 
currentiy in-use on aL almudater: at MIT, KBC, MAC, ete. Tt wns: ghnerywed 

that after more clmulator experionca. tt muy be danceable te Lond yatoe 

comewhat lntyer than zero fo simplify the crew operation a dtttde, This 

would be a minor modifiention te the precedure, 

e. Raced on the ctpong eeccamendation of MIT, [7 wan decided ta 

reinitinifce the Wamibeie duty the vecoml navigation perled betwoon 

NOR and TPL. This procedure was alse adopted over the obfectooun of MPAD 
personnel who intend to carry ont “itnre analysie to peovide their contention 

that itt fs not nesesrary and rerhiapa that ft ts even aumar.one. There wan 

tlso discusafon of the walne. to be used for reinktin) faation of tbe 
Wemitrix at this Sime, MIT currentiv propores 1,000 feet and 1 fpr, 

although Lt seems that wn lues as much as three times targer muy be 

recommended vefore the flight. 

f. The Plight crew tag concern over allowing the average "O" program 
(Peh7) to run continnourly after the seeond mideourse correction. They . 
are afrald that the aecelerometer boas muy introduce unacceptable error 
In the state vector. MPAD wau aiven the netion ttem of determining the 
effect of varioun levels of aeeclorometer binn acting over different 
periody of time on the range nnd rane rate displays. This {nformition 

should pive some insight Into how the yyatem should be operated when 3 

someone ostablishen wnat accelerometer bias we should expect. As of now, ae 
they will continue to run Pel 7, 

5, At leant two program modifications should be conaidered for future 
ecpacecrnift programs: 

a. It has some to light thet the Sundisk short burn BPS logie will 
enaune A opremture ene’ ne shut town smounting to about four fpe ag an requat 

of rome irnnecurate errnceerafrt chiractertrtics frozen in fixed computer 

memory. It ts recommended thot there parnmetern be located In eranible 
go that they may be londed after true values are known. 

be There is an Infurtating, ‘Delte V residual bounce" following 
spacecraft maneuvers whieh preciivie accurate maneuver execution. MIT



  

fg in the procesn of tracking down the cnuse of thie. Hopefully it iny 

he fixed in the inter programe or at leant maybe we wlll find out what 

it really is! 

6. Finally, KSC nimulator people were asked If any possible sassiatance 

not alrendy available could be provided to help solve their problems. 

It was thetr optnion that at this time they have a number of known 

. things that must be done which will subatantiully improve their facility 

and until these are completed, they feel no organized help from MSC 

or MIT would be particularly tespful. 

\ 

Uy . 
wrt W. Tindall, Jr. 

Ene losture 
List of attendees 

ce: 
(See attached Liat) 

PASHWTindall, dr.sjo 
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UNITED STATES GOVERNMENT bi 

Memorandum 
See Lirt below pate: APR 76 1903 

O8-FN-T-57 
Fw/Deputy Chief 

Pecalt: of the Apollo Spacecraft Software Conf.eurat on Contre) 

Board meeting of April 23 

ico memeraundum broet ly summyertom: the recuite af thru. 

orleirliis points out enteh PORT are approved or si upprov oe 

PCR Use GOP Chapter oo ersme to boloand Belo wi ary cove, 

fa COLQCEUG 

a. The following POR's were approved: 

eter 

jt 
(LY POR Lit - to permit storing the present CEM oo tbe ow 

while foiag cieelunar navigat on sc tint 

{ts subsequently needed, (t fr not destroyed, 

   
  

() POR 18" = w.1ll cause the eprcecraft entry rol. profile to 

be consinatent with crew procedures + {.e., 

provide horizon reference to (ngure proper 

aerodynamic capture at entry. This wan approve i 

at the cost of one day. 

(1) PCR LS7 + will change the location of the Lambert target ny 
parameters to be in requentind order in eraritd: 

memory, cenrirtent with the Univerral Update Precis 

formt (V71). 

b, Te followtng PCR's were not. approved: 

(1) FOR 158 - to change the entry rance prediction pro rus » 

"Aupekugel.” Sehadule costo or one cry. ten 
to next meeting einee the bonrd cou do net cloariy 

understand and make jucpment. MPAD de to provid: 

a formal presentation. 

  

(.)) POR 101 + Adding CSI/CD targeting Into tae rode: preteics 

would cort adi: weeke and omiy pet rl im rtor ye, 

Thin wan dina, oroved awl put ontie Celorow & 

Buy U.S. Savings Bonds Regularly on the P.syrosl Saviuce 

oo —  



    

hopper focbe revyoewed at the doe hedat payee te 

development plan meetin rt MEP og oe ei upd 

weekr, 

(.) TCR Lae - te provide a DOKY Lteht te indients Yire tata ve 

This was tabled unt!1L George Low's COR presenter on 
on th» hardware, 

3. COLOCSUS #.° (for miaston "D" and/or "E") 

TH following PCR's were approved (I think); 

se (TR Lethe pulee terquing ef the IMT to perm t onus erie cd 
tion flexibolity while avoid’ ne yp ombat boei. 

” 
bo. TCR 19606 will provide an antomitie “proce? te suis 

display format. when under peak reomtry “Oyo 

Wo LUSONARY 

Hho149 - ta pet renderveus radar datacom the oowrl ows whit oom ba 
lunar surface, MiP evaluntion ia faeempl te al tteuyt 
apparently the impect is aporauxtmately two daye.,  Tablou 

until detalled Information in avatlatia. 

5. PON':s: bY MIT (wight of them) are tentatively approved but wtb be 
formally reviewed at the next meeting. Moct are GSOP and/ur coche 

chinees. MTT feels nre necessary to make the program work oped meni rpc d- 
fleaticurs. There are several that MPAD people should fnyertionute befor. 

then, tan Mann is personally contacting thone concerned to pet their 

comments. If there is mo objection, they will be approved, 

onde ele. A +. 
oW. Tindall, dr. 

Addrescoes: 

FM/3. fF. Mayer 
3. F. Huns 

M. OY. Jenkins 

FMT g/t. bh. Parton . 
de oa feerboy 

Poo. Mueruh 

A. oS fteen 

wii ds. be bite 
FMP. ee Ie tey 

Re ot. Gravely 

FMS/R. i. Renu 
FMLA, Peehker 
FM?/S. Ff. Menn 

Reo, Noble: 

OM arene th Chie fe 

WM Wood dren! 
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UNITRID STATRS GOVERNMENT 

Memorandum 
few lint below 

para: APR 23 1968 

. HBa Pa Te BA 

PA/Chlef, Apollo Date Priority Goumtiant(on 

Descent Orbit Innextion (Dor) monitoring and nhort prncedurea 

are proposed 

TL. lometindi ratheat cabeesidt te enue eutoar Fioy Benneti’) Apri be 

Dengent Minvion Wohntques weekibe that Lowoute Line fo pasa around, 

Tt han to do with monituring the NOL mrncuvers 

2, Previounly, bn discurrtous with bd Lineberry's miscion planning 

people, it had been fropored tht Ef an abort should be necesniry 

within the firat 10 minutes or co utter NOL, the bent sechnique wae 

not to go through an entite eoulliptic rendezvous nequence, vut 

rathor wan to thrust back diyeotiy toward the CHM with wuffictaunt 

feitn ¥ to Insure closure and to ro nteatght inte the atandant braking 

procedures, ‘The deite V required to de this tr in the order of 10 

fps to be applied directiy slone the Lineeafentght. At the time of 

our discursion on thin, no one had thought of any reason for aborting 

in that whort period and so T did not tnelude this technique in my 

“Hainar Rendervous Abort Summary" memorandum, which haa nLready prow 

too leony, However, when wr constdercd monitoring DOT, such an abert 

aituation beenme readily apparent. pperifionlly, we concluded If an 

LM PONCS and/or DIS failure occurs during NOT « particulrrly if we 

have either overburn or underburn - we should use the abort procedures 

noted above, The alternate {3 to deiny the abort action and accept a 

LM renlogyous from above with either the LM PGNCA or DFG not working 

properly, 

4, The nyntema Avaliable for monitoring the PINCH contralied NOt burn 

are obviously the Ad and the clock, The latter of courses tn very emda 

since tt only takes on overburn of 13 {pea on a nominal 70 fps TOl to 

renult in lunar (mpact and this sort of dieperaion would occur within 

two or three seconde at half torunt, If the AGS or the burn duration 

tndionte PONCO har commnded an erroneoun burn magnitude, tt ie only 

neceaunry to piteh the TM to sequive rendenvoun radar lockeon to Pind 

out white up, Sines the COM fe Jorated directly ahoad of the tM diene 

this retrograde mineuver, the rangeernte indleation is al. that fa needed 

to determine {f the proper deita V han been attained or nat, We alro 

considered ute of the C&M VIF yuneing device in thin mon! toring, hat. 

quickly concluded that etnee ot dood not direetly rangeernte, ft would 

probably nat be very ureful. Of coarne, DOT ocaure behind the mon na 

MIFN ie out of the pleture, 

   

  

   

  

   

          

       

  

   

  

   

   

   

  

   

   

      

   

  



  

Boon the vent of on Bob Sebbnre, Ghee aM eraw eboudd ater tbe a grt 

alone the cGM Linear octet amd Maa b angi a edaaeting oo a aba! 

feofpe ee tap aryed on the conde vag pear Peoeeetybe ce dial, Gt 

Wwiy bk cbeabte foodie Cio avoneivedt by nt iin and ued, Poe tet 

Hen whith hes Lreberracanet pens 

4, Obveowtly, detat bed procetumen and nystema wt lieatian aie uly on 

the prediminacy deetgn phase on mil thio, On the other tind, the eoneape 

deueribed here fa better than anything oleae we eould think of end tn 

eeptatndy feneible.  Towerited: ti wake you avare of IB and rob cit your 

(howgntie 

ae De.) \e, Load cena 
Nea) We so 

Addiver cenit 

(fee Liet attached) 

PAStWTi ndall, drerde 
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UNITED NTATES GOVARNMENT 

Memorandum 
fee Unt below 

pais: APRS 7 1968 

terete ia 

rA/chiet, Anallo Data Priority Coon! nation 

Statue evaluation meeting « "ce" Minaton Rendesvous 

Ye An ine Of Sau arte prebtbly avare, we have Aoepecid WM or ety 

Rendlaepvoun mee CLA woheduled for Apri coy petting te ate, UN ite 

gob of Bullding + Trt. menrondiun ta to detine dtr partose, cut f 

underntand bf. Te be hlie to Inform you ¢hat another comewhd sede d 

meeting whieh had been aetedules foe April 65 royard ing COM PB ndevvour 

Ravigntion ia to be incorporated into thie Monday's meetin. 

po, Conetderabic trouble tea been expertonsed by the Mhighh cme. ara 

rentesvout abmintionn on the Cape AMI. Heview Of Puubbbak bend bei 

han Alno uncovered come Plo temo tn that compute ‘Qutite A sertea oF 

new program terata nnve been destanel end MIT, FOD, ani others are In the 

procens of earrying them out. yorkaround procedurre have been proposed 

for these known propram Mefletencien, At his april 9, oftware Cont urs} 

tion Control Board meeting, Mr, Kraft requested that Toseto up a meetin 

to determine what the nitimtdon really to and where to #o from here. Lt 

tn to determine Tf new Sindialt ropes tuat be made, Which, If apy, work= 

around proceduresr phould be adopteds to review the tent resulta and 

determine If additional tenting should be earried out and where, ete. It 

te my hope we will settie on some foritive recommendatd.ne at this meet inr 

to proposn to the Apollo Spacecraft Software Confiyuration Control Board 

on April 4. Anyone that. haa anything to contribute (n thin aren ins 

tnvited to attond ant partie! pate. it in very important that we get thea 

things aettied once and for all, if possibile, Ainge time La prowing short. 

Yo THe meet ine prevlounly ncheduied for Aprid co is somewhat related and 

cortatnly requires partictpation by many af the fate people, parttoularly 

MIT. Accomiinily, tt seemed logient to renchodite Uect meal tie truned Lately 

roliowlnt tha one di roused ahove, Tta purpore fA womewty Wl eceretit. 

peat ttontly, 4b pas becorin evident that thm operations) peapie, Grew vat 

Fhighth. Contreds. No rotomdnrtatan) very weld “how, Ue cen hag avnlesvoue 

pavistien works and how Well, This reating wie eet up in hopes LIne ve 

bout dtamife thle preecce In Ronemmthombticnt berm: to ive sane tuaturhl 

Snoteht Unta ow ft vorks, In addition, we wanted to yey we Lhe reenli ef 

the extonalive mnalyr 8 carried out by vartous organtordiore, Bpecs tyes’ 

the extent at the trojectory diapers tonn ner ayoteme: deprriatcote oh . 

been Tarver tigated: and the reaulta of how wal Pi perrermecs ‘Me pac 

  

‘ 

  Bay US. Savings Bonds Rerwlarly om the Payrell Sarina Plas 
eee



  

  

        the better the aperational people Who will be dtvedved ta the ae turd 

Light understand the system, the better the chances are they will 

operate it correctly. 

hy Tt tn not clear how beng it will take to go over all these Cina, 

no we are prepared to spend all of Monday plua Tienday morning, if tt 

turns out to be necessary, T hope you or your people will be able to 

Jjotnun, 

: ardent one 
Powarsd we Pindath, dle 

  

Addrenseus t 
(Bee attached Lint)
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UNITED NEATES GOVERNMENT 

Memorandum 
Hoe Livt lelow paTE: APR‘ G 1968 

HPaPhe Tel LA 

pA/Chiof, Apollo Data Priority Coordination 

"oO" Rendevvoun Mision Tebniquen Review 

1d. At tnehet tes pateyimiterty & foe ete EE dave beth 

Teehniquen document, ft fe dere door aumeroun om ottteat ef on Me 

working sroup involving Flist operon Hipestare’. FLO Gres 

Direetomte, nnd Bniineer ing rt oeve lopte i HP reg tate he peapte 

ant their ecnirnetorn, Alfie: there are ct LL known Saw and 

fome open ifoms, we have revehed a polnt where wider partcet patton 

te deatrnable tn devedoping the techniques thie decur at refileetr, 

Acvordingly, Weare dinteibuting (1 to you with the requect tna 

you and/or your peuple teyiow ff std ther come ta a enandination 

meeting prepared to comment, critictze, or what haw: you. 

Oo, At thia meeting, it Ir our intentton to go threugh tile data flow ~ 

In detail], to vive a complete understanding of the proposed mis fon 

techniques and to review and livorporate whatever urefal @hangen come 

up. ‘Thin meeting 1a currently scheduled for Thurrdny, Mry i) [a Koom 

7lo of Batlding ?. 

3. Additional copies of thin document may be obtained from Joanne 

Sanchee in Room 3068A of Pullding 30. 

    

    Howard W, Tindall, Jr. 

Enclosure 

Addyenncrns 
(Lew atinahed Liat) 

Ray US. Seviner Bonds Revularty on the Paveell Savings Plan 
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    aa me, a 

as a eS the 

UNITED STATFY GOVERNMI 

Memorundum 
Ber List below pave a”, GU I9bR 

bleh Me je) 

¥M/Deputy Chief 

Renuitn of the Apollo Spacecraft Software Confivuration Control Woard 

meeting of April 9 

Tin memorandus briefly cumuirizes the perulta of thet atibyfect moot ities 

For detat], I would su. fo son @ontaot the na : 

specific program chappe -e som you are {nter.. t ae UU wee tate 

that PCR activity doenn't orem ta po rlacking of. ons. 

A. SUNDAICR UTR 

1. Several PUR's were approved to reflect chinger alre: 

Program - to wit. 

  

a. PORTA Lit ana thh affect the delta Vo monitor, 

bh, POR PA ape dies te the rendesvorts radar reapeh routine. cf 

eLiminater tae vytomln tls attitude panekved when fhe mene 

angle exceed (0° dn order to avaid + DEKY display corticete 

2, There vere two FCR's to make the LM roftware and hardware 

eompatitle, 

ny TOR 182 war approved to Sian GADC FDAI error and provides 

MAL senle hricctton for 8° attitude error, 

b. PCR WAL woult have compensuted for some GARC hardware whicn 

doean't mect specifications but was not approved due to 

excessive cchedule elip. It involves the DPS trim gimbal 

Ainem whitch han come on when it ehouldna't. Tala bs ceria 

nmfomay progite cs Rerktwrre POG AL Jena yeh am ad 

Shei freecn oa howl COR, 

  

    
we Tytend fe aieete a the etgndt omnes or ft MP 

Verity sepot ont he PACT tht weet ah Merry, : past 

bot ocemd bo prevest cather DPR a. AGS meticiver it ot 

wYeny, Th woud bt hetter ta Maat cot mig cbebec ae nt ae 

tpey te override Pe NeCHaRAry 

  

Bay US, Sevengt Bonus Regularly om the Payroll Savings Pav 

 



  

P. TARATNATI TEMS 

e Leo The fobllowing FN no wets oppevedt 

. ae PCM s ton amd Det to date te the macent Lith off Cline compte 

a tations Pelu and bell, 

be POR G33 to pros de am abort: Cages ban orbit npeper af a 

tats priog toh vn gate and ¢) oom. after tiie ante (two 

daya). 

eo. PCR OURO ow an Improvement in the rite command atta tude hold 

enpabliity (two daya). 

d. POR 118 to simplify the proceed and Ip ‘ptt logle in Rl 

ee POR Sf whieh permtta uce of lartiag relar data oturting 1 

24,000 feet mrather than 25,000 Cent mith cute, 

f. POR 1h applies to the recdesvoun vadar senreh rout nes at 

eliminates the maitomntic avt étude maneuver when the yada cay ie 

eveeddn O° in order to avold a IEKY dieplay ceafitet, 

   

fe IUD whieh adte what may be an outotund ing eupubltity 

x deverying nomemo ar Pts own, Tt nermite pubce Soraadne 

d the IMU to ao new orfencation without making clear oboe ry. 

tionk. Tt te said to be accurate of 0.1 to 0. of tine angie * 

@ AQ through which the IMU is torqued, Maximum torque rate ic 1OF ey 

This could ve uned for example to aveld gimbal luck, Tt oly 

cacta two dayne 

he POTN redueat the UOKY update rate dn an eftort bo avold overs 

taxing the LOC during dencent after high gate. 

t. FOR 144 ta another adjustment in the delta Vi monitor mbrend: 

implemented, 

>, POR, the DE trim gimbal alarm C14 (pew Mundane ob), wie net 

novepted eines the oat wad aeven dard. A hardware fie be betaine 
taken to Low's CCM, 

‘ eOLOGSUE PT: 

Altaough tendenvoge farget ia cor oshe Ch band CBI rondo: vini meneuyer 

neoone bon ded ip tie arama Ce Allehtiy MEP we veduee bed fee 

fatermian Che qiapeet foe abddee the Pedp, Bead, Def, Dey pear ane 

sain Calanaas, 

 



ve The fallowl og ahangee weet approved 

hn. POR Ueth ta fix a proginmalag error tn the Inndmark 

tion program Pele. 

bh, ben Lin to permit Dachwatt tntege tion acroes 

of intluence. 

ce. PCN 1b. to restore the HCN deadband pr 

vhen the computer exits the Pelo or P 

4. The following vere to be held: 

n, POR Lar *o provide VHF ranging data pool discrete Liyht 

untib tne POKy Linhte are aval lables 

bp. TOR 1% to provide pulre torque reorientation of 

it would tiave cor 

(see Luminary "te") until Colossus #". 

peven dAyse 

hy PCR Leo had the dintinetion of being the only one 

Tt wan to aveld & Jinplay confusion tn the returnetocen rth 

prowram {Ye37)6 

And that's it for thin week. 

tf youtry« 
ward We 

Addresneesy 

FM/it, Pe Myer 

CQ. be Thine 

M. Ve donk tie 

ma/ke Be Ineten 
we Re GQuetey 

fg, p. Murrah 

A. Nathan 

rai fp, Ue. Pesdee 

wy Te Saewe de 

pMu/tia fe. Rrmadt 

fi, Werry 

PMO KH, lecket 

per /o. Pe Mann 
a. 0, Nobles 

pM/ Branch Chintc 

PHsietindald, Oretse 

  

the lunar uphere 

eviouniy web by the epee 

ahi thrusting program . 

turned down} 

Tindell, dre 

    



     
2 . 

nm 

rom 

sURyRCT: 

 Alaeen Uaamednn tie] 
ene ams OOM 
an Foten (a com) me 

UNITED STALES GOVERNMENT 

Memorandum 
Ber Viet betew pare, APR Out 9G 

Oe BTIA 
Mente, Apollo Bite Priority Conn! tivetion 

Reatey vou minenver Garget in: for putdance ityatem baokup 

S)taetne the "D/B" Hendexcan MP roan Teehrsdaue ment at Aled ” 

Vi, weepent on Vet ci time uibeete: ti fie deta Crumb ited tren bts 

yround ta Che apacecmagt invetvine cbe Gb oped CHO maneuvedies Tate 

dtnevenion, of eoured, gentered on how the cinta Phere pe thet td 

ded ton tentative conelus.on reminding the lrickup of those LM 

maneuvers, which ‘fs somewhat different than wo hed previously reached, 

The purpose of this memorandum is to point out thi difterenes.   

Ff. We bad previously coneluded that the command module cheult be 

prepared to make “mirror dive” rendesyou. manetivera In the event of 

LM preblome. We ted planned to faryiet the CRM with data obtn ced by 

the LM crew from the PONCE, The failure we had ino mind win preimairi ly 

propulsive, However, when you conn'der that the problem in tac UM 

could also be in the euldanee system, {ft seemed Logienl to modify the 

procedures allehtly, einee it fe no better for the commind module to 

make a bum mneuver than for the LM. Alro, It did not seem tht we 

were taking optimum advantare of tie DM rystema, partsoularly the AQ, 

Accord (ngly, we now propose the following: 

Roth the AGS and the CSM GAN will be targeting with erouid computed 

COI/CDH mincuvern panned bo the aprereraft tn External Delta Vo coordi naten, 

If for nome rewnon the LM CONCS computed mineuver fn net acceptanle, we 

‘would Clann th'a an a RING! fallure, Rather than carry out some renal 

time pyoteme analyata at thon time erition) perlod, they would nwiteh to 

the AG and mvke Ghe proumt relayed muneaver. Df game Gurther problem 

tn encountexyed prfar to the minenver, the TM wowkd ee prritve and the 
Sommaire? module wauke cont tage Pte cauntiinwi cond moe flee peround gampated 

Coc/ertt burn. Bollowtne: the pura the crew tnd ereund wot td attempt te 

aneertrfa whol the orentem fo inom attempt to cet the LM syatems rendy 

for the rent of the rendecvoucs 

his procedure viver two levele ot baekip (AGS ond CLM) ten Danes 
problem ound helpea keep the LM active,  Howrver, operntine, fm tite way 

would Pikely preclude either onpeu of rencorvoun micar data into the AG 

ov runnin threugh ite COL/CDH tareetine computations in order te koep 

i. in the best state of readiness to beckup the PONS. Shere bso otiki 

   



  

Aopperet of ret tenes Orta) te 
eamte hehers Teved blister meee ry. ThLT try te pet a devi. cg ri 

rege ft AGS Pr Othe ry whe ae 

NWAy, OH way oor the other, 

aul, Nmdatep, 
Howard Wy Tada, or
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UNITED STATES GOVERNMENT 

Memorandum | 
few Lint blow parar APR 7 1968 

_ bBePA TSA Py, 
Pa/Chier, Apollo Data Priority Cooriintion f 

suNjRCT! April 9 Lunar Reentry Mineion Trehniques meeting 

                  

1. Almont the antire April 9 Lumir Reentry Mission ‘Trehniques meete 

tng won npent in dincunaton of the econ! amd tiird midcourns correction 

mancuvern mide _on the + way back from the moon, Ron hecry presented 

rone renily Interesting data which I think aiven ua an insight inte 

the character of these mineuvers nevied to assure the techniques we. 

are doveloping will be effective, 

o, ft win noted that there are four modes for computiny, mideourse 

corrections in the Misnion Contrel Center. All rre deslgned to plnaco 

the spacecraft on a trajectory vhich hits the center of ihe reentry 

corridor, They differ by the additional contrecta they are deaigned 

to moete 

a, The firet and most sophioticnted determires the mineuver whieh 

will enuse the spacecraft to land at a specified landing nite (PLA). 

b, ‘The second rullevea the constraint for latitude tit will cnure 

the aprevarare to land at a apecified longitude (CtA). 

©, ‘The third mode dopa not conatraing reentry to occur at any 

specific place but rather determines the minimum delta V mmneuver required 

to ausure a safe reentry. 

d, The fourth mode doen not nim for a specific landing nite either, 

pit determines the optimam mancuver bared on delta VY available to wet 

the epocnnraft back to earth in the Least time, 

Of thene four modes, we aro primarily concerned here with the Firat and 

the third, That fe, we tntend to une the PLA mode for determining the 

firnt and necond miccourse corrections coming back from the moon (wco 1 

mtd MCC ©) provided the delta V cont {a reasonable. The shird midcourse 

correation (MCC 3) which occura two hourn hefore reentry “LL utilize 

the tlninim deLte V mode einac effretive Innding potnt endtrel is brat 

achieved at that po nt with the guided lifting reentry and wo want to make 

thin mancuver an nmill aa possible for safaty resnonis : 

        

   
   

    

      

   

      

    

    

    

   

   

  

   

  

    

   



    
Le MUR ODT dee emer bent nih ina the Rebel dein Yo npriee rect t 

mote hve pine cite FEAR new FERT eet (iee mrneneor rdbieda dt et bat 

boar Rp bode betore cntyy, while ra aed foe bath tr joctary ned ere 

timedtin reasons. According to Ron Berry thee oly component whiten teas 

A PLAHECTOna effect an the toaleahory in horcrontel (foe, cerpomlleatay 

to the eutinn vector, A dlopetiion of OLA feet per necnnd Crpa) tn fe 

harteonid direetion would gause ti epacreraft toate the entry corridors 

Port fey it wil eauee a eo depres ateperacn en FUTARE pit sees 4b 

the pecntiey inborfvce, Jboo mnitedmated thet MOP edeurney will contr te 

bite approeiaitely ons bat or tert taper: ton feewiug obs ook tae for 

naheaver Duyeting and exesution error. Thi ort of dfoper ton be nba t 

what we wold expeet, waleh imken the Dihedthood of having te weaned, BOT { 

mich grenter than we had teen peeviowsly been lea to bal teve, 

  

hyo Roth Herpy reported frat othe Mae? ate fo ommat aemettive dak tee: 

nab divectoon, Four (pa dio cerca in Uaat Atue than wid hou the 

fiTant poutiraemde ae fhe entry int ceaer teoetanes aA tered. APY 

eonatihemt de cigetans (any, che consemoi: wa thet we howl it ity Une 

erttechh eo had previously cotuhbinbed Por determinlag whelte por inal 

to execute MCG &, We had stated the maneuver would only be mile it 

inperaion in Clipht path angle wan cntiotpated ta be tn tacern of ote 

deoprwon witch we now know te be equivalent toa &otpr horisoutal mineuree, 

Them: or viiy cerned to be Uitth: reauon tor not reducing, tute Dlmite ‘ 

Ascarddiuriy, we have now notified the ertterdina such that wrenever the 

moreuver require? to being the spacearaft trajectory back to the eonber 

ot tie entry core(dot da greater than f Cpa it shoud tea mete, Mk bray 

the decision based on deita Voralher Luan flight path angle dlaperrion 

riap) ited the flight coutraller'ts job eondiderably Afare thet parameter 

reread? ly ovetlable toe ifm. Ohne othes thing Chat needa bo bt ompliai Pred 

theo thet Ch don "ante burn Cooimke dn the wma thet dt ls relatively 

fe Jnuenedtive ta direction, fiat in, errera in the direation we npply the 

mineuver ooly tent to reduce lto etfeativeness and ft ds nok untita 

0 depres error ts reached that any adverse effect would be felt. Ar 

nowitter of tiet, singe onty the hovtzontal component of the mancuvet® 

Troeffeetive in fntluencing the cutay titertier conti tte, conntdeatt von 

te obete etye fooopdentlia the maneuvers adieh herb po stined} teers. 

Proavadlatte when the meneaver dsomote, thin woutd intpatace delts ¥ 

Fompenent datsynh ta the destced (homlrontal) detia Vy but treat tae te 

camificant offeet except to tnerenne the maanttude of the born, 

      

S
T
 

  

+, Everyer: wag pequegted to see if thece was any feeson foro mt mkita 

oy watever when fh be not mboolutely necessary, Otharatse, wo wid) 

. preeeet as pated above, eben Toshoutt titak would make the probatllity 

of mikin thts maneavee cometh top Pike three out of four, 

be tt piterl db fant at our next + fetitty, currentiy mbcdured fee agr 

40, to review the micston technique : ow charts that URW os prepare ng, 

PT
E 

P
e
e



       
based on ane mrating up te thid tle, : 

nd * 
: 

Vacant Nv dans, . 
foward W. Mndall, Jr. 
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UNITED STATRS GOVERNMENT 

@ = Memorandum 
TO 1 flew Lint delow 

yaom 1} M/Chiet, Apollo Date Priority Coordination 

pares App} 6 1968 

Ge. TH TTA 

wrynot: List of "D/B" Rendervous open 3 tem 

1. On Apri 
Teohni ques 

’ 

1 8, we hat our fires weakly *o/e" fende wveue Mipaton 

meeting, We apent the whole time roing thawuphh the atta 

flew charte, ‘This memorandum le not really minutes of the meckote, 

but roiher a list of quentions and action items. We mre assum! ny 

that both the “D* and "E" missions will utilize the Colonrun CAM 

computer program, If thie turns out to he wrong for "D," we will have 

to go hack and make some modificationa on item which we nre attempting 

to flag out now. 

nw, It in necessary to entabliuh come port of deciston log!c haned 

on the trajectory altuation and spacecraft systeme gtatus for une during 

the misnion to give a go/no go for performing the reundegtvoun excrete, 

@v be Flight Dynamics controLiern (FCD) nre to check inte the enpati Li ty 

ef the [NCC to compute & REFSMAT xeferenced to the local hor!zontal at 

pom: noneburn Gime. Prevlously, we have been told that they cotld do 

thin, but the people at this meeting were not “oO BUTe. 

  

co, Ionm to recheck and mike sure the Sundirck, Luainery, ant Colon.us 

ALL have been modified to permit use of 8 ground computed SEFGMAT, Sune 

dlek, of course, requires an awkward manual setting of a far vit. 

dy We ettll hive to entablinh what REMAT the COM ohould ute Cor 

the rendesvous exerdiag, 

ft, ‘There win a lengthy Sincuanion regarding which spascerstt compater 

propram chould he operating during the period trom the undock! ne te the 

caparntion 
6" propre 

mineuver, fanienlly, tt waa a quention of whether the ayernge 

(p-47) ahould be running. Tf it were, the erew could atl tbs 

the FONG to monitor thelr nmll peparation mincuver, How ver, Here 

conenrn the aacwlerometer vias could foul up the Alate yectots Wer meet 

determinn whit tha degradation would be aver thia period of tit. 

ew. ‘Tra 

  

jeetory design people were requetted to bing the vir ction of 

the phaning maneuver in order to insure that a auitarla elertdon sie 

for TPT wll 
neoenaary. 

L pe nohievad in the event an abort tn ttc foot sb) aie is 

 



he BA Lineberry'’s people wert: also requested to determine the proper 

elevation angle to be used for TPZ in this event, Actually, we must 

eatablish the entire tochniiue to be uned inoluding such thingy ae whether 

or not a delay ahould be pinnned between the LM and COM TPT minauverr. 

i, Guidance and Control Divinion war requectad to report on inter 

ference to ba expneted in the docked configuration of the command module 

in the Cleld of view in the AQT. Docked elignmentr are plinned In these 

minnionn and it te necessary [0 eptablieh which dotent position shoul! 

ba unreds 

i 

Je Another Lengthy dincusnion Invelved the procedure for meeurnte Uy 

nynehronizing the Ada “elock" 
TL fo ptlil not eters how 

thin should be done. Al Nathan (GAHC) noted thet fom work on thin tee 

been carried out in their simiator which ne will report on nexl tines 

Althourh, it te anticipated that differences in the order of one conond 

are probably acceptable for rendervoun, something mach better than thie 

may be necessary on & lunar landing mission for purpooer of accent ani 

dencont quidanes eysteme monitor! nae 
Accordingly, it my be desirable to 

got experience on look alianments on these development flights compatible 

with the lunar landing miseions 

k, FCSD will report next time on the manner tn whieh the PUNCH and 

AGS will be used during the phasing burn, Primarily, quentions donlt with 

what sort of attitude the AGB would provide prior to the turn (inertial 

hold or orbit rate torquing). We are also interested in how the FORCE, 

operatinn in the p-30/P-k0 programs can be faked out during the AGS burn a 

fo that it will navigate correctly to provide the capability of trimaing 

deita ¥ reciduals. 
, 

2, The next meeting 1a acheduled for Monday, April 15, at. 9 @m., Room 

30h of Tulidink h, where we will continue the tedious process Df polne. 

through the Clow charter, We will atart where we left off « on puge i. 

& mt 

Howard a f anss, or. 

Rnelosure 

Line of attendern 

Addresorens 

(See Lint attnohed)  
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UNITED STATES GOVERNMENT 

Memorandum 
FA/C. C. Kraft, dts + 

6AwPAcTeYSA 
PA/H. W. Madall, Jr. ‘, 

"Any time” LM lift off ia an unnecessary conatraint 

No big deal, but I'd Just Like to point out that T don't agree with 

something in the memorandum to TA/Director of Gclence am! Applications, 

dated March 19, 1968, subject: Operational constraints for the fourth 

lunar landing mission, which you signed. It stated in part, "It is the 

opinion of the Flight Operations Directorate that the requirement to be 

able to rescue the 1M from an "any time” launch phasing situation cannot 

be eliminated. However, the "any time” launch rescue capability mist be 

ayailavle only for the first CSM orbit after LM landing. For all subsce 

quent CSM orbits, only an “on time” launch LM rescue capability is 

required." 

As laid out in the attached memoran¢um, I think we have established 

good go/no go for lunar stay technique and I don't see why there should 

be a requirement for "any time" lift off after the LM has been on the lunar 

surface for about 12 to 14 minutes, After that, we should always constrain 

the launch to be on time - to coincide with the discrete time about once 

every two houre when the command module pasees overhead. Of course, RICC 

and onboard programs are available to permit launching quickly at other times 

and for determining the proper rendezvous mineuvers to be mde, But the 

point is, I see no reason to provide allowance in the propollent budgeta 

for the large maneuvers that would be necessary to handle the worst phaning 

case, nor is it necessary to keep the guidance system in the command module 

or the LM powered up to support "any time” launch. Also, I think very little 

emphasis should be given to planning or simulating launches at times other 

than those specified above, etc.. 

    

        

1 would like to sae the Apollo work proceed an we hnve laid out, until someone 

shows ua what ie wrong with tt and would appreciate you letting me know ff . 

you don't think this fea reasonable way to go. Let's simplify the mission 

and put the burden on the “any time” lift off people, whoever they are, to 

   

  

    

explain why we need it, 
— 

, canara L 

fax % re 
v he. 

Howard W, Tindall, Jr. a 

Enclosure 
iff . 

* a Uke 

eet ~. 

~ (See attached list) - 
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AP ow 

tdeaui fre pr wet , oldte ae ow 

3 FM/Deputy Chief 

optimum 

Thie meno le ta inform you of a simplification Mi RIC pmaram requ! rennet: 
T recently approved, Aq noted bylow, the capability we are providiae appeark 
to py adequate mand the aunt of the optimization Ja intomoaninie with the 
benefit to bo gained, ‘Tix reat of thie mmo ta lifted almost vertatin fon \ 
one Bob Frnull wrote to me, 

Gulte a few monthe ago, \t was agreed by MPAD, FCD, and PSD that na ol roume 
lunar (flyby) mode would be included in the RICC mideourse -rozimm for 
alternate misatons and circumlunur aborts, One protlem we sere particularly 
concerned about waa the case where we have to get back home with the RCo 
only: thin implies both a SPS failure end DPS failure, or fallun: to a? 
extract the IM. after TLI. Recause of the limited delta V available trom 
the RCS, approximately 150 fps vor translation, the guideline entabLished .. 
wae to develop a program logic which would provide the absolute ‘ainimum 4 
delta V solution te innure safe entry, 

In trying to develop a program which would compute the “optimum” nolution, 
we ran into mny protleme, We have reached a point sow where even though 
program development {n not complete, we probably know how to buiid the ~ 
program required; however, the running time on the RICCO computers ranpes 
from 70-0 minutes per solution, We have examined way of reduetng tuic 
time and do not cee any ponatbilities which would effect ary significant 
reduction, Although this might be acceptable during an operation, imagine . 
the computer time and effort required to cheek [t all out, . 

During the evaluation of computation teenniques for the “optimum solut lon 
it was found that a very near optimum anlution could be found uring a 
atmple computation procedure baned on a “returneto-nominal” coneept. ihln 
concept almply takes advantage of the fact that the nomine) perleynthion 
conditionn which wem optimized preefliyht, wilh atiiL be very near apt tmin 
for any aml) midcousse maneuver, Since for the RCS problim we are by 
definition conatdering for the flyty rolutiona, pet an ansver which {= . 
nevr optimum and avoid the Lterative rearch for optimized verteynthion 
condttiones., This reduces the run time from [0040 minutes ‘or the “optimum” 
solution to is° minuver for the “retirn-tosnominal" solution, 

Bay US. Savings Bonds Regularly an the Payroll Saviaes Plan 

   



      
           
     

    

The next quention ta how much delta V penalty in incurred 'f we deeltde to 

implement. the eimple and fadter computation technique In the RICC. lt cnn 
he shown that the “optimim” aolution will cover B-IVA injection errors ’ 

5001004 larger ‘hin the returns«toenominal, However, these dispersions mist 

be compared with the expected S-TVB Jerdtapersions to get a true picture of 

the attuation. This comparison 
     

     based on the assumption that up 

the add{‘ional SO fps {s reserved for subsequent corrections. 

  

Summarizing, in order for the returnetosnominal solution to be inadequate, 

we have to have an SPS failure, @ failure of the DPS (or no extraction) 

and a S-IVB dispersion twice as large as the predicted 3O dispersions. 

  

On tnin basic, und considering the major impact of developing, checking 

out and verifying » program where éach run takes 70 minuten or mora, the 

decision wie mate to deleto the requirement for computing ar optimm 

flyty rolution and une the return to nominal technique, T hope you agrve, 

areebeneadanp. y 
Sa W. Tindall, Jr. 

Attendess: - 
(See list attached) ' “. 
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UNITED STATES GOVERNMENT 

Memorandum 
Rea Lint below DATE: 

Olle PAeTePU 

AOR 8 we 

PA/Chief, Apol’o Data Priority Coo.<iiaation 

fom lunar mission earth orbit phare ground rules 

4, Dsould like to mize cute everyone o0 BwATY of come cape rtont © 

n@.sten: whieh were gue at Ron berry’: Miacourse Poace Mii ston 

Tes antqaen qeeting On Apri k %, Mey have to do with opers':ofs. dust te 

‘ne earta parking ord.t pine ; Prior to TI on» dunar miruitne 

cay Current planning nvolves perforaing the LT mnauver ct the Sart 

orportunity. For Atla tte intratton, ‘hi. Can esur Approx moels one 

ant @ naif houra afte launch, Ieois important tant the ef arts av nhl 

ene or anizationa be no accoriance with enat, Te it de determined tit 

some activity prechuda TLL tate roon, tie renponatole organteatcos shoul! 

make thin known (med ately, Aa noted previously, it hae beer estabtichod 

tit no apacecraft plitform ollenment is required prior to he first 

opportunity LI, whic: helps the crew time line, 

2, One component of she go/no go tor the first LI opportusity ts valida. 

tion of tha SeIVB IU state vector, Since during the firet sevolution we 

are urable to generate an MOFN state vector superior to the antic! pated 

TU's, the cheek can only be gross, The actual parameter to be te:ted will 

be menttude of the anticipated midcourse correction, Tre orfter a will be 

based on how well we will te able to determine right from wrong father than 

on reasonable muenituie of the midcourse correction, we woud be willing to 

accept operationally. It will be a function of MSFN tracking covernge 

available prior to the go/no go decision, 

bh, In orler to avald having to wike unnecensary Fentetime feciciona, {1 

ada4ttion to all the associated preeflight analyrte and arrunenta to sctablish 

the decision logic, se have established the following grount rules: 

rn, Wo will never trancmit a ctate vector update to the 6-IVR Tu for tne 

first TLI opportunity. 

by We WiLL Always trannmit a ntate vector uptate to tre feIVB TU tor 

the second TLI opportanity. 

ec. We will always tranomit a state vector update to th: COM G&N for toe 

firat Tt opportunity. The state vector to be aent to the “SM will be orta ie! 

vin telemetry from the SeIVR IU. 

Ray U.S, Savings Bends Regelarly on the Paveoll Savinys Plin 

 



          

Ti; intention, of course, ia to always use the beet ntate vartor, During 

tes fips* rayoluttion, the TV atate voctor should be superior to ony other 

equrne and thould be acceptable for une, Thue, there will be no Treaaon 

to upinte the Tl end ne reason not to update the GAN, During the secon! 

revolution we can be certain the MOFN state veetor will be adequate for 

wulding through the aecon! TLI opportunity » at least ae gool an, or better 

than the feIVB TU ntate yeotor = which means no harm te done by fending * 

a’yte yeotor update, but It can impcove the aituation, There Ja reanon 

fe ouspeat that MEIC may not approve this ground rule (r) bus dt comme to 

-. tae harden of proving why we should do something elay in on them 

". fda of thin wilh te documented be detasl In the minute at tie tess ine 

Torope the anatrmain Wil) cacuse By ncouping Rim, but 2 fully 16 denice oo 

hivertice and enpnanice there things sinee they huve & aipnificant influcnes | 

in the procudurea we nee Lmplementing end you ehould all be aware of thet, 

Ju 
ra.W. Tindall, Jr. . 

Ad teerpeeat . 

(See Liet attachea) 

%



1 

  

Aaa BS a 

» 5 ie 

Bee: 
a 

: \ 
as ns , sta eS 

MS i * 

4 4 . A : id {1 can Lm 

hw rTINAL Pome ne 
. 

MAY sete atwT oe 
ba renee (a OPM) WHT 

UNITED STATES GOVERNMENT 
‘ 

~ Memorandum 
got Bee List below 

parm APR & 1008 

6BePA-TTPA 

yrom | PpA/Chief, Apollo Data Priority Coorvdinetion 

suAyRCT! Sextant Rendeavous Yavigntion Review 
‘ 

. 

1. Aa noted in the attached memorandum, I would Like te request your 

aotive purtiedation in fi meating on Aprit, 7) to yoview for "C" miaunion 

operationn) personnal the work your people have done on COM sextant 

rendenveult nuvigntions think, in ouster to {neure proper ure of the 

OOM GaN during the apaceoraft 401 FLight, it ts fimortant that they 

understand how it works and how accurate it should be, Accordingly, eA 

T vinualtye it today, the agenia will eonriat of two parte, The firnt 

should be devoted to explaining tn nou-mathemticon] terme how it Je 

ponnibis to do vondervoun navigention with the pextant and the cecond 

part will bo dovoted to reviewing the renulta of the analyoin which 

has deen done by varloun organivations in an effort to eatabi inh 

anticipated performnce. 

2, We huve rererved Room 1G, Putiding 2, for this necting which wit 

vegin at 9 ame, On April 5. 

yoward W. Tindall, dr 

Enclosure 

Addressecs} 

cr/P. Kramer 
0. Ineobnen 

ra/R. A. Gardiner 
F5/L. C, Dunseith 

J. McPherveson 

MIT/IL/R. Re Ragan 
. 

Fauwtinial, oresde 

Nar i Qaroclamp . 
s 
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UNITED STATES GOVERNMENT 

Memorandum 
flen lint below BATRI API a ra 

6BePAcTeTLA 
FA/Chief, Apollo Data Priority Coordination 

Misalon "E" Rendezvous Data Priority meetings 

1. Thle momorondun La to report the meager accomplinhmentn of the 
Second ant Tint "E" Rendezvous Misalen Technique meetingo of March 18 
and Aprtl 1, 1964, 

ey Much of the Clirat meeting waa deveted to trying to underatand what 
the peaple responsibie for AGO system teating were trying to acecomplinh 
in the misrion, in order that the techniques developed would be compatible, 
Essentially, what came out of thia lengthy quiz session {9 that they do 
not want the AGS roinitialized from the PNOCS, they want rndar date input 
between the COD and pseudo»TPI mneuver during the firet hnlf of the 
rendervous exereise, and they want to execute the mineuvera ae determined 
by the AGS provided they fall within acceptable bounds. There was a 
hopefully erroneous impression that a well thought-out syatems test 
tneluding poateflight analysin procedures doe: not extat which vould 

3. A substantial part of the latter meeting was devoted to the poraldility 
that LM RCS propellent will not be adequate to support the currently planned 
rendezvous exercing, The mission plan fe not our responribility, of course, 
but significant changes to it could impact our works severaly, It {n anti. 
cipated that the FOD and ASPO minaion deaign engineers will get this all 
straighten out soon. My impression was that if the LM can not fly the 
"Dp" rendezvous, it ean not fly any rendezvous. In any case, at this meat. 
Ing, we proceeded on the aseumption that the trajectory, as {t is currently 
planned for the "D" rendervoun, will be used for the "£" rendervous ea well, 
We spent some time bringing those people not familiar with "D" up to date, 
Thln included a dencription of the mirror image concept for targeting the 
command module to back up LM mneuver and the procedures which are beginning 
to take shape for aborts from the footbnil trajectory in the beginning of the 
exercice ani the preudo-TPI half way through it. A lengthy inconclusive 
dtscusoion on how to ‘compare and use the various ayetems for the TPT maneuver 
ended the moeting, 

4, A few things that have been definitely establioned are as follows: 

a. Tt wre atnted that we want to make a PNOCS platform drift teat 
before we embark on the rendezyoun exorotne, Thin meane making two fine 
Allanmenta apaved tn time sufficiently to observe excess've drift, This 

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

   



              

   

as we make a fine alignment tn 
{no almost impossible to accomplish unle 

the docked configuration, * Therefore, that activity 

the operation.       
{e being included In 

and decided to alweys update 
Dd. We reviewed a previous decision 

targeting for the insertion maneuver. 

one that takes the LM out of the football trajectory. 

for always updating is to 

eriterin to make a renal time deciaion of 

point Lo thin exercise in bury enough already wi 

an! {t would have to be included in the timeline anyway. 

Thin maneuver, you recall, {s the 
The primary reason 

eliminate need for developing the logic ami 

whether or not te update. 

thout ndding an extra tack 

        

   

  

there reemed to be 
e. With regard to the mirror iimge CEM targeting, 

two riternitives which 

fullure recognized well in advance of the m 

pulsion failure after ullage put before main e 

thin must be taking this into account In targe 

fr Lineberry was given the action item of establiching 

te incorporated in with maneuver bingt 

gate for the one minute delay in CSM lanttion time. 

Enclosure 
Lint of attendees 

Addresseer: 

(See attached list) 

   

          

   

sort of system 

neuver and vome sort of pro- - 

neine fenition. 

ting the command module. 

thin technique to 

ng already being provided to compene 

mut be tiken into account, some 

Accordingly,    
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UNITED STATES GOVERNMENT 

Memorandum | 5 ae
 

Beo Liat below DATE: 

68-PA-T.TIA 

PA/Chief, Apollo Data Priority Coordination 

Mtcalon techniques for the LM lunur etay go/no go 

' 

tL. OAS A PeoULE of cove re. meetings ou the subject, D think se have L 

Vinally pirated down pou to iad tae pefne ro uceision to bs made » 

MET TaAte a orbex LM luna ng on tue my sukiesg., inis kamorandiis 

is to report the techn ques ard to solicit your comments, 

2, LM systema pcople +f tne Flixat Contre] Division have studied the 

problem of evaluating vritical systems when the LM firet lands on the 

lunar surface and feel certain they should be able to give a go/no. go 
within two minutes for all systems with one exception. The one requiring 

a longer examination period ls the ATS propellent system. The problem 

with detecting leaks in this system is that during descent, differential 

temperatures build up -n the structure which make {t difficult to interpret 

the inetrumeniation re-.dingn after landing, until a period of about ton 

minutes has paused to vermit them to stablize. They fewl confident that 

they would be able to ive a complete go/no go in about that time. Accord. 

ingly, the technique we evolved includes two go/no go's. . 

3. The procedures wilt be more or less as follows. Immediately upon 

landing, the crew cuts off the DPS manually, but retains the muidance syatem 

in the descent program while both they and the ground eveluate the LM nrystema. 

Although this task takes only about two minutes, it has been determined for 

rendezvous trajectory reasons to be preferrable to wait about four minutes 

after touchdown before launching if possible. (There ie nothing to preclude 

going rooner, if that Ja found to be necessary for such things as the spaces 

eraft tipping over or something else requiring immediate abort.) If at any 

time during this period through the go/no go decision, it im decided to abort, 

the crew would "abort stage," a technique which provides instintaneous launch 

with no external targeting required, If the decision is to not abort, the 

crew will proceed out of the deacent program and call up the IM ascent 

powered flight program (P-12), input via the DOKY the desired lift-off time, 

and preceed through 4 stindard countdown to launch. Again for rendezvour 

trajectiry reasons, the .ift-off w'll probably be delayed between 1) and uM 

minutes after touchdown, Note that after proceeding out of the deacent 

program, inatantancoun lift-off in no longer possible; the eres must go 
through the regular procelures associated with Pel2 although, of course, 

no platform alignment is required. 
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kh, The flight controllern will continue to evaluate the AIS propelient. ‘ 
ayatem during thin tim ani will aluo determine (f the PNOUA in functioning 
properly, If it ia, the AGO will be reinitialtned and realianed, diven | 
a recommnlation to abort, the ornw will continue thelr countdown to 
ignition and perform a normal ascent, Otherwine, they will exit Pall and 
remin on the lunar surface until the command module completes at leant 
one revolution, 

5, Olven pominnion t> stay, the LM crew will carry out mary of the norm] 
provedurse reqnited ty lvuner, when the comand module goes cverhend, nimont 
two hours Liter, Inaluling setatveting the ascent program art carrying out 
platform niienmente wo ng veavh of the di¢ferwnt modes avalible, The 
purpole of thin nutivisy, of courur, is to launuh at the erm ox thie tiwe 
hour period If nocesoa*y, or in tne Rormi case, to determiss if there 
will be any problem in countdown required at the end of a nermal lunar 

surface #tay. 

6G. LZ would like te clarify the recosmerniations given above to delay lift. 
off a couple of minutes longer than it takes to mke the first go/ne an 
decision, Acconiing to the work of Bt Lineberry's people, )rimarily 
Jerry Bell, the time t> rendezvous will be two revolutions, in any cnaes 
‘but relection of the cotimum lift-off time makes the rendez\ous nequenc 
essentially nominal after the first revolution with regard fo such things 
as maneuver scheduling and menitude, slant range, differe:tial altitude, 

ete, It also mkes it poantble to do a platform alignment ¢fter innertion 
inte the orbit. The reduced slant range and accurately aliy ned platform 
should reault tn better onboard rendervous radar navigation and maneuver 
targeting which chould substantially tsaprove the rendeavoun operationally. 

he rame sort of comments appiy to the abort after the APS 10/no go, except 
in that case, the rencezvous will require three revolutions. Ed Lineberry's 

people have the action item of establishing the epecific preferred lift. 
off time of each of these go/no go aituations, It should be noted that the 
times will probably be referred to initintion of powered dencent (PDI) 
rather than time of touchtown in order to make them indepemient of hover 
time, a variable that significantly influences the phasing of the command 

module with respect to the LM. 

% This all turned out to be a pretty etrnight forward procedure, It 
neem: to provide plenty of timo to do what im neeensary ant doen not involvo 
any Unique or apectal procedures, Unlenn romeone can ahow tin what tn wrong 
with it, we will prea: on aa noted. 

—_ 

a 

orn Qu N cv 
Howard W. Tindall, ur, ’ ‘ 

Addresses} 
(Bee attached list) , 
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Memorandum - 
Bee list below para: APR 4 80 . 

6BePAsTTOA 
PA/Chief, Apollo Data Priority Coordination . 

Lunar Reentry Micalon Techniquen meeting =» March 2} 
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wade On et. OL, serio Minslon Teehnigucc moeting a 

Couple OF weke avo. 4 vOUple of Liaig. cums Up tant I snoud provably paca. 
aroun. : 

    

  

eo Firet of ull. them are three mther coll changes which should he mica 
in the apaccuract computer program, at leaat in that version of Colossus te 
be used for luniy reentry. The first and least important of those Ls to 
change the roll attituce commnded by the G&N during the tim: between apace. 
craft neparntion from ‘he survice module until 0.05 g's to a bank angle of 
zero degrees (lift vector up) instead of 15° bank angle. Tho ia Geairable 
in omer to mike the attomatic system do the sam thing the ilote will do 
if they control attituce manually. The reason we want a lif’. vector up 
orientation lo to provide the bert posa!ble horizon attitude check to Insure 
proper pitch trim angle during initial entry into the atmoapiere, The program 
should also be changed to give a horizon reference until aerodynamic capture 
ia ascured as the spacecraft mikes its second atmospheric entry after a skip, 
Since it is intended to fly in the eutomtic GAN mode in thir region of the 
reentry, it is felt this program change is mandatory. ‘The tiird change ia 
to mike the DGKY display change automatically from one cet of paramtera to 
another during the peak g@ period eaince it will be Impossible for the erew to 
key the computer under those conditions, The specific change ia in P.65 
to mke the display chaige to inertial velocity and altitude rate after a 
displny of predicted exit conditions (Du and VL) for a fixed period of time, 
such e6 ©) or 30 seconds, Jon Harpold has the action for pry paring and 
submitting thene program changer, 

3. We pont come time {incunsing the thimt midcourse correction (M0C3) which 
in acheduled to occur tvo hourn before entry interface if it ta neaded at 
all, ‘on Revry prenentid some informtion to «how that thin maneuver ip 
likely to be very small. For example, it only takes & fpe t change the 
flight path angle at th: entry interface to 0,36° which ts tte moximm 
acceptible dispersion. This seems to imply that very small élspersions in 
the trajectory would cnine us to mise the entry corridor wittout MOC3 which . 
in contrary to what we have heard before, Accordingly, Ron haa nacepted the — 

mideourae correction on the flivht path angle at entry. He +111 elno leok 
inta tne effect of deltn V reaidunala in MCC3, In addition, se requested that 
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he stetermine the anticipated direction this aaneuver should be applied . 
vinge It ceeme likedy ts be mther pretigtable aa opposed to completely 
mundo. The reanon we are interested in thia, of courne, ia that if ve 
could catabliah e pveferred spacecraft attitude providing a yood outethe- 
window reference we would ell be a little more confortable nbout executing 
this mnenver, And, If It ts ameld enough we might be willing to accept 
the additional delta V costs of burning it off in control axis components 
rather thnn along one npaeceraft axis. In general, what we have asked . 
“bh to da too tat cop: data tovether whieh will aive ue a vetter inalght 

  

wee tne Cokte ona ta oP BEG, 

intem thi diceussion with regard to She MG. 
oh Gt th coat aaa. wy wlth regen lo ranging _* 

Ye oueeifa: ta: TMU uae its rangeetoeo counter initialized      
  

    
Vosed an orenal Coma .iviiue: of tit paramiter at a predicted time of 
MOOD ey tbe Tt ante na tough we: would be Lot better of f Lf we 

pot fg netuadiy cture cis EM. cunning ut the prealeted time of a.05 pte 
mathe than when 0.05 ¢'s 1s actuslly censed. For example, typical time 
daspercion: fer O00) gis ate as high ar 20 seconde. And, since the space. 
craft is tenveling in the order of six miles per second range-to-go 
display would sutcmiticailiy be in error by about 100 miles. Accordingly, 
everyone wan asked to :ook into the desirability of manually starting the eo 
EMS besed on time ar opposed to ietting it be done automatically based on 
sensed acceleration. 

S. Several potential checks have been identified to verify proper perform 
ance and develop in-flight confidence {n EMB which T expect we will include 
in our flows somehow. For example: 

a. Tt should be posible to compare the EMB displayed maximum g 
aguin:t the predicted value, 

bd. It should be pornible to determine if the range-toegc display is 
behaving within limita of being right. 

ec. It In possible to nea if the predicted yelocity at the time of 
aia as the spacecraf skipa out apreea with the value predicted hy the 

vround, 

d. There should be a continuous comparinon made of the g's nceelerne 
tion an indicated by the FMS versue the value displayed by th: g-meter, 

6. Jon Horpold wns given the action ttem of determining the oitch trim 
angie which should be experienced when mking the horizon attitude check 
during second entry. It want noted that thia quantity need not be obtained 
In real time but will be known well in adwance of the flight.  



  

J. We wlll probably ret up a 

week to pa through the flow 

renults of cur action itemn. 
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nother meeting within the next three or four 

charts ae rodified today an! to review the 
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waysoti Bighth and Ninth "0" Mission Rendeswuus itiseton Techniques meetines 

<4, Moat of the March 15 and 22 "oO" Mteston Rendezvous Mibaion Teohniquen 
meetings were devoted to discussion of onboard re: eryous_ Days with | 

he sextant. This wae brought a! vather eee serena 

tel e at flight yrew and_a_pumber_ of "wOntrellers_on_the 
“ Rennedy Space Center mission simlator earlier in the week, What apparently 

happened waa that whenever SwXtant cute was used Th the Féieavous navigne 

tion, the resulting maneuver targeting vaa screved up. Ir addition, the . 

dieplays the crew used for working their onboard charts seemed to be 

erroneous too. Aa a result, they Lad el] lost confidence in the capability | 

- "ef the sextant to do rendesvous navigation and felt that either mich more 

reliance mat be placed on ground targeting or else someone should explain 

why it was okay to keep on going like we akay piven years of. Dudamouthing 
etart a. the sextant, I find it difficult to sudden defending 1¢, But an 

avfu, 7 

have Bome iisefulness, However, it is obvious there ie « serious problem 

” somewhere, either in Sundisk, the cape simlators, the procedures, or 

nomething. Whatever it ia, it haa to be atraightened out right avay, In 

addition, it 18 evident that the operational people, Crew and Flight Control. 

_ do not understand very well how the sextant navigation works and how well, 

so T volunteere’ to net up a special meeting t6 be devoted entirely to this 

subject to review the vork of #11 organisations who have done work on this 

eystem ~ MIT, MPAD, OCD, MAO, Yesp, ete, TI will try to get it organized for 

April 25, if that suite everyone « and will let you know, / 

    

   

  

©, One interesting thing that came out of our lengthy discussion wae that 

the only real testifia of the rendezvous navigation programe has been on . 

/ the biteby-bit simulators at MIT since they too have trouble vith their 

. optics in the hybrid simulator and are only able to test the program 

poe functionally. That ie, they are only able te see that i¥ runs but cannot - 

- gonfirmg ite accuracy in their hybrid. Furthermore, it also became spparent 

cahat the rendezvous navigation has never been tented undec heavily étepersed 

initial conlitions, Accordingly, at the March 15th meeting we requested FCED ° 

and MAC to run a few rendesvous profiles on their procedures similator starting” 

after NOR with large errors in the spacecraft state vector,” |. Sor. gente 

3. On March 22 MAC/FCSD presented the results of these runs whieh they hed 

“. already completed. imme a great uttit. chose guys are! They had included | 
@ “actual” sextant observations on our worst case & 

lee! . . 
we 
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ae which gave trouble at the mC « 4 10 alle range érfor, which is” 
really bad news, These resulte seemed to indicate. thet the sextant wae 

capable of doing @ pretty good job ~ much better thin I expected was 
possible. The status now is that everyone is taking @ hard look ot the ; 

“whole situation. Simulator runs ond amelysis continues, On April 25, ve 

“will get everyone together with all their date and review it thoroughly: - 

» nd decide where to go from there. vhs . : 

  

* 
“d 

bh, Tne only other item ve devoted such tine to was the “tweak” burn 

_ Between NSR and TPI. This seall sencrver (lese than 3 fps) wes proposed 

- _ by Ed Lineberry to be made only if TPE hed slipped in time so much that 

. Lighting conditions during braking would be unacceptable, Lighting at 

braking on the "C" mission is of much greater importance than on Gemini : 

since we have no ranging device and the BIVB does not have running lights ~~ 

like the Agena did to give some measure of renge. Tolerable TPI time 

slip is raid by FCSD to be + 10 minutes whieh is just about what we could . 

expect to happen duc to anticipated ground control accuracy. Poul Kramer © 
de not in favor of adding in thie maneuver, primarily because it offers 

a chance to serew things up. It does not make the flight controller's job —. 

any easier either, although they can handle it, ‘The flight crews, primarily 

Tom Stafford, are considering the pros end cons and ve have agreed to go ~ 

with their wishes. This is unique for the "C" aission incidentally, -. : 

Ordinarily, there is insufficient time té do the burn, @leo this 16 the x 

@. only CSM active rendesvous currently planned. ees : 

  

5, Finally, there is a procedure change thet is probably worth reporting. . 

The flight crew wants to use onboard computed REFEMAT for all platfora 

alignments, except retrofire (which they can't do onboard). This is 

Drought about by the way Bundisk ie coded, forcing the crew to ganmally 

+ -get a flag bit. This ts forcing us to do the Job on the ground differently 

thu planned, although thet is no big deal, Instead of computing and nende 

ing the REFSMAT, the MCC will now send a time within the present revolution; 

at which the "nominal alignment” as computed onboard will give the desired 

platform orientation for rendesvous, Incidentally, using the onboard 

* gomputed values also forces the crew to mke ail SF6 maneuvers heads up." 

‘ yather than heads down, as they prefer since the Sundisk alignment. progran - 

assumes that attitude when it compensates for the SPS gipbal angle trim 

waives, This heads up turne out to be fine for rendesvous,- In fact, it 

- de rather meaningless since all of the SPS burne-are nearly redial anyway 

It is just the chang: in the REFEMAT procedure that ie @ shame. 5 <5 een 

  

Addresseen) ~ cous Leis Saree! 

(See attached 11st.) : . a cE
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i? “ wae ok thy ria af ‘ene event "3" Niseon aeptervous Nievion teehntdues meting? 
SOn Mach 2, we amt mao of aoe tite Alscupalng sutéetty 21 tho’: football rentecrous, wealtteelly, uder vit elrdund clad how 
“te abort. It turned oct that tne sui ¢ reice and -wech uiques 
probally. apply equally well to “he pveudo- PI mineuyer baliwiy through 

(isthe rendezvous exerciser. I think we've gone long Wa -getting these 
* things pinned down. _ : co eee 

           
    

        

     

    

      

  

    

   
      

    
       

   
   

  

         
   

  

   

  

   

      

: 4 . wo E Fes -»@e In the ftrat parngenph I would Lee to lean up @ couple of bli open? 
items from som previo.s meot ings. way , : fae. 

doc 

~ = Me OD had been m-quested to look Into the RIUC/MOe 
., burs tt wan possible for the flight controllers: td compe 

" the crew the CSM gimbal anglen to point the LM AOT forerd Ve 
in orter to carry cut 2 docked 1M platform alignerht. BILL Penner reported 
that thio enpabtlity doses extet. Out of this atacusdion ome the: suggestion . _.. hat we should probably prepare some sort of ctew chart giving pando -- a. 0", | sextant shaft and trunnion angles for the AOT ae a Aigetion of the dockings4% wn soe ring index reading in order that the crev could do this §0d tneneculves 

4 
+ . + P?, aa 

oe 

  

. 5 b. We upent a Little tim: discussing the req adcutady: « (+ Clook aynchronitation for the rondervous exercises: Ih wat Coneluted tha : tinelignmont of these two spacecraft ulocks in excenes Of Om setoid should _ het produce any significant problem in the Tendexvoud-exdept as on opers . -.» tonal annoyance, .In sonclusion, it ceemed as though the ec rrest, nlesion - Yule io fine, Rpecifically, elther clock sheald be reset by the grown -whenever 1% gets out cf lynehronisation with the jchound by rénd thebtone. «half second. Thue, Ir the worst case, toe LM af. ( CSM clocks 
be one secon! apart, ‘ oa pe pai 

wf: @e In arder te avold confition of torni nology, 
“i MeneU ora would be referred to an Pol lown: 

AG separate the two nyacacraft from om another: tnt biflly,é 
keeping, shall be calted the “nevaration™ burns thes i , Which atarte the LM on the initial footuall. rend 

phasing” turn. a ne aohs 

    

    

       

        

    
 



a
e
 

> 

a, Repnrding the Phasing burn, it wan reatated that this maneuver my . he axecuted with targeting eatadliahed Preflight, that ie, (t wilh not te upinted in real time, It wae noted that the the burn and the PROCS wil) be operated ine 
AOS will be uned for oxeout! ny, 
follow-up mode using P.30/P-k0, It wee emphasised that, because of the difference between AGS and PNOCS, the externnl delta ¥ targeting parameters will be Bligbtly different for each, 

3. The rent of the Meeting war devoted to tne football rentervous., We Bpent come time diceussing the sort of trajectoryeoriented yutem fatlures - “hon WOULU CANA® ut te abort the rendenvous te the COM Immeatutely, Tt was important to 
exorcise and to roturn the LM 
eatobl inn whieh of tae oye tems my have fatled because, ovvlously, the mannor in which we would perfora th nr rendezvous would be aignificant.y influenced by the status of the Spacecraft nystems, 

4, She following ta: List ef tr jectory-oriented syntem failures which” woulr, fores us to abandon the rest of the rendezvous exerciae: 

- @. Rendezvous radar failure 

be LM PNOCS fatlure 

c. CBM O€N fallure 

ad. RCS jet failures 

e. DPS failure to start when attempting to do the insertion burn 

D+ Faced on those abort situations ve arrived at the following peneral conclusions regarding how the rendesvous should sotually be performed: 

a. It was decided that whichever spacecraft was having the erntems problem should be the passive vehicle for TPI and the subsequent isidcourne corrections, It my cr may not be desirable for that vehic © to perform the traking maneuver .cepending on the aituation, It waa no ed thit the nyntens problem referenced to is not necessarily one of there listed above, but coold Just as well be some other critical system such a: » BCS, fuel cella, ete, The reascn for this conclusion ie: 

(1) To relleve the crew with the Problem apacecraft. of rendervous activity in order that they may devote full attention to the problem. . 

(2) To use the spacecraft which has workiag to do the ranetvous, , 
all of ite systems ti11 

Of course, Ins sure there will be some exceptions to this rule, although, I hope not too many. One probable 
of the LM PNOCS, but with th: rendezvous rada 
cizscurstance it would srobably be prefersbie 

exception woule be a failure 
Y still workings. Under thig 
for the IM to te the active  



oo wht ih aus “bratrkigs crow backup charte, efe., haves beg: ‘pry 

        

nhteld sinew tt hag nupertor obaetyationd dnta “(the WU Wit a” galdiime 
“ural rent th aystom (the AgU) adequate ty carry oh, the malniver 

i. We tid n lengthy Hteeusaton rowan ine vtwrthe tho ay aN 
Wheuld ha-onyried mut with the rentogeous transfer angie of 
ior te Une the atawined 140%, It we ftmlly concluded thet. 
une the ay? trunafer for tha following ronevnar. - 

   

    

   

  

(4) me: Light tig condi tdone nee etper ior, | @ 
Seerd word pawns fa da iene: wt tet bie chotlen Lana set inet” bas, 

wi Mea Sa taeda oa Gi nation ay era Gitta Pe noteeee belay Ant ngs 
Cob Ow R Gk oe to bd _, whe prop re abi bend eoreitlo! aah of é 
“sane voit BRCM Ue, « 

a May (2) Mere time. te va tinpte for ovtatning reriiey 
; obisorat tons after: mr. ‘ 4 

  

  

      ae y. Une of y © provident the stardinns tendeavoun oh 
pated s rb waa 

noted thet under come cont tione ft would be denionele to Alay wiki pe: th 

2 PPY muncuver fers revoluilon or two, deporting on. the Sponge St ayn tena. 
“problums ithat lo, ae“Long ag the LM remitne (n the football orbits condi 

teh tlone vemain relative;y constant for each mecesalve via 
: ‘ et 

- to ntaae the DPS, for: te following Teasonst 

Ss, Oy. Primttly 14 seems very destratle in ane 
to.retain afl pesaivle consumblies In the LM to avold: gettin: cinio' a tot nee 
eritical situation. IL lis recomiinet that to perform an aot Wr reéndenvott 
with the LM unstiged does present som probleme and eoute Addd ional RCD, | 
buts in the gonerel ons), this ta protably an acceptable pani ty: 

L (2) A aeconiasy consideration for not otagihe ‘ne frets that i 
wild ‘eApininate the con tern of a possible recontacte ” ne af 5 

  

a as) wna vise conoluted thet a neminnt miesion “planning emge whould 
med, 40 provide the bert pouatbhle abort conditions and that?the pagnd ted 

. of thie planing mineuvet should be inctrased abaut 80 percent: de-odet, toi 
“provice wf roneonstly eter pine mate at the brektna mnvir tie buiten€ 
pilin previiies aetosiny voloaity ‘of about 13 fpa, wheroan Lt to ener Liv = 
agremt that it chould te in execoos of 90 fpr. Morrik Jonkiné: hms Lie 

= porpoaintilty for wett tng the mission plans changedsto ineftdne. the 
piieiie mtineuyer from fps te aomething in exdesn of 60 fpr “to provide 

ethld chirteteristics Actually, nines thin will renalte tA an: Hore date; 
Sh very nels nord ag ti, Tie pecommenited: that the ett Bide He: i 
SoRaneuver te chosen betike delim ho cxaehly thee et that’e 

° ea nominal termin) prime werk. wild be diree iy wpphduapte 

We 
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Te Base un ali of the above, we conelided tht ann atandard opernt (ny 
Procedure turing the footbal) rendervous the CBM whould be tnrarted and 
prepared to gaecute the TRI if an abort ta novenmiry, ‘ 

Ny Ad noted tn the Strat parngrnaph, after look lig over the renault of 
our Ancusnionre uf nborta frm the fretratl, there seema to be no rennon 
the sume conclusions do not apply equally well to nberto from the firnt 

. half of the rendezyour exeretor at the overhead TPL opportunity, At leact 
we will procee! using there techniuuea for both ennesn for now, Furthermore, 
Vi tae SR Mtn en pepdecvouw fe mde ddent lend to. the “D," na now apponse 

» POULALT = OY Louie, Gilad tor will apply te that J1ipht too, 

. 

5 oe \w . 
Howard W. Modell, drs 

Bnelooure 
Liet of attemeon 

Addregarec? 
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FM/Deputy Chler 

Apollo Spacecernft. Software Configuration Control Board noten for the 
March 19 meeting . 

” 4 
1. We spent another couple of houre talking abnut the Deltn ¥ monitor 
program, ‘Two program chance requests were considered for Sundance 
and Luminary. It was coneluded that po change would be mide te Sundance, 
bit thit toth chunrea should be made o Luminary, although, I am not sure 
{f one of them is not in there already. Specifically, PCR 12) provides 
a new engine fail monitor which doer not turn off the engine in the 
event the Delta V ia not detected, am! PCR 122 reduces the ullage overe 
lap such thst is now stopped based on time, specifically, 1/2 second 
after time: of lenition. ‘This present logic stops ullage when the Delta 
V monitor detects engine ignition wh.ch could be as much an six to seven 
seconda later, It also was noted that the Delta V monitor threshold tn 
Sundanee must be mide low enough to Insure thet the DIB enrine will not. 
be cut off on the early LM flights when that engine te used in elther 
the docked or undocked confiruration. 

S. It war alan decided to change the Colossus Delta V monitor/engine 
fail routine to make it the same as Luminary as fay aa crew Procedures 
fre concerned, This costes 1s days schedule slip, 

3+ The POR'A dealing with the new DSKY lights are being withdrawn and 
will be replaced by a more comprehensive one sometime in the future, 

4. PCR No. 57, a DAP hand controller change, was disapproved. 

Se PCR Noe 70 provides @ change in the Luminary abort programs P.70 and 
Pe7], decrenting the early descent abort gone from 150 to 80 seconds and 
adds the Jerk Limit logic like the AGS, This POR was approved at the 
cont of three dayr, 

6. PCR No. 77, o modification to the LM NAP tn Luminary, was alno diee 
approved, . 

Te FOR No. 49 would move the rendezvous radar range and range mite yurtle 
anceu Into erauthle memory to permit ahanning thede relative weletit, in, 
the remervoun wavigation, {¢ the radar doen not mot apecifiontion.. ‘Min 
would hinve cont five dayo in the Oundance delivery, and 1¢ wan disapproved, 

x 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Ar yen ncend i. Unie came enprta Dike wan approved il Ghee baat mer ites fer as 

Muntireny amd Cobo, ce a : = S 

  

By POR Noe Owe Toopat oa vel hd deta dattentor ote tle beetiek leaieke ~ 

Ine downlod dn Colom. bowie tetopmined that cantoud cuter ack : 

aroun! procedures could bo developed using the promise CL be oaerently so 

programed, ati co thie POR wan dirapproved. — oy 

©, FOR No. 94 would change the Lamtnary ant Sundance programa to puta’ 

special tdent' fication on the eranible memory dump downilnt much that the ~ 

RTCC coult distinguish this data nn coming from the LM, an opposed bo the 

vommind module; ninee this could te done witt, no Impact, it wan approved. 

10. POR No. 8! for Sundance and cubsequent. would have provided the enpoe . 

bltfty of moving the rendezvou. rviar antennn out of the wy of the ADT Lo 
“one that tt would be possible fo dot platform alignment when the rentenven: 

aaviyntion program (PeeQ) wan runntryt Tt would have eoet Lo aya, and 

stnee 1. would not reem to be particularly necernary, it war disnpprowi, 

12. POR Now 8 would have mode the dteplay of radar pointlng angles more 

meaningful when operating In meade ti. It was not needed on Sundance, se 

that wis disapproved, MIT estimtcs a visibility Impact of two daye for 

Laminary and ve they were requerted to prepare a detatied schedule Impact 

for Luminnry. ‘Thils would put the DOKY display of radar snales in the : 

agimath/elevation coordinate system consistent with the crew's orlontation, = 

*. PCR No. 100, 9 program ehance requented by George Cherry (MIT), wre - 
approved. ‘The change has airendy been made and ao there | no impacts 

It Is to eliminate a rate test from the thrunt vector fiiter, 

1%. FOR Ne, 106 war to delete the LM/COM reparation proprom (Pelf). from 
{he Duminary program, Thi wan approved and ghowld advance progam 

AelLivery five days, 

1h, POR No. 106 was to eliminate the Direct Transfer Accent Targeting. 
proprnm (P-11) from Luminary, I wnr given the action Item of mating 
cure that this deletion doen not affeet the ntable orblt rendezvoun enipie 
DiLity. In addition, Tower requested to look Into deleting the coclilptic .. 
aneent tareetine program (P=10) which provides an onbosnt capability, 
whien Is only needed If eommuntentions are not avallable with the proud. 

1. POR Ne. tah wns approved to delete oo minimum dendband mode during . 
mintmum imputoe burn tn Sundanese, 

le, Mes ETL, Lib, amt Li were minor cheno to the wey fle LG Lhpate tae 

the Do. They wont pel throttle up time ino poadtly adds candle addprern, 
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wd detede: the 85 pevond LO poreont: thrudt teut, nid woudl mee EL 

poce the te outomttonlly throttle to a value ower than anux tema birt. 

eae chara were all dteappreved ror the firet sorted of Lanienty, bob 

wee pt ib the baypper Cor cons lderstiun Coe Lainey i nod beyond. 

Lf. The next meeting, ad Lunderrtand It, will be om Apedl ey Jot, 
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Memorandum | | 
! fee List below + "para MAR 18 1968 

- GhaPAa TOMA 
: PA/Chief, Apclio Dnta Priority Coordimtion 

$ Lunar rendezvous abort furry 

1. A great deal of work har gone on over the years on the subject of lunar 
abort. rendezvour, spenrhended hy Morria Jenkine, Ed Lineburry, Ruse Aldrin 
and others, The results of nome of thin vork hwve alronty been documented. 
and more detailed reports are in the works, ‘The primry reason I'm writing 
thia note is to give you a lnyman's summary of the aituation aa I understand {t. Basically, it ln not as complicnted a subject as you may have been led 
to believe, Also, I wint to make you aware that current planning Lnvolven 
substantinl use of the tormand module, more than you my have thought, atnee 
that's a rather important thing, Am, finally, I'd like to point out nevernl 
places where inflleht wbort prepurntion: influence the nominal operationn, - 

 Flret of all, I'd Like to emphantze one imple, very nignificant feature of these operations. ALL lunar render woiis---nominal, con.ingency, nhorfes. * are essentially the sane operation. The only two things “hat Influence how {t will be performed are . 
    

    

(a) ‘the phactne sttuntion at the mtart; that io, which vehicle ta ahend 
of the other and how far, and 

(>) which spacecraft 1s to do the vartous maneuvers. 

Thaps they are no obvious and nimple that they're not worth pointing out but ft turns out everything we do in bared on them, It fr to be empiannd zed that current plans do not Include exotic, special maneuver Requences, rpaces 
craft or ground computer pro ims, operational techniques, ete. In fact, all lunar rendezvous--«from tn) Hohrann descent following DOI, (b) powered descent and hover, (c) lunar surface, both nominal anil abort, and (d) com rescileeseare carried cit using the standard four Maneuver, rendezvour ~ Sequencee=-CSI/CDH/TP1/TFF. (For those who don't reenll vhat that means, see footnote.) The vsriablen to bring about rendegvour are the timing nnd menitude of those four mneuvera, conntrained to oecur within a limited 

areca nee 
1 CoellLiptie Sequence Inittation (est) deo mincuver which establichen the proper phasing and differential nititude conditions at the Conntant pl fferent tat Altitude (CDH) mineuve.: point where the orhita are made ceelliptio, ‘tevmtnid Phane Initintion (TPL) antablinhes an Intereepting trajectory of one aprecern st with the other, and th: Termin) Phare Final (TPF) braking maneuver atopn thes from impacting each other. 
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number of revoluttone (primrtly die to LM cyrtemn conatentnta) and differ. 
entinl Altitude con: taalied to be between FO need Po mblons Unfortunately, 
the ftnal approach often end: up being above tneatend of below an we wort 
prefer, Mls aequence [ronometimes preeeded by a COM Hohman trannfer to 
no lew orbit bat only Uo the CAM in behind the DM oat the time of abort and 
mist nnetat in the rendegvonn, Accordingly, standast mnouver logte in all 
that fe needed in the RICC/MCC nil cpteeeratt computer programe, 

3. Letts firat discunn the sltuntion after the LM hae exceuted the Dencent. 
Orblt Innertion (POL) mneuver and an abort fa required, (Nominally the CSM 
{s ina 6 mm etreular orbit and the LM ia in an 85/60 nm orbit.) 

(mn) puring thin misaton phace and even ta a point 0 minnten pont 
homlnal powered dercent initiation (PDT), the LM ean perform the retdervene 
without COM nunintines within! revotntions. Sines the Lit quickly mover 
ahead of the CSM durtng thin mioslon phare, Tt must transfer to a htrher 
orbit than the CSM to pet back, Accomtingly, a LM aetlye rendesvour whit 
always be from above the COM. Sines the TPL times are sel Ny dependent 
Upon the CSM arbit te rlye optimim Upht ine conditionc, Pt ta porsibte nad 
choull be a atandard pooeedure ertor to DOT te relay te the TM erey thene 
velued’ for a loam os revolution me ndesveus co that they are readily nwel latte 
for onbonrd taorpeting ef the maneuver cequence, Ft needed, Chr fe the Ltn 
Abor€ mineuver and Et owt ll alway be poripende and hortsental te rat oe hie 
LM’ orbit above the GuMts, 

(b) TP the LM te pres tye, the COM mit exteh up by ttropping tea Tower 
erblt than the LM. I Gineberry's: poopde anve chosen alco nm elreulir orbit 
‘nto whith the CSM drops by mektag So eanned Hetimann tranafer Dern at abet. 
0 fpr cach. The firet fe excentod oneal! revelution atcege DOD at the 
recon one staf revolution after thet, Cine tlentally, the ronderyens people 
are convince? that thin COM orbit rt maneuver exeeution tome de cout er 
bette than any other, tepardilene of the time an abort cltuation te 
recoprised In thin mistton phase.) The CSM then carrien ot the ateridard 
COTLCDH/TPT rendegyvous equence Clually arslytay, nbout of iwurn atier pop, 
One nomewhit ott float t feature about oh) CAM netive LM reacuen fo rit 
Ainen Ue DM hana perleee af onty Sor io miler, tt tr Emporrei hte to per roge 
noeoelltptte rendesyonr fram below, We ean't fy the CAM lower Chan tleet fe 
Aoeoetliptte orbit. So all COM active rendesvoun are from above. In this 
pirticular nbort oane, it ft neeesrary for the CSM to otay Im the Oo tun 
eatehup orbtt Tone cnouch toonetualty paer the LM and set Tp proper ple trys 
for in finv approrch from shove, Acca ne ly, whenever pornt ble thy TM 
shold nt beret do Che bavi ttvreeenot onky cho ives COM: ROH feed bet bees 
OF Tht more Pavernbde aspraneh eondit tone vimua}ty, 

Ce) Tf the EMte beceent Propuleton system (DES) doesn't work when the 
Abort. in ftnttiated, or abort. ta due to DPS failure te start at POI, it ta 
our proposal to mike the CSM aettive as outlined In (b) tn omer to avets Ftapine the DPA with al? [te niee consumbten, Mita would heap the whole process ponet ime ertelon). Of router, the LM chould atane and beeome aetive : at TPIoor breking ones ceerything ts unter control ant yend savour fe aeaured. 
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Total CBM delta V required to do thin doen nol exceed about 180 fpr in the 
worst phasing case (n11 SPO, execpt ullnge), Thin introducen an Important. 
concept. The nominal COM timeline during LM denvent ohould include tarmet tne: 
and preparing for the Hohmann trinofer maneuver no tt can do it if ct needa 
to. It would sountdown to an a little more than one hour after DOT, 

4, Now let's discuns nborte from early vowred Descent (PD),  Durligy about 
the first A minuten of PN, or untli abent htiepate, almost the same procedurcr 
would be followed nn above, nince the pheaing at abort in the nameseeiM int 
front of the CSM. However, there are two afpnifieant differences: 

(a) The LM using just the Drs tn anty able ta nehiove arhit for the 
firnt 5 minutes of PD, Atter that the IM must ntage and use nome AIT fuel. 

(>) The LM abort insertion orbit in currently targeted for only 16/20 nm 
whereas the pontePOI orbit ts about 8.59/60 nm. Thin means the CSM cannot get 
Into a amaller (shorter period) orbit to doa rercue, Thit ts, ff the COM 
etreularizen at PO nm tt will bave the anm= period ao the LM and wilh not 
catch up. This prompts a current progrem chanve rejuent for the LM propre 
(Luminary), namely, te change carly abort targeting ino the DIG abort (ret) 
and AWS Abort (Pe7L) pcurrame to Innert Into 9 10/40 nm arbit te permtt COM 
rescue If necessary, Aithout tile we don't have a CHM rescue capabt Li ty 

for this situation. 

(e) If the LM does not tave to ctapge ta renet the 10/00 nm orbit, we 
again propone the COM perform the rendesvour just an desert bed In parnapraph 
3 inorder to rave LM consumbles. Of course, If the LM must rtage due to 
DFS fatlure or lnte abort (after > minutes into PD), It mipht ar well po 
ahend and do the rendeevous, tee., active LM and panetve CSM, 

4e Turing the rent. of TD (approxtmitely after hteprte) through bev a od 
even for the Strat few minnted on the luni curface, the planing lie etunped 
uch that If the TM aborta ft will he trndling the CSM when dt feta tnte 
ortit. apnin, That is, durtng PD the CSM overtaken the LM and proceeds ahend 
of it such that roughly after hlepnte, the LM should Insert Into the standard 
10/30 orbit and, ucing the standard mineuver sequence, wil rendezvous from. 
below the COM. COI will occur 4 minuteon after innertlon Jumt Like a nominal 
rendeavoun, Conversely, If after Inuertton (untne tae AW, of course), a 
COM redeue of the LM fa reaitred, the phantng deorfyht fer the COM to perform 
the atundard mineuyer sequencesesoncentindly “mirror Imige" of the LM 
mMineuvernessto rench the LM from nboves In efther anne, the rendesvaun enn 
bo avoompliched within two revolu! fone. 

6. Note then, that during the DMf: Mohmum dercent, after DOT, the CAM tyndde 
the IM byoan tnercaetine ameant oma tie the phantoe attaation provrencfyety 
worae, This Geend reve tres obottoe Ph anh el od come Protian. rhortly atitey 
hlepnte the pigaln fa peyfeetty nomlice) (vhen the BM men ieven oOrnil fellows 
tne An atort}, Attor (iat, the phnetne dey den again but thie time with 
the COM lending the DM, euch that the renteswoua by the TM fa an we preferece 
from below. The only thine tr tht the Later wa abort the longer tt takers . 
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One thing tn ovident Crom thing Prom oan abort teafeatory atendpotit tieare 
tno “preferred” perlod fa nbori. Perens, Gf pom hte, we abort at teript 
to aeleet the "do/Ne Ge for landing Glee inPD within thie perlod, Of contre, 
many other conniderntionn are involved in thin choler, too, 

T. Finally, 174 like to dincuse aborts from the lum surface, Much han 
bren maid about "anytime ltft off" and a great deal of work han gone and 
io goirg Into Lt. Fernonilly, I feel it's tlm we knocked that off, and J'11 

exploin why and whad we should do inatead, Pat, Ciras Tid ilke to potnt out 
a remrkabic similarity of the LM's lunar murtace altuntion to any ef our 
minned enrth orbital miantona, On the latter, immediately after Inrertion 
{nto earth orbit, eritienl parameters are checked and # Go/No Go for one 
revolution tn piven. And the spacrernft elther aborta or goen one revolutlons 

After that Go/No dota for more (nterger revolutions are given ab loptend 
tiniene=s-do for six, do for 16, ete, Reentry at these tomen lo rerteu. ly 

prepared fer and that's where the effort poen., Of course, tome cone tdorat ton 

In efven to coming down in between thene planned recovery arcar dur to 

erttleak aystems fatlur-e but not much, It ean be done but “anytime reentry” 
would be BAD NEWS! We ave the same sttnation with the LM on the lunar 
surface. Tmmedtately a®ter the PPS ts shut off after landing, the epaecernft 

rhoulé be mintained ir the same state an during hover for about. three more 

minutes, That (9, the vutdanee system remins in the camo program ar toed 
during termine deseent and everything remind prepared to "bert eface," 
Daring thir three minuten (or whatever) the crew and the pround mike aoripdd 
check of all eritienl rystemn and spaccernt't state (aueh nu lit, cto.) 

‘hen a "Ge/No Go for two hours lunar atay" ts viven, If {t'm No Goss. 
“abort stage" inte orbit and follow the standard rendegvoun procedures noted 
above, If it's a Go for ? hourn lunir rtnyeeestay and gtart preposing to 

Lift off in? hours, if neeensary. This Includes, platform alipnment:, 

rmitlance rystem tareetiie, @te., and allo the rect of Tha Prom here on bas 

nverien of do/No ote for more integer revelations (CAM) on some Loelonl 
breto and serious prepurations (trreetineg, ete.) rhould be carried eat tor 
them. That's where the effort should en. That is, If things po bad, Launch 
when the CSM comes over ayain with nominal phaaing. Speetel provirions 
choula not be mide to rupport 9» true "anytime Launch” capability, Tiat'n 

BAD NEW, Lod Of conroe, MCC/RTOC proprams and diaplays ere ovaldable 
to handle the altuntion If ft were to occur, but on a lew probability 

contingency bata, Under some plate eftuntionn, propellant reauafroment 
and spaceernft tniluren, ofe,, rendezvour would not result. 

8. Furthermore, juct like for reentry, I propose diserrele Lift off times 
for the nominal LM litt off, The countdown shot! inelude adequate time, 

Yalltein holds, ete., bo tnsure being ready to pooon times. cones por COM 

revolution. Tf ditt opportuntty foombened walt two houre and yet the 

prebbem that delayed TAL off ctenipttened outs What Dim onylng Present] 
planning, procedures, eround rules, tesining and elmilationc, ete., shoul! 
he oriented ta those “probable” lift off timer (i.e., 3 minutes after Tp 
and onetime onee por CSM vovolution), Juri dike we do for carth orbital 

reentry. 

  

  



  

OD, Wollesethat wana lotoof reading, Tohope tt helped atintehter owt tor 

you what lunar rendezvoun nborta are all about. If you mttbl don! t under. 
atand it's not because tt'na compliented, but rather beeaune Todfdntt 
explain it well enough. So give mea call, Or the people who are renlly 
doing the work. 

  
lh Ww. 0.) Yin Olt, \ . 

_ Addrepseea: 
(See attached list) 
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1. The "D" Rendezvourn Mission Techniques meoting of Mareh 10 was probably 

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

mst have been tired or something, Even uo, with all that talent prenent, 

fy At one of our earlier meetings we tontatively votabhianed that platform 

alignments would be performed by both vehicles during each pesiod of darkness 

throughout the rendezvous exercise. Paul Pixlay (MPAD) presented some data 

at thir meeting which showed that, from a rendezvous navigation atandpoint, 

loss of observational dita--srendezvoun radar in the LM and sextant in the 

CSMeeeCuring platform alignment hurte ua more than a little platform drift, 

Accordingly, [t im thetr proponal that platform alignments only he performed 

prior to the separation burn which Initiates the football renlezvour in the 

peainning amd in the darkness period rhared by the pouedoeTPI when tne LM 

4m above the commnd module, ‘This applies to both the LM an! the C6M. Unlces 

someone has reason for disagreeing with thin, their recommendation is accepted 

and oll further work should be based upon it. 

3, In renponse to an action item from the very firat meeting, the Orbital 

Miaston Analynis Branch (formerly the Rendezvous Amilyeis Branch) reported 

their progresa on developing techni.ues for insuring proper station coverage 

and lighting conditions during the rendezvour exercise in apite of trajectory 

perturbations earlier in the mission. The most significant of these 

perturbations, of course, is failure to launch on time, As a result of 

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

nominal Launch time and change {n direction of the BPB engine testa early 

fn the mission ao that the apacecraft will nominally fly in a higher orbit, 

during the period between them, In addition, it will probably be recommended 

that these big SF8 burns be separnted in time by approximately a day instead 

. + curring within the same period of activity. If thene things are done 

fv-will be possible to compennate for lift off time delays by decreaning the 

hortrontal, in=plane component of there SPS burns in real time such that the 

npacncraft down not go to such a high altitude, thereby shortening the 
orbital portot dusting that perfods, The implementation to carry out target (nt 
of thone mocuvern in ron) time my utiiiae the rendesvous mination planning 
tools in the NIMC that are already avolinble, Thelr propoaes approach would 

pe to modify the SP5 burns using the Gemini Agena manoaver logic to cause 

Bay US. Savings Bonds Regularly on the Payroll Savings Plan 
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he I don't know EC other people have the cam peobted aT dQecemirbien ” 
et Aelita 1 Gus ewelMt ate he dp ome God, Tocanngt thlak or inset de 
pradietive tawrlte in those blank cpaecen on the pevomeuie seve ben ud 

Foon menth aftos month, Ce, Iam arnding this fermm bak woh ms inokey | 
evernl) numerics. miting and this cover memorandum ao explaunstion, 

ve Te Asia dou eulls for TRW personne) to support aux Data Prior’ ty 
Miceton Weintoued roetings which aseus at the pate of or O mieh wens 
One or twa of theo peaplu ape iivtly tuabitted to purtictorte tn tus 
dimeustions ame they contalbute otbatantially In the develepaent al 
timag teahniques. Spesifleally, Mics Boudruay fo ad oute tats ima percon 
In thi: respeet, Mant ef the rert do not have opérational experrenc: 

preparing chem to contrlbute in thts wey. Put sho doco? And, fh 

devsn't matter anyery. They are chargal with peeording amt deoument lige 

tha yeoukte of the diocarnloce ne lostes) flow churte and ctpportang 
Literstei desemibday che ratlonile of how the pufdancea eyetems wilt 
uced, To do that Jol (na professional way if all we ask or them, ami . ‘e 
Tomek cay they have been extremely vecponeive In prepartny sid keepiue 
these prodiminury Clow charto. whieh we chames meeting efter meetin, 
up todnate., Furtacemore, there da substantial evidence that those 
peopl. ave Lonenins about the varlous oyeteme and procedures very cul ekLy 
nione with the rert of ur, Accomdinrely, Io aave every rveaton to belin ve 

Lhat nat only will (Le documentation they produco be securate and complete d 
hi, ne time gota ch, Uhey will hevome etroge contributera to the . 
development of the toehniquer themrelvea cy're enthuqlartiie and have 

plonty of Initiative. In short, theytre doing @ swell jo 
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svayter: Lunar Reentry Misaion Techniques meetin: - Maroh 7 

  

. 1. On March 7 we had a Data Priority Mission Techniques meeting on lunr - 
. reentry. This was the first on this mission phase with contractor partial. * 

pation. Our objective was to underutand the current atatua of the businesoa oh 
‘ and to begin pinning down the operational procedures to be wed onboard the - 

: apacecraft and on the ground, We were particulaaly intureated in data flow, 
decision points and logic, and the actual detailed techniques to be ured 
during this phase of the mission. Although we intended for it to start Just 
prior to the final (third) midcourse correction on the way back from the 
moon, it turned out the diecunsion unavoldably included activities earlicr 

in the flight, starting with the Transearth Injection (TT) mneuver itself. 

Generally speaking, I would say this mission phase la better underLood und 
more comple e x sion. A reasonable 
set of mission techniques is more or less in hand right now, Of courne, 

there is no question that significant changes will be made tared on further 
analysis and actual flight experience, 

Paragraphs ° through 5 deal with 

the mideourse correction maneuvers 

2. Jerry Yencharie (MPAD) briefly discussed the second midcourse correction 
maneuver (MCC2). It is @ maneuver to be made entirely in-plane designed to . 
achieve specific entry interface conditions consistent with a sefe reentry ae 
and controlled landing point. Analysi# summarized in Figure 1 has shown that 
this maneuver can be made efficiently anytime in the period between 15 and 25 
hours before entry, and so it should probably be scheduled to fit the crew 
work/reat cycle. However, some consideration is being given to rescheduling 
it in real time based on its magnitude, Obviously, both the nominal time and 
real time decision logic must be worked out before that (i.e., now). One 
question to be resolved involves basic “amall maneuver” philosophy. Specifice 
ally, should maneuvers of a magnitude lese than the targeting uncertainty be : 
made? We have generally said that they would be so that dispersions would be . 
equally distributed plus and minue. This, however, ts not the currently 
prepozed technique for these midcourse corrections, and deserves further 
examination, It is clear that if this mineuvervic made we'll use the External =~? 
Delta V guidance mode with the SPB engine (if it is in excesa of 8 fps), And it”. 
will be targeted from the ground, Platform orfentation can be determined either — 
onboard or on the ground; this appears to be pretty mich @ crew preference, and 
we'Ll be intereated in their decision, oo 
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heed be made dn envied out ae follow the deatred’ ¢fipht pale mde at 
- the entry interfaces fo compnret to the pridteteg wrlue anpumine ter MOO 4, 
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Only If the difforence tn there two ceeeedn tO" whl the minever: be exevutial 
Thto limit has been oeleeted to Insure nonate reentry but be daree enough ba! 
make the need fur this mancuver extremely cmil. For example, a 700 eample 
Monte Carlo ntudy win mde, and in no ense wo the MOG§ required, In fet - 
the largeet flight path anple differcnes wan only about 6b” (neu Fi yure a}, 
Tt haa been eatablinhed that this mineuver will be entirely tnplins, larpeted 
from the groum to achieve the desired filpht path ancle and will utilize the 5 
External Delta V cuidance mode, Of course, the inertial platform mat be 
aligned prior to this maneuver, Its orlentation will not be constrained ta, 
provide any particular pitch attitude dinplay on the FDAI Sebald) during the 
burn, Of course, the ORDEAL could be used to atve all reron on the Gebnll. 
The actual REFEMMAT to be ured during the MOC? and reentry will be computed 
ard relnyed to the crow from the proud to provide 0, 0, O on the ball at 
400,000 fret nilltude when the oprereraft fo inn honda down, Ineplanc, 
horizontal, wings level attitude, heat chleld forward, 

  

4, It has also been entablished that preparationn for all mncuvere are 
bepun 2 hours ant bO minutes before time of tenition to allow cufite tent 
time to activate the oyntems froma aianiby state, to met all of the my 
Initinllzation data input Into the rystem and to make all of the various 
cheeks to develop confidence that the burn will be made properly, It wan 
nico decided that the same timeline for bringing up the syctem, alirning the 
platform, ete., would be utllized reynrdless of whether the MCCY maneuver ts 
made or not. FCSD people involved in crew timeline developacnt took the 
action item of miking sure this in an acceptable approach. 

Se Although major emphasin at thin meeting wan devoted to nominal reentry 
Pprocedurer with alt syntema working properly, we did depart long enouph to ~*:.: 
discuss briefly current plans for handling communications fatlure occurring 
at about the time of the second midcourse correction or later, Spectfically, 
it was stated that if the greund has tranomitted to the epacceraft ite MCC? . 
atate vector and targeting commind load prior to communications fallurd, Y 
there should be no attempt made onbunrd the apacearaft to perform onboard : 
navigation using the sextant. The point is that onboard navigstion can foul - 
up the atate vactor and some of us intultively feel it better to stick with 
the last eet sent from the ground for entry {f it ia that current, Vactoua ~ 
People did not agree with this rule, of course, and so an action {tom was 
promptly levied upon them to determine a superior alternate approach in 
detail, In the meantime, we will continue on as deseribed ebove, | 

  

  



    

    Rararophe 6 threarh be den 
ontry prepariton Se      

. Ge At present te montyy putdanee philosd pay tretiates tee plumed tanttan ao  arons (PRA) whieh are {iluatrated tn Firure iy (A212 Pimuren atindied are : Yoo . vourtesy of MAD's: Lunar Misnton Anilyela Reaneh) PIAL ton thoonand atle’ > 
band ineludtag the primary Landt ne onint amt civ ing tae enabtlity of bad a 
weather avoidance. In the event of PROCS fMllun n chorter rane landing 
point, °, In deaignnted consiatent vith a no okip, conntant. ° rventry . 
which {fs the planned backup reentry mode. Efforte are being mite to de tormtne: 
Af the PLA Lo ringe can be mide to Include PIAS with enrrent [NOCD hanivan: 
nt software implementations If co. it le probable MA So wuld be relcetud 
av the primary recovery aren [n ofder to mike Fito, ENB ad beckup techntaues 
nll compatible, . 

    

Te With regard to the conrtant ¢ reentry, the MAD reentry people bave the 
action item of preparing and delivering updated conctant fe reentry load 
factor profiles to FOOD for their eviluation and, hopefully, buy off. We 
anticipate no problem on this. Tyrleally, they aren kop reentyy with n 
bh minute duration or n Jog reentry with aS minute duration, sometimes 
preerded by a high acceleration, short durition apike (See Flpum a), 

8 It win entablished that as lone as communiertionn extot with’ the oround, 5 . 
MSFN data vill be used for EMS initilivation. This netivity will be scheduled 
at some convenient time, probdadly an hour or so before entry, fince it, ts not ¢ 
time eritteal, Although the FNGCS computer ir prorrammed to provide thin data, ~ 
there {a no necd to pay any attention tc tt unless communication: prevent 
receipt of the ground update, 

9. Command module/rervice module feparation will be carrted out uring minwed 
-Attitude control and will oceur approzimte ly Ro minutes before EE. Tt wes * ~ stated that the Descent program (Pe61) will be called up approvmately 5 
mn tes prior to that event, The will cnable the PROCS to accept neerlerae: 
fe: npute making LC awnre of any nmll spaceernft. tranaiations due to * 
separation iteelf and/or duc to subsequent attitude control. (Reeall commnl = module attitude control (a not done with balanced couplers) Aince aveclerpes 
meter bias could accumilate over a period of time ana significant. contributor | 
to misainy: the landing point, we spent some tine diseuseing the question of 
whether or not allowing the guidance cyrtem to nceept aveelerometer Input fer 
£9 or 30 minutes prior to entry Interfee ti: neceptables Accontin. to recent analysie (aummrtred In Figure 4), down range milan diatanen due tan 2 stem - necelorometer bias (calibrated Inflieht) wuld be about Lo miler, and croca ‘ range would be about half that much, even if Aveimge @O ie enabled by the Descent program (P-61) 30 minutes prior to entry, fom conetderation ta Ls apparently being given to addine an accelcromter threshold Limtt Inte the *, 
cemputer program to nvoid thie smll error, Sines thin woret care error {5 a 

  
Wl rently quite acceptable, I would oppoce any euch Proemm change whlet T . 7 nesume would only be made after approval of a formal Program chang Yrcuest. | 

   



We  Chitete Graven! prople precented com data to chbw the mention. 
lanitng potat mica duc to platriem mloaltphaent, tbe mingor eontatiate 
(ace Pliwre 5). Ho atiowd that with 4 olema pyres Lhe mine. dlaitane: 

ae wae nearly linear at the rate of about .6 of mo mile down mine ao eo: . 
oe: “ -eYo8e rane for ench hour spent between the laei platform alirrment cote t 
Poe entry interface, Since a Jord hous ported of drift would only remat in 

oa abou! 1 alles miles at the worst, we felt it unnecennary to mike nny further - 
Platform alignments after the third nidcourse correetions ’ f 

    

  

11, Some thourht we given to mnking A ospaccernft attitude check eine the * 
g acxtant prior to reentry) however, it vao concluded that this really 
, - accomplishes very Little. Confidence haa been developed in the PNOCS. prior 

to the MCC? mincuver and so we would only be uncovering failure nubnequent 
to that. Purthermore, there are a whole serien of PROCS performan:+ 
evaluation teste ansoclated with the reentry iteeaf mide before comnl ttt ng 
to the PNOCS and there in nothing that could te done to fix the oyetom tf 
It hae failed in that short time. ALL ef wrieh ays, the test Is useles:. 

-Accordingly, although FOSD has not completed the detailed timeline yet, ar 
of now there is no known reason for the crew to leave thelr couchen after 
MCR. 

    

    

te
 

  

12. We had a lengthy discussion with regard to initialleation and wee > 
: the FMB roll stabliity indicator (RSI), alro known ae the rol) attitude 
eu indicator and lift vector indicator. Apparently, thin device (a merel: a 

repeater from the FAI roll bug driven by the GDC. It was originally ar 
Included in ihe EMS when there was only one FDAI in the epacceraft, Hovever,. = 
now that there are two FDAI's itr purpose and value are rather nebulous. ™ 
Actually, the discussion took a surprising turn. We started out tryin to 
figure out how to initialize the damn thing and after mich emotionnl, 
confused talk we seemed to arrive nt the conclusion that it really has very 
little value, Mike Colline intends to ottain a crew position on this, and 
Clyde Paulk was requested to pulse G&C on the same subject. The thine tna: 
bugged several of us in that we shouldn't have something displaying wron, a 
information in the cotkpit, and so we should either cover it up with as 
masking tape or else we should line it up properly, no mtter how useless 
it ta. The problem is that the way the PNOCS controle attitude tr not >” 
consistent with the RSI allenment procedure, Trerefore, Lt roquiren the . 
crew to control apaccernft attitude manually until .05 @, Actually, Toa - 
not #0 sure {f that ourht not to be the procedure anyway, {n order to “ 
utilize the hor'sor no an independent check that the spacecraft ts In 

q proper pitch tr mattitude to insure acrodynamic capture of the spaecaraft 
: in the proper attitude. Left unresolwd was whether we should suimit a 

program change requeat ‘to mike the Colcoasun lunar return reentry proyram 
compatibie with that procedure, . Do. : 

        

ww
    

 



    

My * 

Paragraphs 13 throueh 10 donald wit 
entry proner 

eeeese ono a 

* 

Aj. The reminder of thic meoting dealt #fth reentry prucedure baned on 
Figures 6 and 7 which nre attached to thin memorniudum. (ener ily npeaking, 
these provedurcs for monitoring a nominal reentry and carryline out a bickun 
reentry seem to be well thought out nmi complete, Obviously, there are atill 
a mumber of relatively minor refinemnte or changes which have to be made, 
Bom: of these are the items reported in the following paragrapho. 

  

UW. Probably the moot Important decision te be mide durlig reentry occurs 
when the reentry program changen from Pela to PeGt, which ooeurs duck about 
at the time of peak gin. At thin tie, a dloplay of predicted oxit veloct ty 
and drag level (VL and DL) appenrs on the ICKY. The crew muct determine tf 
these values are within limite determined by the pround and mlayed to the 
crew as part of the standard entry preparation procedure, If they are within 
bounds, the crew conmite to the PNcCS. If they are outelde, the PNGCE han 
falled and the crew takes over itnd flien conrtant ¢ reentry to PLAS. An 
important point to he made here fn that the primry PNOCS Go/Nu do check te 
based on a compartcon with the ground and that thie fe eonctdercd abrolute! 
Of course, the crew does monitor the IMB fer reroll Line violation whien 
alro could result in abandoning the PNCCS, but that ft: not comparison of 
one aystem egainct the other for performince evaluation, The eritertn on 
which this test In based ts expected to be ticd ta the accuracy with which 
the ground {9 able to predict thea prameters an oppoacd to bein selected 
to eatablish such things as 4 allem PGC: performince, accuranee of landing 
within nome apecified distance of the recovery forer, or adruring reentry 
itselfeeealthourh it better do at least that! Graves! people arc tn the 
process of determining values for these Limits and then we will know what 
sort of reentry my be assured, They expect thin work to be completed at 
least aix months prior to the "LE" mianion. 

Lh. It was noted In this dincuasion that # recon set of DRKY dinplay 
parametern are avaliable tn PeG§ by a crew (nput of “proceed” to the : 
computer, It is evident that the crew is not likely to perform that . 
operation while expertencing 5 a's, so Graver was aiven the action item of . 
determining whether these display porameterr (inertial velocity and nititude  - . . asx 
rate) are of any real uso to the crew. If they are, it will be rmecesanry to " 
submit @ Coloanun progrium change requeat to mie thely ApPeArance automtte : 
probably after dieplay of VL ant DL for a fixed length of time, 

16, Another FOR Graven intends to aubmit for Colonna No, 2 dould mke 
PROCS control of attitude be lift vector up until .? e's during "necon) 
entry” following a skip. Thin Je felt to be marniatory since a pitch trim . attitude check on the horizon in critically needed at this time, At present , the computer propram will drive the apacrcrnft attitude te whateyor bank 
Angle {a conaintent with the raentry mutdance Obleetiven even thouph prier 
to oP ee the norodynamio fcrees contribute wry ttle te lenting petnt , 
eentrel. , . 

 



          

fh 

Vie Oavea! peopte were reqented to exAM Ie Lhe BME veRBAL Fined to mike ou ne EMG Line violation daring the socom entry weak enue the erew to 5 toke over from a berfoetly opemting PNOCE.  Thit to, We wank to mike certain that outftlotent anrgin te proviied to prevent thin from happeni nes | 

  

23, Roth MPAD and GAC were requested to develop nome rort of tenta to be Included tn the reentry procedure to determine 'f the RMA fo performing Properly, NR will probably do nom: work on this, tou, The point In, it was apparent from our dincusston tint all Performance ovnluetion was . centered on examination of the PINS with avttchover to the FMR in the event ot tte fatlure, What accmed to be mlosine wie performance evaluntion trate of some sort to mke sure the EMG wan work Ine well enough to be used, 

    

flow diagram to start the review eyele on this misoton phane, tor a Ts 

19. Based on thie day's discussion TRW WI) prepare 4 mone Racine a 
f Couple of tnternnl Moc moetines, T on tes opain call in RTT and NR 

a 
and oce If we can't put this bueinesa on te 

Howned W. Tindall, gr. ‘ 
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Addressecay 
: (See attached List) 

   
 



       

      

    
     

    

   
      

   
       

TRANSEARTH DATA FOR 2 MIDCOURSES 

© MCCI AT TE! + 8 HOURS 

ENGINE AV REQUIREMENTS 

PERCENT MANEUVERS AT MCC I 

RCS 22.5 PEFCENT 

SPS RCS SPS 77.5 PERCENT 
MAX 

AV REQUIREMENTS FOR 

TRANSEARTH (FPS) 
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1968 TINDALLGRAMS 

68-PA-T=2A (11 Jan.) Firat 2 houre on lunar eurface will he devoted to apaces 
craft systema checks and faunch preparationa--stmutation of final 2 houra bee 
Fore apceant and rendegvour; good practice, givers indication of any potential 
trouble spots, prepares LM for emergency altuation, 

68-FM-T-12 (16 Jan.) Sub:ecti "Automatic rendexvous boresight (nto Luminary, 
“The Elight crew has blunt! ganounced that they intend to maintain boresight 
en the PM continuously, pacttcularty after the CDM maneuver, and had requusted 
that the computer program be modi fted te do thir job automatically {in order to 
relfeve them for tagke only they can do," (RS: once again, T doen't underatand 
the technicalities, but thought you might be intereated in anything the flight 
crew bluntly annotincea, ) 

GA-APSTe13A (17 Jan.) Subject: "No change needed {n the landing alte detere 
mination programa - CMC or RICE." Data Priortty meeting in tate 1967 had ree 
sulted tn program change request for the Colossua computer program, the pro- 
gram which fe used for determining the locatfon of the landing alte, Unexpect- 
ed reault of 12 Jan, meeting on {mptementation of thie change was that "the 
change wir not needed at all and Lt wae cbvfoum that the CCR ahoutd be ao ade 

vined," "ft really te immatertal whether a oro net the spacecraft (a able to 
compute the landing nite e location, | Gomme tather r louny uperatlonal y procedures 
appear to be necern@ary ‘y during the tunar fanding mieatou tn order to do the fob, 
but that {8 not ae a result ot anv defictensy tn thte program,"   

i OB-APeT-14A (17 Jan.) Subject: "Reentry from lunar mieatona," "On January 
i t2 a group of Fitgth Crew, Flighe Control and Miseion Slanning guya got togeth- 

er to talk about the lunar reentry and some rather intereating things came out 
whitch Loam recording here for my records and your amusement," Poluta conatds 
ered?  laat mid-courae correction before reentry, moat deatrable apacecraft at« 
titude durtng service module separation; Lf and how the ORDEAL witl be tncorpore 

: ated Into this operation, "a lengthy and emotfonal discussfon concerning the 
overall reentry trajectory phllosophy,'' EMS inttflalination, "We'll work on all 
this nome more and within two monthea we'ti get together with NR and MIT too," 

GH-AP-T-15A (22 Jan.) Subject: "' Final! review of Spacecraft 101 (Minafon "c!') 
Retroffre aut Reoutey Miaaton Techniques," "Final" review held on 10 Jan. with 
crews for Miaatous "ot", "p, and "cl tn attendance, Probably mont controversial 

‘ {tem: wanner (ni which the Entry Monitoring Syatem te to be used: EMS fa only 
vetng operated as a ayatema tert and is not utilized tn the actual control of 
che reentry, Use partes conteated theme dectatona, tn particular NA." Some 
thinge tn regard to the EMS, "Onee the commente noted have been Incorporated, 
tt ta my tntenttion to prenent: thin to the MSC management for thetr information, 
erittetam and Cinat approval,’ 

  

GHR-TA-T-16A (24 Jan.) Subject: "Second Miseton 'C’ Rendervous Mtraton Teche 
niquern mecting." Held 10 Jan, “Subsequent to thie meeting I diacusaed our 
concturntona with Tom Stafford and Donn Klaele, who both concurred ax of thie time,"
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1969~2 

69-PA-TeA2A (7 Mar.) Subject: "G tunar Surface atuff te still incomplete, ' 
te the use +f the expression "go/no go" and the decteton whether to stay 
or #ebort tmmdiady efter tunag iandiag: “Every tine we tatk about this ac- 
tivity we hava to redefine which we mean by "po" anu "no go," That Leos 
conft<fon inevitahly arises atnce "go! meane to “atay" and "no go" means 
to “aburt" or "go," Accordingly, we are suggesting that the ceeminulogy 
for thie particular dectaton be changed from "go/no go" to “atay/no stay" 
or something tike that, Just call me ‘Aunt Enma,'" “Last eumner 
GAEC honorec ua with theis presence at one of our meetings and to celebrate 
the occaston we give them an action item, |. . We haven't heard from them 
stace, on thac or anything elae.M. . ." 

69 PA TeA4A (14 Mar.) Sibjecti “Happlnene lea having plenty of hydrogen," 

69=-PA-T-45A (12 Mar.) Subtact: “Simpliftcetion to the pres PDI abort pro-« 
cedure," dflacumaton of the procedure ag worked out by Tom Glbaon and George 
Cherry; "Great work, Tom and George, Keep that up andl predict you'll go 
places," 

69-PA-Te47A (20 Mar.) Subject: "Fo misaton lunar orbit atettude sequence," 
"Who could suggent that the crew not took at the sunlit moon once they have 
gotten tyere, even if Lt coats aome RCS," 

69-PA-T~52A (1 Apr, Subject: "PGNCS operations while on the lunar surface," 
"Ouetng our March 27 lunaec Surface Misaton Techniquca meeting I think we 
ftnally mettied how we think the PGNCS ahould be operated, How many times 
have L watd that befure?” 

696PA-T-669 (30 Apt.) subject "What's deacent alt about?" "As a result 

o€ some atitrtng around within NASA on how the various gufdance and cuntrol 
avatems are ured during deacent, George Cherry of MIT took ft upon himaelf 
to write a complete deaciiption of the capabttiitier that exftat and how they 
may be uaed, Without doubt, this {a the finest, briefest, moat readable 
dracriptton t have ever reen_ on the subject and for that reason 1 am fore 
warding a copy to you under thle siining white piece of pape*." 

H9-PAeTAINA (5 May) Rubfect: “Dercent Monftortng Misaton Techniquea--a 

atatte cepore," "There ta another thing about powered deacent crew pro- 
codured that had really bugged me, Maybe T'm an “Aunt Emmna'eecertainly 
aome ma mamart people faugh at this concern, but L fuet feel that the crew 

ahould not be diddling with the DSKY durtng powered descent untesa it im ab- 
solutely essantiat, They'1l never hte the wrong button, of course, but Lf 
they do, the results can be rather loumy, " 

69-PA-T#73A (7 May) Subject: "Apollo Miaaton Techniques Documentat ton 
Schedule," Here te another Mianton Techniques Doc, Sched,, aince the lant 
one ta three muonthe old and barely reflects reat iffe any more, The lanar 
Orbit Activities Document wlll almost certainly have to be updated to tree 

flect whatever we learn on the F migafon, A June 30 release date for that upe 
date wilt be kinda late, of courae, but that (ae a problem everyone han when 

the Jaurnch occtre meven weeks after the lant splashdown," 

 



    

‘ 1968-2 

65-FM-T-18 (29 Jan.) George Low announced at hin 29 Jan. staff meeting that 
the LM-2 miseion will not be flown unleam aomechineg unexpected turne up, Fle 
nal review date of this decisaiun--6 Maich, Development of the craft to cone 
tinue ae Lf it were to fly untit that date; disposicton «fter tha. has not 
been established, 

68-FA-T-19 (5 Feb.) Subject: "Sundiak Wemetetx daa little wierd,” 

68. FM-T-20 (5 Feb.) Subject: "invitac’o to br3 chrottiing for DOL meeting," 
Lack of definition of the rpacecraft c cmter program requtremente areecieted 
with the throttling of the DPS, "What we must do fe to gat all inte:vated par- 
ties together to pin thie buainess down once and for all in order to provide 
positive direction to MIT for the luminary program, Unfortunately, we are pro» 

bably already far late to avoid achedule impact." 

68-PM-%-25 (5 Feb.) Subject: "Sundiok range rate computation 1a not real ace 

curate.” 'Thia defictoncy . . . mecmed migniftcant at firaet . . . But conatde 
ering the much larger arrora we probably will encounter . . . it will probably 
be tost tn the nodse which we had to be prepared for anyway, This note is just 

to make sure thac everyone who [a interested knows about thie thing,” 

68-PA-%-26A (6 Feb.) "Something rather antounding happened at the Apollo Spaces 
craft Software CCB meeting on Tuerday, Jan, 39. It wae ao shocking the word 

spread tike wildfire! But just tn cane you have not already heard, {t looks 
like we are going to get rendervour radar data on the downlink during the erftl- 
cal IM powered Flight miasion phases," " . . . it had been anticipated tiie 
program change request would not be approved, Theftr (MIT's) more detailed an- 
alyses, however, ahowed they could provide these capabilities with no {mpact at 

all, and ao we're going to get ft,” 

68.PA-T-26A (6 Feb.) Subject: “faunar Reentry Misafon Techniques meeting," 
"Alroat all of our dtacuaseion dealt with the final midcourae maneuver (third) 

prior to entry, When scheduled: until sxomething comes along to change it, 

we propose for now to achedule the third midcourse maneuver 2 houre prior to 
400,000 Feet, Meeting alro eatabliahed "a criteria upon which tt will be pos. 
atble for the Fifght controllers to entabliah the need for this maneuver," 
"TE the predicted flight path angle at EL (Entry Interface) differs from the 

dealred value by more than ,36°, the third midcourse maneuver will be executed, 

According to Pete Frank, this value {oe auffielently large that the tiki thaod 
of the third mtdcourse maneuver ia very tow." In regard to proposed modifica. 
tlona tn apacecraft computer entry programa and initialization of the EMS, ‘Ht 
wan dectded that our next meeting ehould inelude partictpation by MIT and NA 
personnel," 

6H-PA-T-29A (7 Feb.) Subject: "Third Migsion C' Rendezvour Misation Techniques 

meeting." “There ts some concern about uae of the SPS on this fireat manned miss 
aton, particularly these flret maneuvers, For example, ts there any problem in 
making three SPS butns within one revolution? And, can one of them be a mini- 

mum impulee burn? That te, fe there a freeging problem or something? Any come 

ments oon thie would be apprectated," "That fa all fo can remember that happened,"
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1968-3 

68-AP-Te30A (8 Feb.) Subject: "Third D Miesion Rendeavous Misaion Techniques 
meeting," "We had our third 'D' Migaion Rendezvous Miseton Techniques meeting 
on January 29, Tam afraid it wae @ rather frustrating meeting for everyone, 
But on second thoucht--what's new?" End of memot "If anyone comes, we'll get 
together again at 1:00 pm on February 12," 

6B-PA-%-24A (71 Feb.) Subject: “Landmarke for lunar tracking,” On February 
1 a bunch of ua who had been working on operational procedures associated with 
lunar landmark tracking got together with eome of the lunar Mapping people who 
have the responsibility for selecting and precisely locating the lunar land- 
marks to be used, This wan a rather refreshing get together since, as atrange 
an it may eeem, neither group knew much about what the other was doing tn any 
detail," 

68-FM-T-35 (20 Feb,) "Here is another request for {nformation--thts time deal- 
{ng with landing radar reanonableness, The baste question ia how wet! can the 
crew evaluate the quality of the landing radar data... fe tt poaatble for tt 
to read-out the wrong altitude but give every indication that {¢ ta performing 
in a perfectly normal manner?” "The putnt ia tt nure would be nice to be able 
to tell 4f the radar wae wroking even in the face of a large altitude differ- 
ence, mince {t ta in that care we need the radar data the mort," 

68-PA-T-36A (20 Feb.) Subject: “Spacecraft computer programs controlling DPS 
throttling need some changes." "Lt turned cut a qumber of program changes ate 
highly deatrable, 1£ not mandatory, at least for the lunar landing mieaton." 

68-PA-T-41A (21 Feb,) Subject: "Fourth Mission 'C' Rendeevoue Mission Teche 
niques meeting" Memo {a general summation of meeting; endet "Since everyone 
wes having such a good time we decided not to wait two weeks for the next mret- 
ing." 

68-PA-T=46A (1 Mar.) Memo about FLfth "Cc" Miaaton Rendervous Misaton Teche 
atquesa meeting, Ends with announcement of next meeting: "We'll probably 

atart in the middle of the data flows thin time to see if we can get to the 

end just once, Maybe there's something interesting in that part of it!" 

68-AP-T-4BA (4 Mar.) Subject: "Ascent Phase Miaston Techniuqes meeting = Feb, 
27, 1968," "In the absence of Charley Parker, our beloved teader, I inherited 
the job of chairing this meeting which probably accounta for why we didn't reals 
ly get an awful lot done, However, there are a couple of things that are pro- 
bably worth reporting." Systema check to be run immediately after lunar land- 
ing expected to last about 3 tainutea, Until the GO/No GO we intend to remain 
in @ atate From which we can inatantly "abort atage’t and go, After that it 
will take much longer,” Laat point Im memo: "I gueaa IT am attacking the ofd 
"MET mo" in atating that we are serfously handicapped by having no reliable 
definition of the Luminary lunar aurlace and aacent programa, I underatand re- 
view coplem of these rhould be avai sale within 3 to 6 weeks and ft am sure noth 
ing can be done tu apeed them up, “* ye ‘em raw when they get here!"  
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1968-4 

68-AP-T-49A (1 Mar.) Subject: "Fifth 'D' Mtsaion Rendezvous Misaton Teche 

niques meeting--don't mins Paragraph 5: it's great," Para, 51 “The fol- 

lowing 1s the most atartiing conclusion reached today! If the LM PNGCS te 

working but rendegvour radar has failed, we have # serioun problem with the 

LM since no external data will be input to the spacecraft systeme--PNGCS, 

AGS or charta, tn thin cane, it im our recommendation that the command mode 
ule execute the TPL and subsequent midcoutse correction maneuvers and the LM 
do the braking maneuvers," 

68-PA-T-54A (7 Mar.) Subjectt "Sixth 'c! Mlaaton Rendervoun Misaton Teche 

niques meeting," "Tia March ft meeting conflicted with the Presigent's speech 

but a few of ua dedicated jokers pressed on aa follows," Major ttems discus- 

aed in meeting are briefly outlined, Discussion of possibility of extending 

the launch window--launch earlier in the day, T. recommends against, ‘We 

would tike to request that very serious attention be y,iven to this matter pri- 

or to choosing a launch time earlter than currently planned," 

GBeAP-T-55A (7 Mar.) Subject: "Firat ‘E' Hiseton Rendezvoure Misaton Tech- 

niques meeting - March 4,‘' “devoted almost exctustvely to underatanding what 

the misaton requirementa and mission plans are for thia phase of the flight." 
“One nice thing apparent was the substantial carryover from the "C" and "pb" 

misaton techniques meetings which should permit ua to complete work on "E" 

in a considerably shorter pertod than would otherwiee be the case,” Next 

meeting: at 1:00 PM, March 18, in Building 4, Room e96, That's 1300 for 
you Frank,'' (Frank Who? Borman?) 

68-PA-T-56A (7 Mar.) Subject: "Guidance system orflented ground rules for 
TLI Go/NoGo," (a) A TLI maneuver will not be attempted if there te any indt- 
cation that the S-LVB IU guidance system te not working properly, (b) A proper- 
ly operating CSM PNGCS ia not mandatory for TLI, That is, {t fa acceptable to 
make a TLI maneuver with a falled CSM PNGCUS {f the subsequent alternate mise 
ston te conaidered more valuable than remaining in earth orbit,” 

Next mmeo (68-AP-T~57A, 12 Mar.) covers name ground a# 356A with some am- 

plifications, Ende: "Obviously, we have a tot to do, But 1f the ground 
ruler are accepted it ts mostly a matter of implementing a technique we under 
atand, Believe it or not, I think we've got thie TLE thing pretty nearly 

aa licked, I hope so; 

O8-APeT-39A (13 Mar.) Subject: "Seventh 'C' Miaston Rendetvous Mlasion Teche 
niques meeting,'' Devoted mostly to the terminal phase. "Ae you can nee, we 
are rently getting into the fine detatt on the 'C' rendezvous and - predict 
that (f we spend the next two or three seastons going through the miaston teche 
niquer flow charte, we will be ready to call in the reat of the world and we 
coutd then tee thia whole thing down within the next couple of montha," 

68-PA-T-HOA (13 Mar.) Subject: "Lunar Reentry Minaton Techniques meetings 
March 7," "Generally apeaking, t would may thin miaaton phase ta better uns 
deratood and more completely developed than any other In the lunar m'aaton,



    

   
68-PA-T-62A (13 Mr.) Subject: "TRW performance evaluation for Tast A-46, 

"T don't know if cher people have the same problem as I do-emaybe Task A-46 

is unique--but so heip me God, I cannot think of ar ‘thing productive to write 

in those blank spaces on the perinrmance evaluation. . , The A-46 Tack calle 

for TRW personnel to support our Data Priority Mission Techniques meetings... 

They're enthuetastic and have plenty of initiative, tn short, they're doing 

a swell job." High praise of this group, eap, Dick Boudreau. 

68-PA-T-61A (13 Mar.) Subject: “Seventh 'D' Misaton Rendesvous Miasion Tech- 

niques meeting." ‘The 'D' Rendezvous Mission Techniques meeting of March 10 

was probably one of the leant productive ao far, and I sincerely apologize for 

it, t must have been tired or aomething, Even ao, with all that talent pre- 

sent, there must be something worthwhile reporting," 

68-PA-T-634 (18 Mar.) Subject: “Lunar cendervous abort summary." "One simple, 

very aignificant feature of these operations, All lunar rendervous--nominal 

contingency, abort--are essantially the same operation, The only two things 

that influence how it will be performed are: (a) the phasing situation at the 

start; that is, which vehicle (se ahead af the other and how far, and (b) which 

spacecraft te to do the varfours maneuvera." At end of bepage memo: "Well-- 

that was a lot of reading, tl hope {tt helped atraighten out for you what lunar 

rendezvous aborts are all about, TE you etill don't understand {t's not because 

it'e complicated, but rather because I didn't explain it well enough, 50 give 

me acall, Or the people who are really doing the work," 

28-PA-%-69A (27 Mar.) Subject: “Etghth and Ninth 'c' Miaatlon Rendeevous Mie- 

sion Techniques meeting™."" Mostly a discussion of onboard rendezvoun naviga- 

tion with the sextant, ‘hia was brought about by the rather bad experience 

suffered by the 1Cl flight crew and a number of the flight centroltera on the 

Kerinedy Space Center mission afmulator earlier in the week," T, explaina the 

trouble with the sextant at KSC in the next few sentencea, then says, “After 

years of bad-mouthing the sextant, [ find it dL€ftcult to suddenly start de- 

fending it. But an awful lot of analysia and simulation has been done showing 

the system to have some usefulness," Re MAC/FCSD (7): “What a great outfit 

those guys are." 

68-PA-T-71A (4 Apr.) Subject: "Miaalon Techniques for the LM lunar atay %o/ 

no go." "I think we have finally pinned down how to handle the go/no go de- 

ciaton to be made tmmediately after IM landing on the lunar surface,” LM nyse 

tema people aay tt ehould he possible to give a go/nu go within 2 minutes for 

atl ayatems except the APS propellant syatem which will take 10 minutes; actue 

ally therefore there witl be 2 go/ no go's. T. outlines procedure for making 

decision whether to stay or abort, 

68-PA-T-75A (10 Apr.) Subject: ‘Any time! IM life off te an unneceaaary con- 

straint," "f would like to see the Apollo work proceed aa we have taid out, un- 

til someone shows ue what Le wrong with {t and would appreciate you letting me 

know 1f you don'¢ think thia fa a reasonable way to go, Let's aimplify the mia- 

sion and put the burden on the ‘any time’ tife off people, whoever they are, to 

explain why we need tt." (at bottom of memor "No argument." CCK)
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    68-PA-T-83A (17 Apr.) Subject: "Status evaluation meeting - "C" Mission Ren- 
dezvous." Mentions some problems in Sundisk computer program, Alow, "It haa 
become evident that the operational people, Crew and Flight Contral, do not une 
derstand very well how the sextant rendezvous navigation works and how well, ' 

(Quite a change from'T's original impreaston of the sextant--aee 67-+FM1-12, 25 
Jan, 1967 entitled: "Why doex the AAP command module need a sextant?") 

58-PA-T-101A (14 May} Subject: "“Aborta from powered deacent on the lunar land- 
ing mission," Day-long meeting on 8 May to discuss thie subject, Begine by 
discussing several aasumptions on woich the abort procedure ta based; T, indi- 
cates that he expects some of the asmumptions to be challenged: "I'11 bet f 
hear something about this!" and "Someone's not going to like this either." 
Memo discusses the abort procedure, which "ts really very ofmple, at least if 
the above arnsumptions hold up, So simple, tn fact, that I'm sure you'll won- 
der how we spent the day!" 

68-PA-T=L06A (24 May) Subject: “Spacecraft computer program newsletter," 
Dlacuased "apparent defictency (n Sundance," Also, "Our requirementa for 
getting rendexvous radar (RR) data on the downlink while the LM is on the 
lunar surface was discussed again, and [ am afraid [ realiy blew ic, MIT haa 
resisted the program change we requeated and I am beginning to think they may 
very well be right. T, outlines possible s{mple change; saya at end "I would 
be surprised ff {t /the change/ {s not acceptable to MSC even if it ie not 

perfect-ewhatever perfect ia,” 

68-PA=T-IO8A (29 May) Subject: "Spacecraft computer programe-thinga dealing 
with lunar deacent and aborta from it." "Intererting morning at MIT." 

68+PA-T-110A (29 May) Subject: "Progress Report on Mission Techniques," 
"The mtaaton pharne giving me the greatest concern right now ta the rendeg- 

vous on tne "Dp" miaston, . . The alip in the docunentation aince my Match 
1 eatimats {a whown by the diatance between opaa and solid aymbola /on the 
attached chart/, it looks awful and {f I thought it was typical of the fu- 
ture I'd stoot nyrelf right now... . The 'D' rendezvous really turned tnto 
a rather measy problem, When it_comea to d-elopment of mission techniques, 
ft fe unquestionably the worse [sic7 miasion phase to define in the entire 
Apollo program: (a) It te the moet complex mission phase in any of the Apollo 
flights, (6) There are more gulduuce systema involved, none of which are really 

quatifted before the flight, (c) It ts potenttally the moat hagzardour of any 
activity ever undertaken {n the manned space program ip to that potnt, I might 
also add that everyone has their own different opinion on how tt should be done, 
meking it that much more difficult,” 

OH8-PA-T-1146A (3 June) Subject: "Lunar Rendeyyous Mission Techicuea," "On 
May 28 we finally kicked off the Lunar Rendesgvour Misaion Techniques buaincas, 
Recaune of the imminence of mirzatona 'D' and 'E', we atarted on those firat 
nome months ago, Now I wish we hadn't because they are ao darned complicated, 
T have a feeling the lunar rendezvous can be finished up quicker than they can 
and, of course, rome of the things we are planning to do in the lunar operation 
shoutd influence how to go on the development flights," 
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68- PA-T-124A (12 June) Subject; ‘D' mission launch window da nice." Launch 
window {# about two and three-quarters houra long, opening at 10 am EST. "I 
checked with the miaston plan guys and they know of no other activities more 
conalrainint than the rendezvous on the taunch window. Furthermore, they 
never heard of any five minute window, That muat be a Washington rumor," 

68-PA-T-130A (18 tune) Subject: "Can some pre-DOL activity be moved to pres 
LOL?" “As you are no doubt aware, the crew timeline just prior to Descent 
Orbit Insertion (DOI) is terrible, This pertod of activity has grown almoat 
to the potnt of being tnacceptable, Thin te due to the extenaive LM checkout-- 
particularly that requiring telemetry coverage--which unfortunately conflicte 
with other activities such sa making landing site observations," 

68-PA-T-182A (1 Aug ) Subject: "North American Rockwell (NR) participation 
in Mission Techtiques Activity," This memo really blaata NR! "This note {te 
to let you know that NR particivation in the Miaaton Techniquer activity is 
almost negligible, (Except reentry - Bobby Johnson's team working on the EMS 
ts outstanding.) . . . I'm not referring to /the small internal meetings / but 
ratner to the much lesa frequent big meeting., well attended by MIT and (recently) 
by GAEC, Frankly, I don't see how they /NR/ could possibly know what's going on!" 

5B-PAsT+=183A (1 Aug.) Subject: "LM rendezvous radar ie essential," A rather 
unvellevable proposal has been bouncing around lately, Because it ta sertous- 
ly ascribed to a high ranking official, MSC and GAEC are both un the vergs of 
{nitlating activitles--feasibility atudles, procedures development, etc.+-in 
accord with it. Sfiace effort like that ie at a premium, I thought I'd write thie 
note in hopes you could proclaim tt to be a falee alarm or if not, to make it 
one, The matter to which [ refer is the posaibitiecy of deleting the rendezvoue 
radar from the LM," 

68-PA-T=206A (25 Sept.) Subject: “C’ Communication Lows." "A lot of work ts 
sotng tnto the subject contingency = with respect to: (J tiems)... all of 
which are solely for that failure, I won't comment on whether of not it's 
worthwhile. It's too emotional an iaaue to even consider eliminating it, re- 

gardleaa of how you feel, Therefore, by definition (t's necessary to prepare 
for it, This memo ie to report current status of thia effort." 

68-PA-T-208A (26 Sept.) Subject: "Unusual procedure required for LM Ascent 
from the moon," "Jack Craven surprised ua with a tittle jowel the other day 
during the Luner Surface Misaton Techniques meeting, He saya that tn order to 
enable the APS engine-on and staging commands from the LGC, it {ae necessary for 

the crew to depress (now get this) the Abort-Stage button: That ia, depressing 
this button must be pare of the standard countdown procedure to LM liftoff," 

68-PA-T-Z12A (2 Oct.) Subject: "Maybe lunar landing alte observations are 
not needed to fund, "For aome rearon onty knowto my subconacious, I had al- 
waya ansamed the CSM acanning teleacope observations of the lunar landing 
atte tandmarka prior to IM descent were ensential, As a reault of your prob. 
{ng and almtlar commenta by Jack Schmitt, I finally realized tt vee only an ane 
aunption and, much to my embarrasament, find that they are poseibly not mandat- 
ory, . , This note ls Just to tell you we have our heads out of this sand pile 
in case you were concerned."



   
68-PA-T-257A (25 Nov.) Subject: LM DPS low level light fixing, "I think thie 
will amuse you. It's sometning that came up the other day during s Descent 

Abort Mission Techniques meeting." The light indicating that there is about 2 

minutes worth of propellant remaining in the DPS tanke during the lunar landing 
ia attached to the master alarm, "In other words, just at the most critical 
time tn the moat critical operation of a perfectly nominal lunar landing misston, 
the master alarm with all its lights, belis, and whistles will go off, This 
sounds right lougy to me, In fact, Pete Conrad tells me he labeled it complete. 
ly unacceptable four or five years ago, but he was probably just an Ensign at 
the ime and apparently no one paid any attention, If this is not fixed, I pre- 
diet the Firat words uttered by the first astronaut to lend on the moon will be 

“Gee whiz, that master alarm certainly startled me," 
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UNITED STATES GOVERNMENT 

Memorandum 
PD/Chairman, Data Requirements Control Panel pate; VUN 28 1968 

68-PA-T=14 3A 
PA/Chief?, Apollo Data Priority Coordination 

Relative ortentation of the LM and COM navigation baran 

Unlean nom unexpected problem artaes, it ia currentiy planned to 
align the LM platform on the "D" mission for the docked DPS burns 
without AOT star observations, The primiry renaon for this in to 
save LM RCO fuel, although {tt In anticipate’ that overnll crew 

proceduren my alno be nimplitied, The propaned technique tnvolven 
taking advantage of the known relative orientation of the COM and 

TM mavirntion bases, The procern (nvolven reading out gimbal anmles 
from the commind module G&N and performing a simple mthenatical 

transformition - (neluding the docking index reading - to determine 

desired LM PONCS gimbal anvles for DOKY Input. A plece of inform. 
tion norely nerded to evnlunte the quality of thin procedure fen 

knowledge of the accuracy to which we know the relitive orientation 
of the two navigation banes, perticulmrly if nothing npecial in 
done to determine toene yaluen, In other words, an the tpaceernft 
fs constructed, how accurntely are the navigation banes located to 

the principal axes of the spacecraft. If in anticipated that fairly 
larpe attitude errors can be tolernted during the docked DPS burna, 

mikiny ft ponatble to aceept minalignment of two or thre: degreen, 

Tam assuming that 't ia from your pnnel that thin type Informitlon 
rhould be obtnined, If thin in not correct, would you please let me 
know as p00n As ponnltie, 

— 

Howard W, Tindall, Jr v 
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UNITED STATES GOVERNMENT 

Memorandum 
To —;_-‘FML3/Chief, Mission Planning Support Office pate: JUN 2 8 196y 

68-PA-T-Lh2A 

    
From : PA/Chief, Apollo Data Priority Coordination 

aunject: Need to know some transenrth midcourse correction (MCC) AV costs 

I think we have pretty well established the trensearth MCC maneuver 
philosophy now. As you know, it involves miking emall corridor 
correction maneuvers as the!r need becomes apparent. Nominally 
they will be made with the RCS propulsion system utilizing the Scs 
control syatem, Very large attitude errors my be tolerated during 
the burn, 

It is necessary to establish the threrhold Av value below which it is 
better not to make a maneuver but rather to wait for the next opportu. 
nity some elght to twelve hours lster. The threshold, of course, 4: -pends 
on the MOFN uncertainty as a function of time and the translation Av 

@ cont. to achieve a particular objective as a function of time. These 
‘ relations are already fairly well known, but that is not the total cost, 
4 I would appreciate iz if you would initiate a task assignment - probably 

to the Guidance and lerformance Branch - to define the non-transiation 
RCS propellant costs associated with mking a maneuver of the type 
noted above, These «ould involve, among other thinga, the propellant 
required to coarne atten the SCS and to orlent the spacecraft to burn 
attitude, I recentl- anked Chnrley Parker (FDR) to establict, coarse 
SCS alfenment procedures and I would suggest that whoever is given 
this task coordinate with him. 

Howard W. Tindall, Jr. 
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~ Memorandum 
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See list below . : DATS! ye 

TF 6baPAoTeLIOA 

PA/Chief, Apollo Data Priority Coordination ; 

DAP mss properties initialization and update requiremen-e  - . 

Se
 

  

ee 

_Thls memorandum is to bring to your attention the recomm miation 

“of the Guidance and Control Division regarding DAP mass sroperties 

initialization and update requirements which are laid ous in the . 

attached memorandum. 

Thay should be incorporated in cur Mission Techniques products, 

unless you find something wrong with them, in which case we should 

probably contact Ken Cox and/or other responsible Guidance and 

Contrel Division personnel. om 

Howard W. Tindall, dr. 

Enclosure 

Ad lressees; 

¥e3/c. BR. Parker 

gnw/R. J. Boudreau 

ec! 
£623/K. J. Cox 

PA:HWPindall, Jr.ZJjs 
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oS es Lo. Ta reply refer tos 
7 sf ef, Gubuanee and Control Division | ~ BRIA -E7O    Aneurmerdutlons for DA? mass properties snitialization a 

poe ejfdlute Pequirecnts / oo gt    

Voie mawewdas le writsen to oresent recommendations for bimple, 
misclun races for updating: is Apwlio DAP data load mass proyortics 
nett angann trims, Both tne Flight Cestrol Division snd ¥izght Crow 
Sapputt wivicson have recently requested information an this gane-’ 
Henk Arie * 

spebosuec’s tong ? list DAP mass properties update add initing tention 
peg LEONE ane inuicute operational procedures for implementation : mo 
Sotsece coquirements. Ghee JAP update requirementd, eveces ended in. au ® 
denupeft: a, are Giviuca into tat two catupuries of “tandutory” und : 

” ; a.” Shane requirements are applicable to the SUNDISK, 
nth tia ANCH/iaM TNARY oAG"s, and to aiid docked smd urdected 

@ ig nttd se woniehe cuntigurations. The DAP initialisition rnquirce ™ 
Rete, Pies eras in enelosure 2, ure intended to be genuvui onowsh ~ - 
“4 1aver wi tieln Ling Apollo aissiona, yet specific enw mh to have 
BORerGt we for uny given mission. 3 

   

        

wt 

ewiaes mauy for ingwsidlelng nna updating the DAP data honda wiih : o ~ 
vary fron nouslon to aicston, ona the enelosed data load requirements 
nf apitten with that fact in mind, The enclosed requiremants ara 
rucemennca as “rales. of tind” to be updated as additional analysis - 
itn Thiet test date becomes avalluble. . } 

Robert A, Gurdiner ; 
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-' BAP Muua Properties Initiaisaation Requireneate ©. 

ie Sinton 
eH 

Ae Datu Loud © Pad load 6», bey (piteh and yaw trim angles) 
Les Tay @ (yy + ty) @, and for the CSM configuration 
(% alt of bddet aBOrt) vin Routine 3. Ordinarily, the 
Initiad set of trim angles used in eloher the COM or the 

AsM/TM% eonfigurntion will be set tu the expected conter of 
wPavity ab vhu oturt of the Sirat burn in that conPigurutles, 

i 

  

he Chatthetty « S16 DAP dnartia Lowdes Se and Tay, pormnle tiv 
veuntedt id efitedency when they Seereuncnd BU the actuis Lo 
(KIM aulgnte, Thusd paramotera may, however, bu aut pring te 

Viens (for pliot convenience) tu correspuna te a sine 
veblele wuiuh® which does not sertously compromict ACD ate” 
Cleienvy peavided such # weight axiute for a givin mdsulon, 

‘hu velues of the Veniele incrtiug notdd are Seucktud by the 
SUNDISK Proprom during o DAPecontrollua OPS bua, bub aru 

wot regained By the program at the end of the Lurie However, . 
4 gueond sot of inertia values, input prior te the MVC buen, 
wikdl tL fetained, Through tnhia specina feature of BUNDICK, 
cndeufeburn snertiac cnn be anticipated Cor pout=burn DAP 
vperations : 

whe viduec uf the OPS tein angles, bygandéey 5 are way 
srurkun by tie BUNDISK Program during & DAP burn. They are, -— . 

norcuvtie, cubhinad hy the program at the end of she burn, wey 

“hace teim values will be on, or clus¢ to; the feito, and 
whould nurtadly be taken he the trim setting fer the next OFZ, 
vuer if the vehiele configuration is not hang: 40° 

iT. COTAOGLE hee. fe aga Ss 

Ay ibn Toned e Yad Load the SPs tedm onglod, Spgand oye, said bhi 
iM ana ORM enightat vin foutina J, The dabedald trin atgied = 
apn opt Sup tou OSM cunflquration in que of bodat atert.’ | 
uriinnéiiy, the initial tein andhes uaed tn eithur Ge COM ds 
We cyte runfaurabion ure ant to the expected cunter of 
travily au the aturt of the firgt burn in shut eon!'lyuentsun 

He Hanmieth TGA maga pueneberd, Tees Tava Fad Tag / tg ay 
- debepmine fwothin the commuter, from vehiele ronitigueitiod 2. 

with Gtebis VThesa purwmneters and the ATd athe wiles. age 
Lrackeu by tne GtOSUS Program duping u DAP Ve burnt, oo 

Lawrvevet, kany mek artiuinied at the and of the: such fur usd 
. ib oitiatpoarnt BAP NCO of TVG vpuration where the vunitde von 

- , titeentAde le nes ainhgeds Aleo, thu usbront. 8 may Gub the > 
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~ thu te 2: ttle ugeurance that the DP3 gimbal a gies oxieting | 
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Pinna tem angles frum the DAP for manual initieliansion of 
a uubsequens 80S TVC burn. liowever, following an C8 iVC : 
urn, the RCS DAP must be reinitialized with new weights, und 
the IVC DAP with both new weighte and new ¢rim angles, if 
DAP operation is to be resumed,    

  

Datu lond © Pud iond the DPd piteh and rol), trim angles, thu 
_ iM nnd CSM weighta*, by means of Routine 3, The DPQ trim” 

afutlest ary got by Routine 3 after tne operation of Koutine § coe 
had been culibrated against telemetry readeuuts of the GhA : AL 
trunuducera, Ordinarily, the DPS trim angles wild be nut 
initindly to the center of gravity of the vahicio consigue 
fution for which the first DPB burn 46 anticipated in a given 
mlagions 

Commont « Ineflight checkout of the DPS gimbal drive actus 
ators wild arive the DS? away from any previcusly set position, 
Wegey & padeset LSirst-burn trim position. Following ODA . 
checkout, the DPS ia returned to ita initial tia position or ae 
set to some new position by means of Routine 3. Thie position 
can be checked by ground-based telemetry piior '.o burn, if “~ 
the vehicle is within MSFN line of sight prior %o the first Se 
bD?d burn. In such cage, the telemetry monitor wilh know the 
positicn of the DPS with respect to the vehicle center of 
uravity better than the flight erew will know 4%, baenuse (1) 
the GDA transducer outputs (which define the DPS pudition with 
reppuct tu the IM Xeaxia) are observable by the tolumatry 
moniter, whereas they are not displayed to the crew, (”) the _ 
fags tistusy of the velilele configuration ie more closely ace ak 
counted ona tabulated on the ground than onboard. . nif 

  

the UAP maga parometera, Tyy, Tyy, Iya, and Ly aro detormined 
vithin thu computer from vehlole confimuration Velent inute. 
Yhnun parameters are tracked by the BUNDANCK/LUMINARY DAP 
curing « 1 or APS firing. During a DP3 firing, the DPC 
tein wnglev ore also tracked by the program, But, inucmach ua 
Lari migien are attained by a slew speed gimbus drive syaten, 

ht the una of uo DPO firing are on, oF close tO, the Vehicle 
Gets The utter is vapecially true if manativer, were made 
priut too. off. Thus, the final DPS position following a 
Wurh woud not necesourily be taken as trim por tium for the 
neat ovo tram. «(Good OPO trim at the indtinbie tion of a os 
ing} duen i, not osdinarlly eritical Inusmuch ac the engine ia > oy 
Sipet at dow Gneust before the theuttie ju tdwinwi, nadewing 9° 
Lime Mor too ue to be aeivun inte or near tein.) . : 

= , =    
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rrum : PA/Chief, Apollo Data Priority Coord’nation 

   sunjnct: ."C" Rendenvous WeMa trix 

   
This memornndum is to inform everyone in writing that MIT has now ~ 
arreed with MPAD that [t 1s acceptable to use the same values of ©” 
the WeMtrix when reinitializing (after three marks of the lact 
baten Of marks between NSR and PIT) as are used initially. Tt ~- . 
in, it is not neceasary for the crew to pundh new values inte the =, 
DCKY « a clumsy procedure everyone wanted to delete if porsibie. * 
i think Paul Pixley is to be commended for finally getting MIT's 
agreement to th.a orew procedure simplification, " 

The actual values to te used initially « that 1a, the pre-launch 
erasable load vaiues + have not been finally agreed to yet,‘ but ta 
That will not affect tne crew procedures, Today'a best guess is : 
1000 feet and 1 fps. 4, : 

         
   
    

     

it is recommenied that the flirht crew and thoce responsib.e for 
documenting erew procedures, etc, adopt thie miseion techn:.ques 
immediately, I have already told most of those concerned ty the 
von Ameches e . 

Howard We Tindall, Ir 

Ardronsecs! 
(Gee List ottacted)   
PArMTindall, Jvetjs 

Buy U.S. Savings Bonds Regularly on the Payroll Savings P41



    

FROM : 

suayect: 

mee 

een Poeun (u ern) mone 

UNITED STATES GOVERNMENT 

Memorandum 

68oPAsTH137A Pa/Chief, Apollo Data Prierity Coordination 

"D” Rendesvous Mission Techniques Ground Rules, Working Agreements, and other things 

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

Prior to the meeting I distributed » list of working agreements I thought we had reached previously. ‘The crew presented another dist dealing primarily with the docked LM activation/mini «football period based on a lot of Planning and simulations they have been doing lately. Te major part of the meeting was spent going through these lists. 1 have since compiled a new aet derived from those « including the Changes, agreements, and comments the discussion brought about, This list te attached and wa can review it July 12, ‘The last section lista some major discussion items still open. A list of action itema ia natso attached since they help to Paint the picture of our current rtatus, which I would describe as being typically frantic, 

UA 
Howard W. Tindall, Jr. 

Enclosures 3 

Addressees: 
(Bee list attached) 

PA:HWTindall, Jr.sJa 

Ws ree pare 

Buy U.S. Savings Bonds Regularly on the Paypal! Ceotes, Dp...



F. Gordon 

L. Schvelokart 

B. Aldrin 

Conrad 

C. Linebderry 

W. Pace 

¥. McCreary 

T. Pixley 

Le Accola 

D. Nartley 

Nathan 

B. Craven 

G. Renick 

EK. Penner 

De Rord 

Holkan 

Neubaur 

5. Mirzano 

Wepener aa
 
2
5
3
 
3
4
4
3
2
2
3
9
3
4
3
 

R
R
2
0
 
G
e
a
a
g
e
a
x
 Rg. 

Q. 

N. 

M. 

M 

Be 

Je 

T 

A. 

dD. 

dD. 

8. 

R. 

ve 

a. 

Hq. 

R. 

He 

R. 

J. 

P, 

g, 

x. 

v. 

Be 

0. 

Q. 

qe 

Ve 

W. 

A. 

D. 

x. 

Fanning 

Ranmeter 

Hutchinson 

Kennedy 

Contelia 

Gardner 

Rivers 

Holloway 

Jackson 

Travies 

Mosel 

Paddook 

de 

W. 

E. 

R. 

L. 

Cc. 

dD. 

Le 

Mw. 

5. 

A. 

Boudreau 

Wright 

Scheppan 

Klein 

Baker 

Woodring 

Lovenstein 

Nevino 

Kachmar 

Muller 

Larson 

Enelesure 1 

e
e
 

R3
3 

3
8
 

8S 
g
s
a
s
g
e
g
g
a
a
a
s
 

  

Link/Sineom 

Mrt/rn , 

Mrt/TL 

Mtt/mL 

Mtt/m, 

 



  

June 18, 1968 

"D" MISSION RENDEZVOUS GROUND RULES WORKING AGREEMANTS 

AND THINGS LIXE THAT 

  

1. General 

  

_ f. The reference trajectory is that provided by MPAD dated Juno 7 

be Nomenclature for the burn sequence following undoeking in: 

(1) RCS Separation 

(2) Phasing 

. (3) Innartion 

(4) TPE, + If abort from football 

(5) csr, 
(6) cDH, 

(7) Pt, - IF abort from lst bubble 
(8) csr 

2 

(9) cot, 
TPT @ (10) 

(11) aa 

c. The rendezvous will be run throughout with the vehiclr roll anglen ¥ 

0°, The only exception to this is the RCS Separmtion burn where the CSM roll 

In 10°. A An? roll will be performed by the COM Immedintely prior to or 

during, the IMU allienment following the RCO Separation burn, (1.¢., TPT from 

above will be int«tated "hends down" and TPT from below wlll be initdated 

"henln up" for either vehicle.) 

de LM and COM state vectors time tagred 12 minuted beforn RCS Separation “ 

ure uplinked to the CMC and LOC prior to undocking. State wotorns are not 

sent tu either vehicle neain until immediately after Trt,, wien the rendezvoun 

nivipntion problem in reinitlalized. At that time, state ve-tore are sent 

for beth apnecernft and to both computern, IMU alipnmento v.11 also be mde 

e ato these potntsa In the exereise aml take preeedence over the state vector 

hneloantre 2  



uplates if Limline conflicts develop, ‘ 
ue On both spreeeraft all rendesvoun navigation will be carried out to 

ugalnie the Li state vector. That io, the LM radar data would be used to 

upinte the LM state vector in the LGC and the COM sextant data would be used 

to update the LM atate vector in the CMC, 

f. The CMC's LM state vector will be updated after euch LM mneuver 

with the R-32 Target Ay routine uaing the preburn values as determined in 

the IM's pre-thrust program, 

@. The AGS should be miintained in that state which makes it most unc} 

ful to perform the rendesvous in the event of PONCS failure, If, after having 

established the preferred techniques in accordance with that ground rule, 

it 18 possible to include some AGS systems tests without jeopardizing crew 

safety or other mission objectives, they would be considered, 

h. The state vectora in the AGS will be updated each tim: PONCS ip 

confirm:d to be acceptable. This will likely be at each time it is 

committ:d to mike the next muneuver using the PONCS except pe:hapn TPT. 

i. AUC alignments will be made each time the PONCS in realigned and 

ench time the ctate vector in the AGS ie updated from the PONCS, 

Je If PONCS, RR, or GAN fails, the remlesvyous io terminntea at the next 

TTT opportunity. 

ke The AGS in not mndatory for the rendezvous oxeretuo, That is, if it 

falla prior to or during this mission phase, the exercise shell continue, 

2. Prior to Undocking 

ne The crew wili synchronize the CMO elock as precisely as possible 

uttlining informition voleed from the prounl., The crow will provide Initinl 

nynehronivation of the LdC to the CMC alock. The eround will Provide the 

necennury Informbion by volea for fine nynchronization of the Loc clock,  



  
    
  

This nuperendon the miseion rule vhich specifies resynchronisation of « 

tyannnmlt, nlock only whenever it disagrees with the ground reference by more 

Lon G4 senunis. 

tu. ‘The LM Rendezvous REFSMMAT is that of a "nominal" alignment for 

T (align) = TIG (TPT), It will be uplinked from the ground, 

ce ‘The C8M Rendezvous REFSMMAT is defined by a stable member orientation 

where: 

X Cam = 7 IM 

¥ com = ¥ uM 

2 CSM = -X LM 

da, Prior to undocking, the CSM will maneuver the docked vehicles to 

nn inertial attitude such that with no further attitude Mineuvering the 

COM will be oriented approximately 160, 0, 0 (roll, pitch, yaw) with respect 

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

batween the exact local vertical attitude and 160, 0, O ie due to the regression 

of the line of modes from TIG (RCS Separation) to TIa (1PI,), and the fact 

that th? CSM REFSMMAT is nominal at TPL,» 

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

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

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

brown COM/LM reometry (with account of the docking, ring, ane Ag being taken) 

1o conrie alien the LM IM to the inertial frame. The CBM an! LM cinbal anjlea 

ara then compared direetly (via V1LENZ0) and coarse align and attitude dead 

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

alien routine (vh1),



   

  

fT. ‘The: forma used for docked alignment with identical REFSMMATS io: 

Oy © (300 “As) = OCA, 
TOA, TOAgy + 1 

MIA" “MBA, 

wherc Ag is the docking ring angle. 

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

oriented: 

han” Zou 

Tn * Yon 

Be” Xoy 

Oda, = (300 -Ad) - oc, 
TOA), " IGAy, + 90 

MOA, * MAL, = 0 

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

  

equations will be used fcr the LM alignment prior to undockin::. 

3- Undocking, station keeping and IM inspection 

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

with the CSM orlented to the inertial attitude for that burn. Average 4 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 ceconds prior to RCS Separation. 

be Following undocking, the C6M will mintain attitude ard will be 

renponotble for station keeping, The LM will yaw right 120° em pitch up 

00° placing the two apnecerntt “none-to-nose." (crewmen "nose -tosnose")    



  

C. The LM will yaw through 360° («1°/sec) permitting the CSN to conduct 

a visual inspection of the landing gear and LM structure, 

4. After completion of 3c, the LM assumesthe station keeping task while 

the CSM prepares for RCS separation. 

h. 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 FIAI's - LM: 0, 180, 0 - CSM: 190, 0.0). (FDAT 

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

read in the order outer, inner, middle). 

b. The CSM will execute a 1 FPS radial inward burn for the RCS 

Separation burn; 1.e., the CSM will burn 1 PPS -Z (body). This burn wiil 

employ the P30, Peli sequence. IM uses R-32 to update CSM state vector in 

the LGC. 

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

perform REFSMMAT IMJ alignmente, 

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

be moved apain after that, 

ve Ynaning Maneuver 

ne Phasing tarpotin: is established pre-flight. 

be The phasing burr will be executed under AGS control vith Poncs 

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

will te advanced erioply to approximtely 40% and left there til auto-cutore. ‘the 

PONCS reoidual velocities will be burned to zero by use of programs 30 and 4G, 

 



  

e, The horizon is used as a burn attitude check prior to the phasing 

buen when AG In under control, The round supplies the LPD pitch angle for 

thin aheon, 

fy Tle 

ae If HONCS, rendezyous radar, or C8M GAN rails prior to insertion but 

after phaning, TI, is performed, Aa a atandard operating procedure during 

thn football rendezvous, a IM and COM should both be tarreted and prepared 

to exeeute the TPI if .n abort ts necessary, If the failure io LM PGNCS, AGG 

ie used for sy2cuting TRI, A 130° transfer angle shall be ured for aborts 

from the footbell rendezvous. (3¢e action item 5) 

T. Insertion Manyuver 

Preflight targeting will not be used for this Maneuver, The ground 

procedures for determining the insertion maneuver are an followa: The mcc/ 

RTCC will utilize the two-impulse logic (Nncc/NBR combination) to achieve 

the proper differential altitude. Tne computed value of the NCC mineuver 

will be used ao the insertion marcuver, The NSR will be forced to occur 

at npopee even if station coverape will not be availnble there for thin 

(cont, ) mineuver, 

} rt Se Gly, am Oily 

fe Anu nominal pri cedure, the command module will be tirgeted with 

“mirror imen" mineuvers to be executed with a ono minute time delay in the 

event the IM in unable to muneuver, Some bingen will bo addi-d (Bee notion 

ttom No. 4) 

|



      
he In the event the LM has performed. ani Liape mneuver prior to n 

minconzine Miture, the LM wil\ remove that AV to mintaln correet targeting 

of the COM mirror innge burn. 

ec. za Poncs Ay solutions will be compared with the ground. If the 

nolutionn agree, the PONCS solution wilt be burned, There witl not be 

comrtnons with AGS, ehirta, or COM. 

4, In the event the ground solution in to pe used, it will be executed 

ualng one AGS which has been targeted with the MOFN solution ns a atandard 

procedure, The extern AV mode is used, 

e. No radar data shnll be input intotune AOS prior to CSI and CDH. 

f, There will not bo any backup chirta uned for CBI, ip The LM shall 

hava Sacicup charte for ODH and TPI. The command module pilot will be unnble to 

compute onboard chart so°utions for TPI due to the pres of other activity 

and so they will not he svallable as a data source, 

oe TPH Ue 

an. Lf the LM PONCS is working but rendervoud yadar has failed, no 

exterml data will be input to the spacecraft syntemie===PONCS, AGU or 

chartn. In this ease, the command module executes the TPT and subsequent 

midcourse correction maneuvera and the IM does the braking mancuver if 

vintblitty permits, However, the commnd module, of course, must compare 

fhe PPT aelution with the MIP and that commrinon mist be favorable, (1¢ 

nol, wee Lob) The commn module would voice relay to the LM ihe manecuvern 

Eh baer eouted: En order hat the TM erew could update the comand medvle otate 

yertor Ti the BAQ@ iti fae dard Ay Pram ' 
> 

’ 

@
-
4
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a be If the 1M PONCS hae failed but the RR is vorking, compare the onboard 
chart solution for TPT with the MEFN. If the comparison ie favorable, execute 

the chart solution and, {f not, use the MBF AV's executed at a time determined 
onboard the spacecraft. The meneuver would be mide using the AOS external Ay 

mode. 

  

10. For Discussion 

fa 
£ ne 

Tf LM PONCS/MAYR comparison shove Gieagrnament, shal a LM chart/ 
MSFN comparison be made and used if favorable or shall the ground solution 

de burned regardless of the chart solutions? 

: b. If both RR and CSM GAN have failed, shall the LM perform TPr using 

f chart solution or what? 

e ¢. GACD hae recommended in their memo, BOZ1-M-59-65+376, that the AGS 

be used In the following ~anner on the "D" Rendesvous! 

  

(1) Align and initialize the AOS to the PUNCS after ench FoNcA 
i alignment. 

(2) Perform AOS targeting for all ren} and peeudo-burns using the 

onboard solution. Fxecute the burne with PONCE, untese PONCE hon fniled, 

(3) Perform an accelerometer calibration before each real and pooudos 

burn, 

(4) Parform gyro calibrations in sufficient number (at lenst four 

times over a two-hour pericd) to verify the technique, 

(5) Perform at least one AOT or COAS ol/enment of th: AGS, preferably   
AOT, 

   



    

  

    
    

   

    

(6) Update the AGS with the RR hear the second TPT burn, 

(7) Im the avent of a PONCE failure during the second rendexvoun 

sequence, Compare the AGS solutions with either charts or MOFN and execute 

the burns with the AGS if there ts reasonable agreement. The AGS should be 

updated with the RR, 

d, Review procedure and expected accuracy of the inittal 1M piatroem 

drift test mada while docked to the CSM. 

#. Review Migaion Control Center/erew pat monenge formita, 

  
   



  
  

. June 14, 19e0 

@ "D” RENDEZVOUS MISSION TECHNIQUES 
ACTION ITEM LIST ’ 

(To be discussed at next muting) 

1. FCSD and MPAD will provide for review an upetoedate rendenvous navigation 

tracking achedule for both the LM and COM, mn, 

es MPAD to preeent the pre-rendesyous maneuver ground rules and techniques to 

provide adequate lighting conditions and station ecoverare, 

3. MPAD to report on analysts regarding modification of the Red Sepa t ton 

burna to reduce probability of recontact due to amili mineuyor execution ' 

dispersions. 

4, MPAD to report on which mirror imige maneuver! Need be biased an well 

ag contequence of not delig so. 

ov Crow will report results of similator exercise Tegarding use of unetaged 

6. in terminal phase rendezvous, 

fi. FCD to report on techniques for checking the rendezvour roinr during 

the mint-footbyll and the football phase for purpose of go/no yo. 

7. MPAD te report conrequences of using the MOFN uplinked Panes C51/cDn con 

tarreting in the AGS for moneuver axecution in the event of Ponce fallure, 

That In, are the errors thus tncurred acceptable? 

8 FOSD will define Limite of neceptable (Pt time slippage beyond whet 

corrective action must be taken, Apparently, they will be bined on USM 

active rendesvous lighting constraints, 

9. MPAD te establish acceptable difference limits for une in sompar ison 

of onborrd ve MBFN rendervous targeting (CSI, CDH, and TPL), 

10, MIT to pranent recomended procedure for controlling the ' -mtrix by 

o~ Inrut to the LOC and CNC, 

Fn lecure 4



    

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

of CDH execution time which has been phowing a tendency to be late, If 

this peratats, it will reault in TPT time alip, excess RCA AV contin, atl 

dirftoulty tn nelution comparison, 

12, FCD will report on nceeptabllity of onbvonamt PONCS aecceleronoter hing 

determination while out of MOPN station covernye, 

13. Rendezvouo mancuver monitoring procedurrn will be reviewed far both 

oritical and noneeritiesl rendezvous phase burna, Attitude, atillude rate, 

and over and under speed limite will be established a6 well an the n¢ctiona 

to be taken if they are exceeded. This, in effect, encompanios the procedurres 

to be followed in the event of a partial burn,



    

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANA( 1) SPACECRAFT CENTER 

ItnsstOn, Texas 27086 

JUN 26 1968 
eet pe te 68.PA-TA136A ' 

THROUGH! NASA Resident Apollo Spacecrart Program Office 
Massachusetts Institute of Technology 
Instrumentation Laboratory 
Cambridge, Massachusetts 02139 

nv 1 Massachusetts Inatitute of Technology 
Instrumentation Laboratory 
Cambridge, Massachusettes 02139 
Attn: D. 6. Hoag, Director 

Apollo Guidance & Navigation Program 

FROM : Chief, Apollo Data Priority Coordination 

At the Juny 1b "D" Rendezvous Mission Techniques meeting, I 
unoffictally (I guess) assigned an action item to your people 
who were there, Specifically, we asked for MIT's recommended 
procedure for adjusting the Wemtrix during rendezvous navigation 
in both the LOC and CMC. As a miter of fact, I understand that 
your people intend to discuss this with the "D" flight crew while 
they are there the week of June 17, However, I would appreciate 
it if you could write down the procedure you recommend in one of 
your informal MIT memos for discussion and incorporation into the 
mission techniques at our next meeting, 

Incidentally, I think there was substantial benefit from having 
your people at our last meeting and hope they can come dewn for 
the next one, which is currently scheduled for July 12, 

Howard W. Tindall, gr. 

Enclosure



  

i. 

2. 

3. 

h, 

“D" RENDAZVOUS MISSION TECHNIQUES 
OFEN ITEM LIST 

(To de diacunned at nuxt mocting) 

GACD bis recommemted in their memo, FO?1-M-59-68-376, thit the AGH 

be used in the following munner on the "D" Rendesvoust 

@. Align and initialize the AGS to the PONCS after each FONCS 

alignment. 

bd. Perform AGS targeting for all real and preudo-burne uning the one 

board solution. Rxecute the burnea with FONCS, unless FONCS has 

failed. 

3. Torform an accelerometer calibration before ench real and pscudo- 

burn. 

4. Perform gyro calibrations in sufficient m (at least four 

times over a two-hour period) to verify th cehnique,. 

e. Perform at least one AOT or COAR Alicnment of the AGS, prefernbly 

AOT. : 

f. Update the AGS with the RR near the second TIT burn. 

@- In the event of a PONCS failure during the second rendervour 

Bequence, compnre the AGS solutionn with either eharta or MOF 

ant oxecute the burns with the AGS if there te renromble agrece 

ment. The AGS should be updated with the RR. 

MPAD to present the pre-rendervous ground rules and technique to 

provide adequate lighting conditions and station coverace, 

MPAD to report on annlysin regarding modification to the RCS Semrntion 

burnn to reduce probnhility of recontact due to small mincuver exceution 

dioperasons. . 

MIAD to report on which mirror fimge mancuvern need be bianed an well 

on concsequeneer of not doting, ro. 

Crew wild report results of olmulator exercine regarding une of unntiged 

TM in terminal phane rendervoua. 

' Fneloaure 1



  

tT 

8. 

9. 

10. 

12. 

13. 

xh. 

45. 

16, 

Fcp to report on techniques for checking the rendesvous radar during 

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

MAD to report connequences of using the MBIN uplinked FONCS C8z/CDil 
targeting in the AOS for mncuver execution in the event of PONCS 

~. fnilure. That is, are the errors thue incurred acceptable? 

“FCBD will define limite of acceptable TPT tim: slippage beyond 

which corrective action mist be taken, Apparently, they will be 

based on CSM active rendezvous lighting constraints, 

MPAD to entablish acceptable difference limits for use in comparison 

of onbonrd va MOFN rendezvous targeting (CSI , CDH, and TYr), 

MIT to present recommended procedure for controlling the Wemtrix 

by crev input to the LOC and CMC. 

MPAD to report results of their survey into the onboard computation 

of CDIT execution time which has been showing a tendency to be lute. 

If thie pereiots, it will reault in TPE time slip, excens Res Av 
costa, and difficulty in solution comparison, 

FCOD will report on acceptability of onbonrd PONCS accelerometer bian 

determination while out of MSFN station coverage. 

Renlervous maneuver monitoring procedures will be reviewed for both 

eritteal and non-critical rendezvoun phane burns. Attitude, attitude 

rate, and over and under speed limits will be established as well an 

the actions to be taken if they are exceeded. This, in effect, encom. 

panses the procelures to be followed in the event of a partial burn, 

Review procedure and expected accuracy of the initial LM platform drift 

test mde whtle docked to the CSM. 

¥CED and MPAD will provide for review an up-to-date rendeszvous navigation 

tracking sehedule for both the LM and CSM. 

Review Mincion Control Center/crew pnd mennage format.
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list below pata: VUN 2! 1968 

. 68-PA-To23KA 
PA/Chief, Apollo Data Priority Coordination 

Request to check some IM) alignment equations 

The "D" mission flight crew has developed in detail the technique 
for aligning the LM platform while docked te the CSM which utilizes 
our knowledge of the relative alignment of the Nav bases on the CSM 
and LM. Part of the procedure is to eatabliah the required LM IMJ 
gimbal angles to be input into the LOC based on gimbal angles read» 
out of the CMC and the docking index reading, Rusty Bchweickart 
derived the following equations for this purpose. 

1. The formula used for docked alignment with identical REFSMMAIS 
iss 

Oda, = (300 -Ag) - oar, 
T0ALy . TOA oy + 180 

MOA y * “MAG, 
Where Ag is the docking ring angle 

2. The formula used for docked alignment where the stable members 
are oriented: 

ha" oy 

Sau * Tom 

Fn” Xu 
ies 

O0A,, = (300 -Ad) - ocr, 
TOA, 4, * TGAny + 90 

MOA & MOAQ, = 0 

This ia a special case forma only valid where the CM MG «= Oo. This 
set of equations will be used for the LM alignment prior to undocking. 

We would very much appreciate it if you would have someone in your 
organization check these equations to assure they are correct and to 

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



  

ft 

report the results of their verification at our next "D" Rendervous Misaion 
Techniques meeting, currently scheduled for July 12 in Room 378 of Building 

Howard W. Tindall, Jr. 

Addresseen: 

MIT/IL/Director, Apollo Guidance and Navigation Program 
BG/Chief, Guidance and Control Division 
FMA/Chief, Mathematical Physics Branch 

ae: 

FC/E. F. Kranz 
CB/R. Le Schweickart 

PA:HWTindall, Jr.:Jjs 
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UNITED STATES GOVERNMENT 

Memorandum 
703/Chief, Mission Planning Support Office ATR: JUN 20 1968 

6BaPATo13HA 

yA/Chief, Apollo Inta Priority Coordinntion 

*p” Rendezvous Misaion Techniques Task Assignments for MPAD 

Attnched da a List of action items associated with cur work on 

"Dy" Rendezvous Minsion Tochniques. Would you pleane sec that all 

there assigned to MPAD are covered ty proper Tank Ansignments 

(I expect that mont of them already are), Specifically, items 2, 3, 

hk, 7, 9, axd 11 are prombly OMAR's jobn and item 15 is probably 

Mints, Some of the others my alro benefit from MPAD attention. 

For example, item 13 my require rome sendenvoun trajectory considers 

ations in establinhing the limite. Paense look it over. Chuck Pace 

win ab our June 2 meeting art knewt 91) avout these, Weld Like 

revulta for the next necting - July 1? - if at all. pornible. 

Viva Oi See, 
Hovard “. Tindall, Jr. 

Fnelouure 

ece 

FM/J. P. Mayer 
Cc. R. Ihas 

FMLG/C. We Pace 
ri /J. C. MePherson 
¥vG/E. C. Lineberry 

PAsMWrindall, Jr.*Je 

Bay U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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   "D" RENDEZVOUS MISSION TECHNIQUES 
OFEN 1M LIST 

(Yo be discussed at next meeting) 

C&CD has recommended in their memo, 2021-M-59-68-376, that the AGS 

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

a. Altgn and initialize the AGS to the PONCS after each PONCS 

alignment. 

b. Ferform AGS targeting for all real and peeudo-burns using the one 

board solution. Execute the burns with PONCS, unlens PONCS has 

failed. 

ce. Perform an accelerometer calibration before each real and pseudo- 

burn. 

a. Perform gyro calibrations in sufficient number (at least four 

tims over a two-hour pertad) to verify the technique. 

e. Perform at least one AOT o* COAS alignment of the AGS, preferably 

AOT. 

f. Update the AGS with the RR near the second TPI burn. 

@ In the event of a PGNCS fMmilure during the second rendezvous 

sequence, compare the ACS solutiona with either charts or MOFN 

and execute the burns with the AGS if there is reasonable apree- 

ment. The AGS should be updated with the RR. 

e 

MPAD to present the pre-rendezvous ground rules and techniquen to 

provide adequate lighting conditions and station coverage. 

MPAD to report on analysis regarding modification to the RCS Separation 

burns to reduce probability of recontact due to emall maneuver execution 

dispersions. 

MPAD to report on which mirror imege maneuvers necd be biased as vell 

as consequence of not doing so. 

Crew will report results of simulator exerciso regarding use of unstaged 

1M in terminal phane rendezvour. 

FEnelorure 2 

 



@ 6. 

8. 

9. 

10. 

il. 

13. 

dh. 

15. 

16. 

FCD to report on techniques for checking the rendervous radar during / 2 

the mini-footbell and the footbell phace for purpose of go/no go. “ 

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

targeting in the AGS for mneuver execution in the event of PGNCS 

failure. That is, are the errors thus incurred acceptable? 

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. 

MPAD to entablich acceptable difference limits for use in comparison 

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

MIT to present recommenied proceedure for controlling the W-matrix 

by ervy input to the LOC ani CMC, 

MPAD 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, 1t will result in TPI time slip, excess RCS Av 

costs, and difficulty in solution comparison. 

FCD will report on acceptability of onboard PGNCS accelerometer bias 

determination while out of MSFN station coverage. 

Rendezvous mncuver monitoring procedures will be reviewed for both 

erltical and non-critical rendezvous phase burrs, 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, encom- 

passes the procedures to be followed in the event of a partial burn. 

Review procedure and expected accuracy of the initial LM platform drift 

teat made while docked to the CSM, 

FCSD and MPAD will provide for review an up-to-date rendezvous navigation 

tracking schedule for both the LM and CSM, 

Review Mission Control Center/crew pad message format, 

| | .
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UNITED STATES GOVERNMENT 

Memorandum 
See list below ‘ pate: JUN 21 1968 

68-PA-T-131A° 

PA/Chief, Apollo Data Priority Coordination 

: Let's add a plane change into the lunar rendezvous timeline 

The June 13 Lunar Rendezvous Mission Techniques meeting was devoted 
to how to handle the plane change. As noted in my last bulletin, 
this problem had to be solved before we could do any meaningful 
work in the development of lunar rendezvous mission techniques. In 
my opinion a pretty good approach has been agreed to. It involves 
the addition of a new maneuver in the timeline, specifically, for 
cleaning up the out-of-plane situation. Although it is not certain, 
I expect this maneuver, which will occur at a fixed time - 30 minutes 
after CD% - will be performed by the CSM. It is almost mandatory to 
schedule this burn at a fixed time on such a short rendazvous as this 
in order to prevent it from interfering with the other maneuvers and 

the rendezvous navigation. However, ac you know, unless it's controlled 
somehow, a plane change (1.¢., the node) might naturelly occur anywhere. 
Therefore, several other things also had to be settled to permit this 
particular approach. They are: 

1. The LM shall burn whatever out-of-plane velocity is known to 
exist ak the CDH time as part of the CDH maneuver. This will force a 

node 90° (i.e., about 30 minutes) later. Both the LM and the CSM have 
the onboard capability of computing this parameter using Routine 36, 
and the CM crew can input it into the CDH targeting. (The CSM will use 
the same routine to target its plane change 30 mimtes later.) 

e. In order to keep the out-of-plane component of the CDH maneuver 

within reasonable limits, it is necessary to set up a nominally in-plane 
situation at LM insertion. If this is done, the CDH out-of-plane will 
only be due to MSFN Ascent Targeting error and IM PONCS dispersions 
during Ascent. These together are estimated to be no more than 35 fps 
which is approximately equal to the in-plane component. This means we 
shouldn't have a LM gimbal lock problem there. 

2. There are two ways of doing this. Either the CSM must make a 
plane change prior to LM Ascent or if the required plane chinge is less 

than 50 fps, we can yaw steer the LM into the CSM pleve during Ascent. 
That .6, if the pre-Ascent plane change required is that small, we can 
.probably simplify the operation by "dog legging" the LM Ascent and omite 
ting the pre-Ascent CSM plane change. 

Buy U.S. Savings Bonds Regs/arly on the Payrell Savings Plan  



          

rt 

kh. PI was scheduled to occur 20 minutes before darkness. However, in 
order to provide time for thie extra maneuver, FOSD has agreed that TPT 

can de moved later, Their second prefereace ie a good one « midpoint of 

darkness, This gives at least 67 minutes between CDH and TPT which makes 

the new plane change maneuver fit in nicely, The timeline looks like 
this now. (All the numbers are minutes.) 

  

  

} 36 + 3 4 20 —_ a. 1 

con : 
IM CsI and we... Trr 

LK FC 

t ey ar TW TH 

5. Note that we have moved COI from 30 to 35 minutes after insertion 

and I've anked Ed Linevberry to see if we can move it even later, The pres 

CGI timeline ia quite crowded and {f the LM bas to do an IMJ alignment 

after insertion, they will not get mich rendezvous tracking in. 

6, to de the plane change, the CSM (or LM) will have to reorient the 
IMU, probably by pulse torquing. In omer to minimize the induced error 

which 15 proportional to the extent of the reorientation we should probably 

only move the platform the amount necessary to avoid gimbal lock « say 20 

or 30 degrees, This would mean the crew will not have the FOAL ball at 

0,0,0 for the burn. 

’. If the CGM doesn the plinne change, it my be preferable to omit all 

aubanquent cextant tracking and to rely on VIP ranging enly. With the new 

TPI time, there is likely to be some sun interferwnce anyway and it sure 
aimplifies the CSM pilot's task. . 

At the next meeting welll pin down which vehicle should make the plane 

change, review the rendezvous navigation tracking schedule for both 

vehicles, and begin to fill in the detaile, 

bso DN idan, 
Howart W. Gtadall, dr. 

Knelosure 

Ltat of Attendcen 

Addrrorecut 
(Gen Lint attnehed) 

TArW?ineall, dretjc 
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UNITED STATES GOVERNMENT 

Memorandum 
FC/Acting Chief, Flight Control Division DATE! JUN 1 8 1968 

68-PA-T=130A 
Pa/Chiet, Apollo Data Priority Coordination 

Can some pre-DOl activity be moved to pre-LOt? 

See 

An you nre no doubt aware, the crew timeline just prior to Deacent 

Orbit Insertion (DOI) ie terrible. ‘Thia period of activity has 
grown Almost to the potnt of belng unacceptable, This is due to 

the extennive IM aheakout © particularly that requiring telemetry 

covernge = which unfortunately conflicta with other activities such 

ao mking landing site observations. 

Pete Conrad had a suggestion the other day which your people are 
probably in the beat ponltion to evaluate, It wis hie opinion thet 
na lot of the LM checkout could be done prior to Lunar Orbit Insertion 

(LOI). One thing that mkee thie attractive in the continuous 
telemetry coverage we still have at that time. In any case, I would 

like to suggest that you have your people look into how much of the 

LM activation and checkout could be done at that time in order to 

relleve our serious pre-DOI situation. 

' —_—” 

Howard W. Tindall, Jr. 

ect 

cn/e, Conrnd 
Cr34/T, duillory 
rni/A. Conen 
PA/G. Ce Kraft, Ure 
FC /3. §&. Hannigar 
reh/R. Le Carlton 
FCh/J. Bs Craven 
Fw. Re Mice 

PAHWTindall, Jretis 

Bay U.S. Savings Beads Regularly on the Payroll Savings Plan  
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@ UNITED STATES GOVERNMEN; Oe ent Seven Certor 
Mission Viannlag & Acaipia Bivalen 

Memorandum 
TO : See lint below para: JUN {8 1968 

68-7109 7 
yrom : ¥M/Deputy Chier i 

sunyect: 16 will alveys be used on "0" {tf Gal falle 

EMG will be used for controlling reentry on the "0" mission in the 

event of a GAN fa'lure regardless of when thet failure scours. Thies 

Mr. ©. C. Kraft announced at his Monday morning meeting that the 

| was decided over his mild objection at George Low's COB meeting last 

week, 3. a 

e@ . Rovard W. Tindall, Jr. 

Addressees; 
FM/J. P. Mayer 

C. R. Huse 

m2/R, Re Rita . : 
™M13/R. P. Parten 5 

J. Re Gurley . 

E. D. Murrah 
A. Nathan 

FMG/M. Collina : 
rvs /P, T. Pixley i 

R. T. Savely 
rv /R. KE. Ermll 

He. De. Beck . . - 

Fv4/R. R. Regelbrug se 
Ke A. Young 

¥w7/8. P. Mann i 
Ra 0» Nobles 

; . 

¥w/Branch Chiefs ie : 

FMHWTindall, Jr.tje 
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TO 

  

UNITED STATES GOVERNMENT 

Memorandum 
Pa/Manager, Apollo Spacecraft Program Office = pare, JUN 1 4 1968 . 

6B=PA=T=125A 
Pa/Chief, Apolio Data Priority Coordination 

Apollo Crew Safety Review - Action Item No. 12 

‘Tie memo is in reply to PA/GA-MIT2, dated May 13, 1968, Jn which you 
requested thet I evaluate action item No. 12 and submit recommendations 
for review and implerentation, Specifically, the item wae: 

“an evaluation of the acceptability of pre-retro fire 
procedures considering eliminating any excess crew activity 
just prior to retro fire.” 

I have discussed this item with the Chairman of the Apollo Crew Safety 
Review Board, Mr. John D. Hodge, on several occasions and it ie my undere 
standing that they no longer consider thie an area of concern. In fact, 
Mr. Hodge informa me that they deleted thie action item prior to their 
presentation to General Phillips on May 28. The epecific thing they 
were concerned about was that crew procedures required one of the crew 
to be in the lower equipment bay shortly before retrofire for final 
IMJ alignment and spacecraft attitude checks. This activity ia not 
mandatory and is left to the spacecraft Commnder's discretion as to 
what will be done, It is anticipated that substantial experience will 
be available to the crew prior to the retrofire maneuver, which will 
permit them to determine time required for crew movement and task 
completion. If there ia any question at all of running out of time, 
the activity will, of course, be deleted or terminated. ‘This has been 
discussed with thoee responsible for developing crew procedures as well 
as the "C" mission flight centrollera and I believe is understood by 
eli. 

   Roward W. Tindall, Jr. 

PAtHWTindall, Jr.iJs 

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



mW 

Front 

senpeerrs 

    

eotierens, per ae aere-10F 
fae ree CHT 
on oan ms me 

UNITED STATES GOVERNMENT 

Memorandum 
PA/mnager, Apollo Spacecraft Program Office para: JUN 1 21968 

6B-PAaTo1EHA 
FA/Chief, Apollo Data Priority Cooriination 

"Dp" minston Launch window te nice ns 

Thies note is in follow-up to our "D" mirefon launch window discussion 
during our Tuesday morning meecitpe. Essentially, the situation is ay 
I understood it to be at that time, Real time procedures can be and 
are being estrblished to provide a launch window about two and three» 

*guartern hours long by using the earlier propuleion and guidance 
hyatema tects to innure acceptable lighting and network coverage 
dur'ng the rendezvous. Incidentally, the launch window opene at 

1500 GMT (10 a.m. FST), <f checked with the mission plan guys and 
they know of no other activities more constraining than the rendezvous 
on the launch window. Furthermore, they never heard of any five 
minute window, That must be a Washington rumor 

T have attached a memo describing the technique in more detail, if you 
are Interented, It should be simple to handle in real time and does 
not. deprnde the system teste. No special programs or displays are 
needed in the Mineion Control Center to do t job. Over and out, a 

oward W. Tindall, Jr. 

Enclosures 2 

PAMWTindall, JroiJe 

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

 



        

NASA Moniteol Epreceratt Usaitert 
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APOLLO PROGRAM * 
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RENDEZVOUS FOR MISSION "D" oy eh 

DATA PRIORITY PANEL me 
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Qonuney oy Vel’, at Monned Spreeernft Center, Houston, Texne, 

rehotywiet oan whl Iothink happened at our firot Minaten "p* 
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: "Tt owet apparent that mienion pinnning for the rendegvoun exercire 

. eo “SD @arton has been carefully itersted such that the nominal plin eatiecy 

wil di 

  

    

          

   

              

   

  

   Lichtin eon: tints and provides rtition covernge for vach of the m,‘or 

serneivers, hoth of thene characterisation have been desipnated as miniatory 

for ALL practionl pirposen. The first question that arose wan “What procedures 

and ssenctated MCC cystoms implementation have been provided to assure hnving 

a mnracteristics during the actual operation? Remember, the remiesvous -_ 

inven Plage in the fourth day of the flipht during which it is almost certnin 

disper:'ons will have cnused conditions to hive deviated substantially from 

nominnt. Th ts alao evident that delayed lift off can contribute substantial 

stoncen In the rituntion too, Ag of this cime nothing had been done to 

hnrelle: bis operntional task, and Mr. Morris Jenkina and Mr. Ed Lineherry 

tunk, tht netion tLem of entablishing sultable procedures ut Lising the spices - 

reaft muncover: during the earlier phises of the mission to insure thit all 

menintors ehometertation would be provided during the rendopyoun exereires 

his wT) timely warn inte a formidable job in real time, Aluo, f° my 

nero Limitoen the neceptable Inunch window. 

    

eg ection denit with how the IM plitform wad to be, . 

he this ve Currently, Lt {e manure thet It RINE be one during ‘ 
dnerechy ond CS dp peapered that it he done while the LM ie docked to the 7 

.oeeiake with the command module controlling atettude in wide dendband, i 

on ME Annee GePicer took the action Item of insuring that the wec/Rice = 

Loonrar a. supply to the erew duping the operation the reqttired CBM we = 

etelonk. anh ‘ft the AQT would be pointed toward the necessary si!rnment o¥F 
rtarns : 
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UNITED STATES GOVERNMENT . 

Memorandum WASA-Merned Soecmrah Cente 
‘ Mission Planning & Analysis Division 

PATE! Way 27 1968 

EMcy Ori {tal Mission Analyaia (cunch 68erMG4 171 

Tnformal Distribution 

Extenaton of the Apollo Mission D (C5M-103/LM-3) launch window using the 
SPo/PS AV capability 

he porenceg . 

1. Conway, He Lo} Merriam, R. 8.3 Spurlin, H. 0.3 Calvin, C.: MSC 
Internal Note 68-FM-93 entitled, “Apollo Mission D (A8-503/CSM=103/IM-3) 
Spacecraft Reference Trajectory, Volume I - Nominal Trajectory", dated 
April 30, 1968. 

?. Rose, R. G.: MSC memorandum entitled, “Ninth Misaion D Flight Operations 
Plan (POP) Meeting”, dated April 18, 1968. 

Summary 

A ntudy was conducted to determine the AV capability of the 8PS/DPS to 
perform nodal shift nnd phasing maneuvers so that the launch window for 
Apollo Mission D could be extended. The results show that the launch 
window can be extended to approximately 2.75 hours provided the second 
SPS, third SPS, the docked DPS, and an additional 450 fpe SPS burn are 
designed nominally to optimumly ehift the line of nodes enetward. 
Following the nodal shifts, a series of phasing mineuvers (nominally 
zero for onetime launches) would te then required to complete the launch 
window extension. Operational conaiderations (such as non-optimum 
geosraphical burn Lovationa to provide MSFN coverage) will prevent full 
yenlization of the nodal shift capability; and, as a result, the launch 
window of 2.75 houra theoretically possible may not be achieved. Redesign 
of the AV maneuvers from that of reference 1 will have no impact on test 
objectives, The data and analyeie leading to these conclusions are dis- 
cussed In this memorandum. 

Discussion 

To antisfy requeste contained in reference 2, a study was conducted to 

determing the maximum launch window considering only the AV capability 
of the SPS/DPS to return a vehicle delayed at launch to the nominal 
Lighting and MSFN coverage for the LM=active rendeesvous (defined in 
reference 1). The launch window for the D Miseion Reference Trajectory 
pullished in reference 1 18 less than 1 hour. 

The information In thie paper 1\ wandited and le 
act oftteinl FOU ur PAU information — ft fe 

Fnclorure 2 feleated te provide rapid eireulntion and may 
later be ineorpersted fa 0 formal paper 

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



  

Mere are bnglenlly two methods under consideration by which MSFN coverage 

ruvt Lighting requirements during the rendegvous may be satiafied in the 

event of a launch delay. The first method ia to adjust the time from 
Chil te TPT by small changes in the differential heights during the con- 

centrie coasts of Meactive rendezvous. A study of this technique is 

currently underway. The second method, which is the subject of this 
nenorantum, is to “rendervous” the CSM/IM vehicle which may be lifting 

off inte with an imaginary ve! > lo whieh lifts off at the nominal time 

ait executea all nominal saneuvers. If the launch delay ia long enough 

(over 15 minutes) then phasing maneuvers (apogee and/or perigee adJjust- 
ments) alone may not reestablish nominal Lighting and coverage since 

cut*of-plancness arises due to earth rotation. A nodal shift ia then 

alno required, the magnitude of which is directly proportional to the 

rotation of the earth during the delay period. 

Nodal Shift Requirements 

The nodal shift required {a due to the orbital plane of @ vehicle launched 

on time becoming fixed at insertion (neglecting apsidal advancement and 
nodnl regrenglon) while the orbital plane of the delayed vehicle has an 

anntward shift fn the Line of nodes equal to the amount of earth's rotatic: 

during the delny pertod. The cV required for a noda, correction oO is 
iven in the following equation: 

avoz vy COB vy sin 4G ain i 

where Vy, 1s the Inertial velocity at transfer, ft/sec 

% le the flight path angle at transfer, degrees 

6G, ls the nodal shirt required, degrees 

1, is the orbital Inclination, degrees 

For exgmple, from reference 1, if Vy = 25771 fps (130 n. mi. circular orbit), 
i = 30°, cos yy = 1, and if 6%" 1°, the AV required from equation 1 ia 
“ho fpa/deg. The total AV available in the D Mission which might practically 
be used for nodal shifts amounts to 5050 fps as shown in Tables 1 and 2. 
The 5050 fpa represents the AV from the second SPS, third SPS, the docked 

BPS and a 450 fpa SPO burn available fran presently unused SPS propellant. 
Uf used optimumly it will provide a total of about 21.4 degrees of nodal 
atift. 

ih,
 

In metuml fliyht operations, consideration must be given to locating the 
CPS burna over MOPN atations (thus not necessarily at maximum Northerly 
os Coutherly latituder) and as a result the 21.4 degrees of nodal shift 
represents a theoretical value with 20.0 degrees being an operationally 
more realistic vaiue. Thus, figure 1 shows that if the 5050 fps are



  

nominally used to shift the line of nodes eastward then as the launch 
delay increases (the vehicle resta on the pad for an increasing period 
of time aa the earth rotates at approximately 15 degrees/hour) the av 
required to shift the plane of the delayed vehicle back to nominal 
decreases. At about 86 minutes of delay, no nodal ahift would be required 
as shown in figure 1; in this case, the SPS burns required to reduce the 
CSM masa and accomplish the CSM autopilot test objectives, would be 
designed ao as not to shift t.- ‘ine of node. Delays of over 86 minutes 
will require shifting the nuje vestward. The magnitude of the shift 
westward increases until about 2 3/4 hours of delay when the available 

QV for nodal shifts ia exceeded. Thus, the launch window for the 
Apollo Mission D would be 2 3/4 hours. Although such factors as 
lighting for end of mission and MODE IV aborts also influence the 
length of the launch window, preliminary studies indicate that the 
AV capability to adjust coverage and lighting for the rendezvous fa 
the most conatraining and the other lmunch window constraints serve 
only to establish a rather wide 6 hour period tn which launch could 
occurs 

Phaging Requirements 

Arter correcting the nodal differences between the orbits of a "phantom" 
vehicle launched on time and a delayed vehicle, the two vehicles are 
basically in the same orbital plane although not in the same position in 

the orbit. To correct lighting and coverage, this position difference 
must. be eliminated, and this is accomplished with a series of phasing 
ma (apogee and/or perigee adjustments to change the orbital 
period). 

Figure 2 illustrates a typical problem which might be encountered in a launch 

delay. Pirure 2 deals with a phasing situation in which the launch delay 

in atout -O minutes and thus the on-time vehicle is about 120 degrees ahead 

of the delayed vehicle (the phase angle increasing at about 4 degrees per 

minute, ‘or a orbital period of approximately 90 minutes). 

Two thoices are available to the maneuvering (delayed) vehicle once the 
nelal differential is corrected (Figure la and lb). The first choice is 
to maneuver to a higher apogee orbit (greater period) and "dyel." for a 
sufficient time to allow the on-time vehicle to catch up 240°. The 
second choice is to reduce the apogee altitude and catch up 120° with 
the on-time vehicle. The problem is now reduced to simply making the 
proper choice based on minimizing the aV expended or the orbit change 
required. 

Figure 4 ahows the apogee (or perigee) adjustment (4h) required for the 
miucuvering vehicle to catch up ("go below") or to dwell ("go above”). 
‘The magnitude o. gh is approximated by the following relation: 

QP = 1/50 (dh) (n)



    

where 

&P is the delay time in minutes 

dh is the apogee or perigee adjustment required in a. ai. 

n ie the number of orbite cver which the phasing interval 1a desired 

in the D Misston, a fe dictated ty orerstfonal considerations and thus the 
dh Is determined as a function of n from figure 3. In the example, 

Asouming n = 20 then Sh to go abowe fis 150 n. mi. and the sh to go 
below ia 75 me mt. The bist cho!se ef Sh in this case is dn > 75 
ne mi. provided‘ low perigee pietleme je not exiat (wee figure 2c), 

Neviaion of the D Miaslon 

To extend the launch window the CPS/5IC turna in reference 1 muct be 
redesigned In both ortentatton and duration and plans drawn up to 
accomodate lnunch delays up to 2.75 heurs. cCtudies are now in progress 

to tdentIlfy the operational problem? associated with implementing the 
burn schedule, and reference 1 fis currently Leing uplated. 

‘Ising the CPc/DPs av capatility the = Missicn launch window can be 
extende! to nearly 2.75 houra. ‘he exte rr ion can be accamplished by a 
neries of notal antrte ‘uns prasing bauria wri. bh must be incorporated 
inte the operational tratectery 
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ORBIT OF NOMINAL 
ORBIT OF VEHICLE ONTIME VEHICLE 
DELAYED AT 
LIFTOFF 
   

    

EQUATORIAL PLANE 

4a 
AQIS THE REQUIRED NODAL SHIFT 

(a) NODAL ( $2) AND PHASE DIFFERENTIAL AT DELAYED VEHICLE INSERTION, 

ORBIT OF NOMIN SL 
ONTIME VEHICLe 
AFTES NODAL 
SHIFT 

ORBIT OF DELAYED 
VEHICLE AFTER 
NODAL SHIFT 

   
(b) PHASE DIFFERENCE (@) AFTER NODAL CORRECTION 

1, DELAYED VEHICLE AT 
PHASING INITIATION 

2, ONTIME VEHICLE AT 
PHASING INITIATION 
BY DELAYED VEHICLE 

3. Ah=150N, Mi. ABOVE 

4, Ah=75N, Ml, BELOW 

WHEN uw ® 20 

Figure 2.> Nodal and phasing maneuvers, 

5, DELAYED VEHICLE AFTER 
PHASING (BELOW) 

6. ONTIME VEHICLE AFTER : 
PHASING 

7. DELAYED VEHICLE AFTER : 
PHASING (ABOVE) 
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UNITED STATES GOVERNMENT MARA. Maned Spacers Cette 

Memorandum Missiua Flandig & Ausiyca Gaaa 

deo Link below pare: JUN 1" 1968 

¥W/Deputy Chief 
6BeFM-TH129 

Renulte of the June 11 Apollo Software Configuration Control 

Bond (ASCCR) meeting 

1, Todny'o meeting wan short and eweet « nothing particularly 

controvorelal, It atarted out with a discussion of the Btage Verify 

dinerete, Ag noted in my last memo on this subject, program changes 

have been approved for Luminary such that the LOC completely ignores 

the Stare Verify dincrete. Apparently we have generated enough 

concern that some wiring chinges may be made in the La's using Sune 

dnnen to make the etreutt interrupt redundant. This should help 

Inoure getting this diserete which is needed and used by Sundance, 

2. Althourh Dave Hoag (MIT) could not present a particularly strong 

nrjument for approving PCN-173, it neemed easier to leave this 

enpabtility in Luminary and Colossus than to delete it. The capability 

I am referring to is an extended Vesbd which permits DSKY display of 

RM} position and velocity error computed from the Wematrix, We are 

annured that Lt haa heen coded in such a way that it can be easily 

removed if we find we need the 90 woris of memory it consumes, 

34. QCD personnel expressed a concern regarding the stroking teat - 

propram. Specifically, they feel it highly desirable to provide a 

Verd to terminate the excitation and also want to change the restart 

protection such that in the event of a restart, the stroking test ie 

terminated, ‘The only alternative to thin would be procedural, namely 

to switch from G&N to SCS and then back again if troubles are encountered, 

Of course, you could alwaya turn off the engine, but that is considered 

undenirable if Lt could he avoided, 

h, FOSD rubmitted a new POR (No. 205), duplicating one the board dise 

npproved avout three monthe apo which would have provided the DSKY 

dinplay of raw rendezvous radar data, Of course, it's too late for 

Sundince, but MIT wa requested te advise us of the Luminary impact ir 

they Implement thin in the simpliest possible way, ‘That is, eliminste 

from the banie requent the radar angle display, the autometic update 

fenture, reduce the number of proyrams that car be operating during 

thin dinplny, etc. If the impact is unacceptable, this change will be 
considered further for Luminary #2, 

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



    

      

   

    

    

      
   

      

    

    

    

   

    

   

     

4, PCR P03 in also an FOOD request to provide Baturn takeover at 

mixeQ. MIT's estiimte of schedule impact 1s five days on Colossus, 

Since it La not a mandatory requirement, this program change is also 

foing in the post Colossua hopper. 

6, As you already know, # meeting 18 scheduled for Monday, June 2% to 
discuss follow-on spncecraft programs, This ie an important one if you 

have chanves you want mide, ‘The recommendations coming from that meeting 

will be carried to the next ASCCB meeting currently scheduled for June 25. 

The next Joint MSC/MIT Program Developoent Planning meeting has apparently 

now alipped to the second veek of July, if you are interested, 

[ae; 
Howard W. iadons, uM. 

Attdrennern 

Puja. Pe Miyer 
€. Re Murs 

mM17/R. te Pirten 
Je Rh. Gurley 
Ee. f. Murrah 

As Nathan 
eut/M. Collins 
FMi/P. Te Pixley 

R. T. Gavely 

reo /R. Fe Brnuli 
ih D. Beck 

FMO/R, Ry Recelbruree 
K. A. Youn 

FMt/5. P. Mann 
R. 0. Noblen 

FM/Branch Chlers 

PMMNTIrdiall, Jretde
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UNITED STATES ‘GOVERNMENT : 

Memorandum s! 
fee list below . ome: JUN? 1968 

68ePAaT“LLOA oY 
PA/Chlef, Apollo Data Priority Coordination . 

flome altermte wnys of figuring out where the LM ie on the 
moon will be available 

For nom months we have been concerned with the problem of determining 
the LM'n loention after ito landing on the lunar surface, Thia 
Informitton In ennentlal in order to don itecont job of Aacent tare 

froting and, In fect, a siynifteant error ean even influence crew 

onfety. Primary moden alrendy implemented in the Control Center/RItC 
for determining LM location uttlize observations of the LM with the 
CSM sextant and/or observation of the CSM with the LM rendezvous 
radar. In each case, these observationc are combined with a knowledge 

of CGM locntion as determined by the MOFN to permit locating the LM. 
Another rother cimple technique we have developed essentially uses 
procedures ard computer programs already available to do the job in 
the srme way a sailor at nec doer, That is, we are able to determine a 
the LM's location on the moon quite accurately by making an AOT plate 
form alignment using the stars and by doing a gravity alignment which 
in effect establishes direction of local gravity and by then combining” 
the informeion obtained. MPAD ia in the process of formulating the 
equationn to provide this capability in the RICC and Charley Parker of 
the Flight Control Divicion will submit a request for the RICC program 
ehange through the regular channels. we will also initiate a FOR to 
Implement something similar in the Luminary computer program if it's 
ne easy to do as we expect. 

Tile not only riven n completely (independent means (1.¢., data source) 
for tlolne thin job whteh is valuable for cronn checking the prime teche 
niquen, but it alno could become the prime mode under certain cfroumstanven, 
For example, If J! in necennary to abort one CSM revolution after Janding, 
we would Lllkely une this technique for determining LM location to targnt 
Ascent, since by that time neither sextant nor rendezvous radar data will 
he vd tlable to do the job. 

foward W. Tindnli, dy. 

Addresrets? 
(See List attached) 

PAM ndndd, Tre tly 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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UNITED STATES GOVERNMENT 

Memorandum ; 
¥M6/Chief, Renlezvous Analysis Branch DATE: JUN 6 1968 

68-PA=TH116A 

* 
Pa/Chief, Apollo Data Priority Coordination 

DPS Modeling 

It might be worthwhile for you or your people to look into the . 

DFS modeling in the RICC, The "D" miasion inoluden several 

maneuvers with mnunl throttling. Improper modeling of these 

burns may have sone effect on the operation, although, offhand 

Howard W. Tindall, dr. 

I would not think so. 

ec 

Fos/i. D. Reed 
¥¥G/C. W. Face 
FNT/S. Pe Mann 

PAIHWIindall, Jr.tis 

Bay U.S, Savings Bonds Regularly en the Payroll Savings Plan       
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"rou. PA/Ohief, Apollo Data Pricrity Coordination 

  

   
    

      

   

“” punyrer: ~ Vana Repdenvous Mission Techniques 

1. On My 26 we fimily kicked off the lunar Rendenyous Hission 
Techniques Dusiners.. Because of the lmathencé of intshiohe "p" and . 

pT, ve started on tose first some monthe ago. low I wish ve hadn't - 

Decause thoy are so darned comliestec, IT have a fecling the Toner * 

retrlervous can be finished up quicker then they con and, of course, 

; - aome of the thing? ve are planning to do in the lunar operation should 

influence how to go on the develogrent Plighta. . 

‘ 2. ‘This reeting yne devoted to estatliehing some ground rules upon 
which ve can base our work as vell ac ming @ cursory survey of 

antieipated problem areas requiring special attention, This memo 

  

, % wAl1 do Little more than list there Itemm. Bone of the assumptions 
e@ are debateable, of course, ami if wltimtely proven wrong, wild require 

e changing sone things. However, ve beve got to get started sowevhere.    

      

   

   
  

9. ‘The following ia a list of the grount rules ve entablished: 

Ae Asaume luminary (the LM epreceratt computer program) wil) remin — 

> en danigned today for the lumr minaions, Se Me cond 
‘ 

Dd. Assune Colosatts (the coment module spacecraft computer program) 

wild be the same an designed today, plus the addition of the C6I and is. 

CO Serdervous targeting progmams and the addition of ING pulee torquings © 

@. Assume the VID’ ranging device on the command nodule ie operational, 

4, Asaume the "O" mieaion lunar rendezvous operation ie ae currently - 

planned, ‘That is, it ehould be completed within approximately one *. > 

revolution, The coelliptic differential altitude ia 15 tiem. and the ® © 

terminal phase transfer angie ip 130°, 2 fa : 

© ey Assume IM Uftote shall be en-tine only, ‘That 46). there te no 
Jaunch window. rer 

f. Asoune HOFH remlexvous ansistance (that in, ‘partioipation) ts 
pind ae long ag the situation romaine essentially nominal, ==. - 

i 

Lng



  

@. Assume all in-orbit LM mineuvers will be made with the RCO 
propulsion system 

he Avewme both spacecraft will update the IM atate vector based 
on their rendesvous navigation. 

i. Assume that if an out-of-plane situation exiate after LM ascent, 
all necessary mincuvers will be mde prior to TPIT to eatablish an ine 
plane rendezvous situation durtng terminal phase, 

- ge Assume all plane ching: gircuver targeting to be executed by 
“either wehicle will be done by tho CHM bared on ite sextant tracking, 

h, The fullowing fe a lint of protlem arena, sone large and rome mther 
trivial for which we mount mech onaverny 

a. Py fr the mort aicnifiernt 3s the probiem of how to handle the 
out-of-plane situstion. More on this later fn the memo. 

de Whit fe the source of the LN state veetor in the commnd module 
computer after IM incerllent? 

Gs Should frequent VIF ranger ambiguity teats ve ade by the crew 
as a ctandard procedure? 

4. Should we Include ondoun! determination of radar angle bine in 
the FPONCS? . 

e. Should rendervous radar data be input to the AOS? 

f. Should ineorbit platform aligunenta be performed by either 
spreceruft after LM insertion into orbit? . 

@» Should the CSM be targeted for a Holmn Trenefer to protect agninet 
@ low 1M insertion orbit ae a standard (that fa, nomina}) procedure? 

5. I believe for the first time the question of how to handle the oute 
of-plane situntion on the lunar rendervour fs being attacked. Primrily 
ae 8 renult of our beloved thres gimbal platform (choke) any difference 
in the Lat and CSM orbital planca becomes difficult to handle. Ourrent 
eatimtes of MOFN targeting uncertainty for the IM ascent plus LM FCNCS 
errora during ascent ansure un that en out-or-plane situation will exist, 
Therefore, a basic queation to be resolved is = should we plan ac a 
nominal procedure In the timeline to mke a mincuver epecifically for 
getting the two vehicles into the tame plane. The alternate, of course, 
ie somehow to pick up pieces of the out-of-plane by incorporating out- 
of=plane componente into the CHI/CDH/TPI burns ae much ae we ean and 

 



  

then take. care of the rest of it in the terminal phase midcourse . 
Maneuvers. Most of un are inclined to think we should provide ea 
Bpecial mancuver probably using the command module. of course, this 
idea immediately leads to anothcr, namely why not eliminate the command 
wodule plone ehinge prior to LM ascent and incorporate both that and 
the dispersions picked wp during atecnt into a eingle burn performed 
efter sulficient in-orbit remtezvous navigation to determine the 
aewunl situation, There In ae sort of philosophical question here 
since if everything worked perfectly, no post-aseent plane change 
would be required if we mide the CSN mincuver before ascent. It was 
the opinion ef the mJority, I think, that wo would be naive to think 
thit everything will work perfectly. Some of the banic questions to 
ve nnavered in onler to mike thin important deetaion deal with ites 
effect on rendezvoun navigation and the impact of an extra maneuver 
on the timeline. For exanglet 

a. How doca thin effect rentiervous radar nivigntiont 

be Now docu thie effret VIF reedezvoua nevigation? 

e. If we putae torque the platforna, wild, that Introduce 
vnacecptable evrore in the remdonvourt 

d. Whit platform orfentattion rhould be ured in the CSM before 
ant after the plane chine? 

e. How dorr this effect the corzant module mirror Lmige mancuver 
targeting? 

f. Whit in the maxim plare change delta V whitch can be left 
until) terminal pinse? (Thin aleo bas Implications on RCS delta ¥ 
residual trimming ani posathle ure of SP only.) 

Re Shonid the onteof-piane moncuver be mde at ite natural node 
or ahold two burna be planned tnetendt ‘ 

he Should we plan any out-of-plane yaw ateering during ascent? 

de One important mittor which El Mineberry will dincusa with 
Milton Contella (FCP) prior to the next meeting veenrde aelection of 
optimum TI thee, currently ret at 20 minutes before darknera, ‘The 
queation In how undentrabic froma lighuing etandpoint is it to move 
Romtnal THY time Tater « perhaps even to nidpoint of darkneesn = in 
orlcr to give more Lime in the rendesvous sequenes to perform the plane 
change mincuvers, 

 



  

* 9 ne > . . 

@ 6, Well, there are a lot of questions and few answers, Ae Z noted : 
previously, ite impact ia vo great on everything, we really mat decide — 

~ what to do about the plene change before we can get anywhore, Bo that's ~ 
what wo'll talk about at the next meeting » June 12th, . 

tenpereenmncmemnnsntine “4 y 
‘ © 

Y 
Hovard We Tinéali, dr. 

Addyrosaces?: , 
(See Liat attached): 

FAUNTIndall, Jrvtds 

  
       



  

GF ' 
Orrin, Pod tem 1 
ay pee Eire . 
en Preaee (4 ere) HOt 

s @ UNITED STATES GOVERNMENT — ra 

Memorandum _— Coes 
t Bee list below . pata: GUNS 1968 

e CBPASLIEA 
prom : PA/Chief, Apollo Data Priority Coordination .     
suajrcT: VHF range shouldn't be linmtted by software 

Roference ig mde to the attached memoramium from Colonel Frank Borman, =~ + 

The 327 nm. limit on the VII" ranging system appears to be a softvare 

constraint. I think it ie due to the way they scale the range, 

Would you people please check and nee if we would be better off ve 

change the scaling 80 that the computer program will not limit the 

range at which we can use thie instrument even though it my reduce 

the accuracy of the rendezvous navigation. Since program changes 

get harder and harder to mike, you had better decide as quickly as 

porsibles . 

: / 

| @ : Howard W, Tindall, dr. 

Enclosure 

Addressece! tO me 0 
RUT/Eh/Re Re Beene 

PAtHNTindall, Jr.tje 
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ve SUNCTED SLATES GOVERNMENT wt rade Mohew : Me 
. a . . . | , Stow es ° Memorandum . aa awe 

  

; PI/w-Spriey - 
‘oe LCA/Mrevtor 0. Pldgit Crow Operations . pata May 7, 1968 PU/F. Nerding 2. 
at . 

. - C6 /a.euipen 

ROM! cl/Colone? Frank Bornan — — an STradst 
° a 7, CYR Gunn, 

myn Vat to RCA, Camden, New Jorscy, May 3, 1968 Po ,     

ae
 

po
ne

: 
“o
g I winited RCA, Camden, Now Jorecy on Friday, May 3 to review an engineering ~, 

model demonstration of the VHF Ranging System, The teat setup included the ‘ 
componenta for the Command Medule and the Lunar Nodule (IM) located in 2 
two adjacent kcreen rooms, Bignal atrength between the two inetallationsa =~ 
could be varied by changing a set of attenuators. The variation dn signal 
atrength wou eulibrated to provide a simulation of range, There waa no prow * 
viaton bo incorporute the dolny timos assoclated with actual variation in 
rance. Therefore, the actual range capability wae not Ccomplote ly varified, 
Neither the LM nor the CM audio center was used. 

    

fhe following results were noted! The syaten locked on at an indicated 252 
nautiont miles, After initial activation, the signal was loss at a range 

i of approximately $25 nautical miles, The voice quality wee good and no 
appreciable effect on readability was noted when the VHP Ranging waa in op» . 

e@ eration, The "Jitter dn readout assoctated with volee traneniaaion which 
was ovident dn the breadboard mode? has teen elininated. Accuracy is pre= 
dicted to be + 212 feet, . po 
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After the demoantrat, Lon, the upeoming flight teat program at White Sanda was . 
dlacusscd, Ag a reeult of the djacusaion, st ig suggested that a spacecramt |. 
audio center be employed on tie ground so that a more realiatic evaluation - 
of volee quality can be made during the flight teat. It fa apparent that 
the only reliable and accurate demonstration and verification of the VHF 
Ranging System will occur during the flight teat at White Bands, -     i One olher ilen of dintercat is Uhe faet that an anbi,mity exisss which will 
vffeelivety Tinit the range readout of tie system to annind 337 nautieal 
mites.» Another area ot come concern dea the HTT cotlware interface with the 
VIE Rangetog Ryslom, It was noted, Por dinutunce, that the conputer uaen a 
Goode namticat mile, while: the VHF Ran dity: umes a GO8Oe6rt. naulient mile: 
MUP dn aware ar thle, and Towaa told that Une aoftware prorran Le proceeding 
without Pricully. Neverthelena, Todo clink dt would’ be a coed idea ta 
hott! direct Wocursden: between MEP ana ROA in the near future | Lo make at 

S that there are ho problems in integrating: the-eyatom. - 
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UNITED STATES GOVERNMENT 

Memorandum 
PA/Manager, Apollo Spacecraft Program Office DATE: MAY 29 1968 

G8-PA+T#LIOA 
PA/Chief, Apollo Data Priority Coordination 

Progress Report on Mission Techniques 

1. Since we have not deen able to get together this year, except for 

our short discussion prior to the George Mueller briefing, I thought it 

might be a good Idea to send you a little {nformal Mission Techniques 

progress report. I guess our lack of contact is an implicit vote of 

confidence which I hope is justified. Overall I think we are in pretty 

good shape although things are not cci.ing out es quickly ae I had 

predicted in March. 

2. The mission phase giving me the greatest concern right now is the 
rendezvous on the "D" mission, It hee special problema requiring ~ 

spectal action. I think it is under control agsin, now. The other 

matter concerning me, which I know is also on your mind, 1s the 

question of change control of our Mission Techniques documents. TW 

ta beefing up their group working with me to handle this activity 

and will noon give it a try on some "C” mission stuff. I may be naive 

but I really feel that by the time this business becomes mont important « 

that 1¢, for the lunar missions = both acceptunce of the Mission Techniques 

documents and the procedures to keep them updated should be in good shape. 

As tentatively proposed in your directorate level meeting I feel the two 

months overlap period of configuration control should be between five and 

three months before launch. At least that is what I am aiming for. T 

renlly expect that experience on the earlier flighte will finally dictate 

the best way of handling all this. With regard to schedule, I have 

attached a rough bar chart showing how I think things stand as of mid 

May. The elip in the documentation since my March 1 estimate Je shown 

by. the digtance between open and solid symbols, It Tooks awful ond if 
I thought it wna typical of the future I'd shoot myself right now. Howe 
ever, I think we now have some experience that gives me ConfTdence in 
the achedule shown. I would also like to point out - hopefully without 

sounding like an excuse - that the miseiof techniques documents are 

only one product from the effort and i would like to think considerable 

senefit fs obtained much earlier than their release, Actually we are 

now experiencing a phaseover in the work. We are now at a point that 

it 48 necessary to bring substantial portions of it into final form and 

define the remaining areas on wiich we should concentrate our attent:on. 
We are doing this now by releasing several phases in June as you can 
ses, Bat, I should point out that they are not complete which accounts 
for show!ng two relence datea for the drafts, For instance, the Descent 
will not contain the ground monitoring, the Ascent book will only cover 

 



the stay on the lunar surface, and Midcouree is only earth orbital through 

TLI. 

3. Lire “p" rendezvous really turned into a rather messy problem. When > ~ 

it comes to development of minsion techniques, it ise unquestionably the 

worse misston phase to define in the entire Apollo program) Thie is 

brought about by at least three thingat 

    

  

   
   

    

    

    

a. It is the most complex mission phase in any of the Apollo flights. 

db. There are more guidance syatema involved, none of which are 

renlly qualified before the flight. 

ce. It 1s potentially the moet hazardous of any activity ever undere 

taken in the manned space program up to that point. 

“T might also add that everyone has their own different opinion on how it 

should be done, miking it that mich more difficult. All of these things 

hove made it necessary to treat this mission phnae somewhnt differently 

than the others. However, I fecl we now bave a good plan for moving out 

on this and I have high hopes thet we will be able to have our package 

put together by the end of July with substantial agreemen. in everyone's 

e@ pert. I expect to enlist the direct participation of Gene Kranz and the 

Flight Crew, which will be extremely beneficial. 

ar 

‘ ce 

Howard W. Tindall, Jr. 

Enclosure 

PA:HWTindall, Jr.iJja   
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Bee list below DATE: WAY 29 1968 

68-PA-T-108A 
PA/Chief, Apollo Data Priority Coordination 

Spacecraft computer program - things dealing with lunar descent 

and aborts from it 

1. I spent an interesting morning at MIT on May 16 with George Cherry, 
Dnn Lickly, Norm Sears, and Craig Shtlé@nberg talking about Luminary - 
how it works and some things that really haven't been defined yet. It 
primarily denlt with lunar descent and aborts from lunar descent. 

2. Powered Descent Braking Phase (P63) 

There is a question in MIT's cumulative mind as to whether the 

X-axis override logic ie consistant with the current landing radar 
utilization logic. Recently a PCR wne approved to permit use of land. 

ing radar data earlier in powered descent but no changes were made in 

the x-axis override logic. MIT questioned if this is consistant. 

However, more basic thin that, there is the question of whether or 
not any of these things should be keyed to navigated altitude as they 
currently are, rather thin time of initiation from powered descent or 

simply crew choice. I belicve we all are concerned that using orvi- 
mated altitude as the system is currently Jesitcned may cause the system 

to be locked out from doing the right thine. Specifically, if the PGNCS 
has computed the wrong altitude for some reason, even though the crew 

may know they are getting true altitude from the landing radar, there is 

no way to get the PGNCS to accept it. “Although this probably won't 

happen, the consequences are so serious that none of us could see any 
reason for destening the system in this inflexible way. The way the 

guidance system currently weighs the londing radar data precludes its 

use above 35,000 feet based on some sort of radar specifications. Even 
if the navigated altitude were correct, we my be making a mistake 

providing this data lockout in the computer program at this early point 
in program development. 

3. MIT would Like to mike an desten change in the Powered Descent Landing 
Phas®-Programs P65/P66/P67. Ac currently déestened, the crew exits these 
final descent programs by hitting "Proceed," which causes the LCC to do 
such thinrs ac storing gimbal angles and IM position, turning off average 
"g," turning off the DAP, turning off the abort monitor (which prevents 
PGNCS recorpnition.of an Abort and Abort Stage discrete), sets the lunar 

surface flag, displays LM position to the crew, etc. This procedure ic 

enabled when the computer thinks the spneecraft is within 59 feet of the 

Bay U.S. Sucings Bends Regularly on the Payroll Savings Plan



  

lumr surface, There are two potential problems here. First of all the 
crew is within one "Proceed" of catastrophy if he prematurely hits the button inadvertently. ‘This is unlikely but is also unnecessary alnce— 
there is no need to terminate that program by a eingle key stroke. Worse 
than that, if for some reason the PGONCS never realizes the altitude is 
less than 50 feet, there is no way for the crew to terminate the program 
in such a way that all those important functions are carried out. It 
is MIT's proposal to change the design by adding a new program (P68) 
which would be called in a standard way via Verb 37. This program would 
do all the things previously done following the "Proceed" in the final 
descent program and could be exited directly to any callable progran 
crew procedures dictate such as Ascent (P12) or IMJ Alignment (P57). 
I think it ie a good idea that they do that. P68 would not be called 
til several minutes after the lunar landing, of course, in order to 
maintain the PONCS ine state of readiness to Abort Stage trom the lunar 
surface, if that unlikely event were necessary. 

kh. I learned some interesting things with regard to the APS Abort program 
(P71) - answers to questions noted in last week's bulletin on aborts from 
powered descent. Specifically, P71 does not have any so-called short 
burn logic. That is, if P71 is called when the duration of an APS bucn 
required to fulfill the tarreting requirements is less than four or five 
seconds, the PGNCS will not provide a well controlled cutoff. Actually, 
what it will do following Abort Stage is to turn off the APS as soon 
as it sees what is going on, which will be late. I asked MIT to look 
this over and tell us exactly what will happen in this unlikely event « 
for example, how big an overburn will we get? I'm sure this is an 
acceptable situation and the procedures we outlined in last week's 
memo are still okay. Of course, it may mean that RCS trimming is 
needed but at least the spacecraft would be in a safe orbit while it's 
doing it. (Incidentally, if the crew wants to do four det RCS trimming 
folicwing an abort, they will have to call up the DAP data load (R03) 
and resct it from the two jet logic used in preparation for powered 
descent. ) 

4a» Finally, MIT people noted that there are two ways of calling up the 
abort proprams (P7O and P71). The preferable way, of course, is through 
the use of the Abort and Abort Stage button. The alternate means is 
using Verb 57. They noted that program coding and teating could be 
carried out more efficiently if we were to delete the Verb 37 mode. ~done 
of us could think of an occassion for using Verb 37 as the primry 
technique. In fact, the only contingency conceivable would be to backup 
the abort discrete, At the time, I was inclined to think that this 
was unnecessary but after further reflection, I am now reluctant to 
see that discrete backup removed, particularly in the wake of our stage 
verify discussions.



  

6. I expect to sew some PCR's or FCN's in the near future on some of : 
the things noted above. Maybe this note will give you a little tim : 
to think about then. 

AL ro QSNadlantn 
Rovard Ws Tindall, Jr, 

“. Addresnecs: 
(See list attached) 

PALHWTindali, Jr.: je “
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UNITED STATES COVERNMENT 

Memorandum 
Bee list telow pare: MAY 241968, 

68-PA=T2106A 
PA/Chief, Apollo Dn‘a Priority Courtination 

Spacecraft compiter program nevaletter 

1, I learned rome things at MIT Inst veek that seemed interesting 
enourh to Justify this note, Of couree, it deals primarily with the 
apacecrnft computer programs and thetr influence on the mission 
techniques we are developing, 

2, Pete Conrmd reported that during thetr R&C LM? simulation, they 
have experienced an apparent deficiency in Gundiance when making a4 
docked DPS burn. He says that the DPS engine gimbal angles do not 
get changed at all during thnt low thrust period at the beginning of 
the burn which wis provided specifically for trimming them. MIT 

looked into this problem an! ngree! that for come reacon the program 
does appenr to work « or not work - Like Pete enyr, Their preliminary 
Muees as to the course of thie ie that uith low thrust and high inertial 
the ¢imtal trim estimator my be expertencing underflow, That is, the 
computer in simply not able to determine that a movement of the trim 
gimbal is necernnry as [t is currently coiled. Of course, the RCS jete 
am very active both before and after throttle up. 

2. Our requirements for getting rendesvous radar (RR) data on the down 
Link While the LM is on the lunar surface war discussed agnin, and I 
am afraid I renlly blew It, MIT his recisted the program change we. 
requested and Tam beginning to think they may very well te right. That 
ts, tam not so darn sure any more that the program aa currently designed 
ani coded ie not good enough, In any case, George Cherry now proposes 

to look into vn very simple change which ean be mde in the lunar surface 
naviration program (Per), which would substantially Increase the frequency 
of RR data on the downlink. All that it amounts to is to remove the delay 
after the previout computations before the computer collects another baten 
of RR datn, Rirht now thin delay [15 neconde, Tf we eliminate thie 
deiny and operate Pro in the "no etate vector update” mxte, the computer 
Rhould eyele very fiat. George Cherry fe going to make nn estimate of 
whit thie RR downlink frequency would be as well as evaluating the schedule 

impact. for this change. J would be surprised if it is not: acceptable to 
MSC even if it ir not perfect + whitever perfect in, 

h, Ar Colornus tn currently dertened, the crow in required to preea the 
"Dyoceed” button during the pertod of miuximum reenury O's to obtain a 
DSKY diaplay change. A TCR had been eubmitted to make thin procedure



  

5 i       

Rutomitic. However, on future consideration, we are not so sure that it 
is a good thing to do. ‘The initial dieplay parameter in P65 are need in 
the primry go/no go logic employed by the crew in evaluating the OAN 
performnce to decide whether to stay on it or to go with the IN5 backup, 
It in ernentin] that they see these parameters and an automatic "Proceed" 
could wipe them out before they ive seen and digested them under certain 
carcumatan cs, Accordingly, IT suspect we elwuld delele our request, ‘The 
discussions have revealed, however, that some modification in the coding 
will probably be needed to mike sure the syntem will work throughout the 
rent of the entry even if the crew does not provide the "Proceed" algral. 

Se Here tn one more note in the continuing “tage Verify” atery, Accords 
ing ta John Norton the lunar ancent. program (PIP) no longer checka stage 
verity. That ntriker me aca real improvement in the program but it 
myntitler mean how It eotehenecdt vt heut a PCR or TON, or even letting 
anyone know. Norton, of course, uncovered it by golng meticulously through 
the progrim Listing. 

aen0. Nendawt, 
Howard W. Tindall, Jr, 

Addrosnecr? 
(San Lista ttached) 

PAIHWTindall, Jretjr 
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me/entef, Apotte Data Priostty Coord {nation 

- “pecond Miseion "6" Rendesvous Mineion Technisuer meet: ne 

  

i. On danuary 17 we held our cecont Minelen "O" Rendenvous Miseion 

Teohniques wneet tise I fea) we have this ntacion phase pretty well in 

nand conceptually. ‘There are 4 rumer of numerical Limite ytt ta be 

sete. me, 
> 

9. how evident tint Limite must Senet regarding Ue memitude of 

the deita ¥ reciduale following the MOC, snneuver whieh we would trim 

out with the RCH. ‘That is, If they are smi we wilh trim them. tf 

they are lores ve will pot trim time tut wil) saeount for the diapare 

atone they create with the RCC, mancuver. This Limit mist be entabe 

Stened, 7h fo expected to te Tn the order of 10 fps whieh fe not an 

unitkely value using the present FACcS design and thrust all gment 

uncertainties, Realduala at RCC. and MER must be trimmed. ff . ‘ 

e} excetsive, the alternative is to’ atanion the rendesvous, thus, the oes 

Nee rendezvous AGG red Line will probably fix the Limite / : 

3. It hd been established that the eroun) would update the etale 

vectere of both the commend wilule end the RaIVB at two tinec during 

the rertezvous exercice. The firat ia prior to the maneuver and 

the secon! ts prior to the NCC, maneuven. We nave new atabiiehed the 

_ tine tag for each of these ntnte vectors 40 follow! the tiret 

command motule state vector wit? be tis tageed 6 minutes pefore the 

. NCC, maneuver and the firet O-IVB state vector will be time taared 

- 6 atnutes after the NCC, maneuver, Time tags for the state vector 

a - update prior to RCC fod the commni module will be 6 ainuten before 

~ the NCC, maneuver afd for the SefVk vill be 4 minutes after the NER 

os . raneuvel, Externni delta ¥ tarrr ying parnentare Will be relayad to~ 

_ the crew at the sane tien the atata vector uplated ere mad@r--. 

    

h, two pinttorm silanmente will be mide during thie esercire, one it - : 

a gucopreparation for thre NCC, maneuver ard ow fn the tine period between 

2 tS. Nee, and HOR. crlontatton of the piitforn for the entire rentsnvous 

yess _anefoine ghall ve euch thet 1% the TPL vine en predicted at the 

SS peainming of thie mention pines the rpacecesft PIAL Aebaii worli rend 

0, 0, O when the epanearart (6 inn norizentaly heap upy winpa level, 

ih plane attitude. 
Ma aghaes : Sy ; 
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a : © f ? a : 

gy: Tha Baba L ppl t mite’ borqulay device (ORNRAB) wilh be teat, of . 
2 aparaers Althonth the primey mide Tur she orew. tr détormine tt ia tiene 

sei aadat’ tlen onboant the cmecerutt. fi tc also dilmibhe thet the arwid 
Sar va tHe Pa eipablh ty as 6 backup, at Lineberry wis. alvun ine action. 

"Seem of extathiphing prsscely how Je torgiing rate prmmeter wan tebe 

“S womputed on the. crounl, --Thir will fe cpecified in mathcanbical emmtetion 

. fob t erobably ae a function of aprerere fs altituden ated optimal cf for 

Po SORGOTOU eo. - ‘ : 

   
   

  

   

$6, fhe event timee'L) hot se eet op in sun cont niouply throughout te: 

: mikolon phnes hub rather will be tet to countdown to each Of Lise burt. 

2. fhe onay exception de thet the crs wtlt start 16 counting up ab the TPL 

La. maneuver. : : vo 
Age. o / 

Te We baton Longthy dfecuneiun reaardine the TRE mincuver, Bpeetttoalty, 
there wid) tee things witb muet be done, A daataton mart be mide fre 

real tine as to whether fo use the spre ccart computed TTT mancuver or the 

: pround womputed mineuver. Pollowing thie decision thery ls the tash of 

‘ ewecuting On. or the other. Aga cen’. (6 wan identified as neaenogry 

for the groum! to trunemit to the erew tuo nets of TL mneuver tarec tices : 

- one for comparivon with the PNOCR and one for exceutton if the PNOGH Jn an 

declared 10.00. In orter to mike the compariron In the order of 9 to L' 

© minutes before IP1, the beet PROCS output for the erew to use in the TTT 
: Poeneuver in the external delta V coordinte‘nystem from the Pek, RCE ‘ 

‘ “tau aet program. Therefore, fo¥ compatibility the ground will) tranralt 

a the shme parameters for comparison purposes. If the crew determines the 

‘ PHOCB 's all right they will execute the ontoard determined moncuver 

colo tehag Peles The second set of targets tranemitted from tt. ground wiht 

wn ‘ye goed oaly £f the PRICE nolution (er declared uneatheiactory, © These are 

the deate-V'in which the crew should use count up in tte DORY ue they . 

uli lize Yel? to execute the manmuver moieindly with the spioear ct Xeneis 
. borrsighted on the target and with wings level. The ground comutation 

wil avaume that spneceraft attitude in addition to compensating fof the - 

7° control axis rotation from the body axis. furn duration of there 

delta V'o will alec be sect to permit execution with BCS If the PMUCR 
mnneuver capibility ima Tailed. . : ea 

  

po 

    

   

7. 7 Ay ft be our ufduratanding that the novijitioh Wem trix whteh ysvwsne - 

_ Ane wetehtine eiven “he option observations are autometlrally inidialined 

: in the epaeevrost whenevor new state veetorn are trannm(tted Prem the: ~ 

yround via PeOf) or wien the crow mimntly requesta reeti tladlention. « 
Th {n our deatre that Gin Wemtria be nt ite initialisation wiuew at 

_ the time the Clrat sextant observations med’ obtained following Wi. 7 
-° Stnee state veotors wero drandhitted prior to N00, with no mubeaqiont f-. 

sextant obesrvations {t te our underntund! ng the Worm trix should tity.” 

~~ be at ite inftialisation atate at that time, If that Ionet the care, -- 

“the efew suet sosinitialize them after WR but only theds” Bpeciticonity, “ 

"£% ts Juagéd undevtrable to meinitlalics following the. TRE MANOUvET e 

: at : P = + 
®@ s , x Pot 5 L 

    

    

      
  

       
 



        

‘ 

tele currently phonned that the ane and only midenume correialon 

WET be eat HP GH ovcur Oo mimutes afte. THT, Owe atid tet Hees Gime bo 

diequsa thin maneuver ¢Y the tertonn) braking but wi? Wo pe AL he nesk 

meetins OF particular Intusent Yr the dewlrabiiityof brakibs: rnd seat 
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to do next. Ano, whint 75 the ceate of the SLVR al that Slaet in order * 

to avotd conflict wl! | a the next meeting WAL be held : 

starting 9% 100 Aes? al Fotaurry cewentready brenking Lint nice nchedile 

-psot upt a 

wie Supeeguent to thet meting Iodicer # i our conelustont slit." 
: te 

Brargerd aud porn Blaele, who both saoneurret ae of th here head : my . ~~ 

| ft. mh ae . ot 
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\ Memorandum 

tO + See List below 

para: JAN 9” 

68-PAoT#15A 

grow: PA/Chief, Apollo Duta Priority Coordination 

sepyuct: "final" review of Spacecraft 101 (Miseton tet) Retroftre and Reentry 

Mission Techniques 

4, On January 10 we had a “final” review of Spacecraft 101 (Minston "o") 

Resrofire and Reentry Mission Techniques 86 documented La the lorgicn 

flow charts prepared by {hd based on A sertea of meatings we have had 

here at MSC. There ftow charts, which abow the operations starting 

several hours prior to the retrofire saneuver itself, had been dictribated 

to all Interested organizationc, put this was the first time MIT, North 

American and others hed an opportunity to thoroughly understand the 

rationale and to provide their comments, The charts are now being upisted 

pased on our new agreemente and will be dirtributed within the next 

reveral weeks, 

2. Although we were addresaing ourcelves specifically to the Spreceraft 

a @ WoL flight, we are all in hopes that the techniques developed for that 

mission can be used on all subrequent earth orbital miseions. Crews for 

Mistions “C", "D", and "BE" vere in attendance and it looks like we my 

have accomplished that objective.) 

3. probably _the_most controversial item of all dealt with the manger in 

chick the Envey Monitoring Syc
ten (BSL 1g to be gaett It wae eta ved that. 

if tt te recognized that the primary guidance aystem UPNGCS) in not work (nk 

for some reason in sufficient time prior to retrofire to respond, we would 

pane our retrofire maneuver on A ballistic reentry and would not attempt 

to une closed Loop reentry guidance for ranging control. Jt it is 

recoxnized that the PNOCS has falled in the Last mor-nts prior to ratrofire, 

following rrtrefire or during reentry itself we are obviously committed to 

a liftines reentry if we hope to reach che destred lending point. Tt {*# onr 

current plan to utilize the exsentially open loop pank/reverse bank backup 

technique similar to thet employed for Gemini. The point to be made is the 

in both ences the EMS is only being operated as 4 systems test and ‘s not 

utilized {n the actual control of. the reentry: Some parties contested thes” 

Neviaions, in perticuler
_jorth American, and it is recognized chat A numbe 

of things are going on at present which may make 4% dasirable to reverse 

the second one regarding use of the EMB during A packup mode lifting reentry. 

specifically, analyees are being carried out. in a number of plicer to 

(mprove our knowledge of the EMS capability and to verify its readiness 

for flight. In addition, similated reentries both with and without the 

flight crews themselves are acheduled and will have an influence on the wiv’ 
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we ultimately go. And finally, G&C Divtaton bad been requested to state te 

positively their position with regard to flight readiness of the FMB. Bul 

as of now, we aren't using [tl It should ce emphaalzed, however, that our 

current plans for reentry at lunar reentry velocities definitely involve use 

of the EMS ina vital role and confidence must be daveloped in that system 

partially from these earth orbital development flights. 

kh, It had heen stated that if the decision to retrofive is within 2 hours and 

hO minutes of the time it is intended to do so we would not utilize the PNOCS. 

It {s evident that there could be times wherein that aystem eould be ured in 

the unlikely event it was already in use and well aligned at.the time of an 

immediate reentry decision. Accordingly, additional logic will be included 

In the flow to Indicate the various conditions under which we would ure the 

PNOCE, without a full 2 hours and 40 minutes for its preparation. 

5, There are two ways of performing 4 ballintie reentry, One is to continuously 

Yoll 1 spacecraft as we did on Mercury. The other ia to dissipate the lifting 

capability by banking the spacecraft 30° to one aide and then 9C° to the other 

causing the spacecraft to move in an out-ofeplane direction. It was established 

that the primary mode for flying the ballistic reentry would be the Intter 

based on a definite crew preference for that technique. The Control Center je 

prepared to handie either way including computation of the best bank angle to 

use taking into account cg offset in orfer to align the "Vite" vector horizon- 

tally. Furthermore, if the recovery forces are known to ve to the north or 

south of the ground track, the time at which the spacecraft reversen {te roll 

attitude will be determined to minimize that miss distance. 

G. It was determined that under no circumatances would we moxlify the retrofire 

mincuver targeting or state vectors in the spacecraft computer when the time 

to thot mneuver is less than 30 mimes. 

7. We decided to modify the final check on the PNGOCS from that shown in the 

proponed flow, Specifically, tt nad been auggeated that the apacecraft be 

pitened down from ite inertial retrofire attitude 20° at 5 minutes before 

retrofire ignition time to verify that the horizon coinéided with the 

window marking. If it did not, it was proposed to declare the PNCCS NO GO 

and use the SCS instead, In order to avoid the obvious undesirable change 

tn eprceernft. pitch attitude at this critical time, this was changed to 

utilize the COAS for the horizon check rather than the line on the spacecraft 

window, It wan noted that with the epacecraft in retrofire attitude the 

horizon should pase through the middie of tiv, COAB at approximate ly 7h minutes 

before retrofire providing just an accurate # check, eavlier and without 

changing spreecraft attitude. It was established that the hortzon check 

with the COAS should be to within 3° at the precise time the horizon should 

be centered in the COAS in order to commit the use of the PROCS. 

  
 



  

@ it was reported that during the retrofire paneuver Lo disperstons tn 

the guidance and propulsion system result in 2 piteh aad yaw excursions 

during the maneuver and Delta V reaidunls of 6 fps. Rather larae. 

9. In preparing thin flow we hed convinced ourselves that the orbit rate ball 

device (ORDEAL) should pot be used. ‘The crews fee) Gifferently and so we Are 

in the process of including initialization functions etc., in accordance with 

ite use. 

10. At preacnt it ie planned that the reentry will be flown with the crew 

actually controlling the spacecraft attitude manuelly in accordance with the 

PNOCS recommended bank angle just aa they did on most of the demint flights. 

Those responsible for the reentry Digital Autopilot (DAP) maintain that it 

wiLL not be possible to evaluate the performance of the DAP if the spacecraft 

is flown in this way. Bince thin mode has tern agreed to by the Progran 

Manger, thone organizations who are concerned (e.@., 0&C, MIT, MPAD, etc.) 

vere advised to prepare their case and submit it in writing to the Program 

Mana ger. 

ll. There was a question as to what should be done about starting the FMS 

if it does not start automatically as it is supposed to. There are some who 

say to manually atart it at a computed time, and there are others who say 

not to do that, Dave Heath (MPAD) was given the action item of determining 

what the mission requirements imply and North American was requested to 

present their position on thie matter. 

i. Items recorded above sre obvtously just highlights of the meting - thet': 

primarily alpnificant things which were changed in the flow as {t wan presente: 

and those things on which euuroveray atill exists. Bome of the deciaions 

my be chanand, of course, but ar of now I think averything da covered pretty 

well and evesyone can understand exactly how we are going to do thin misaion 

“hase tinless changes art approved, Qnce the comments noted have been 

neorporated,..it ja my (ntention to present thia to the MBC management for 

tictr (formation, criticism and final approval. 
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68-PA-T-1 CLE 

pa/Chief, Apollo Data Priority Coordination AIL. 
» 

Le 

sunject; Reentry from lunar missions 

— 

lL. On January 12 a group of Plight Crew, Flight Control and Mission 
Planning guys got together to talk about the lunar reentry and some 
rather interesting things came out which I am recording here for my 

\ Peecrde and your amusement, 

©, Apparently, the lact mideourze correction before reentry on a 
lunar mineton occurr about one hour prior to reaching 400,000 fect 
altitude, Tt fe probable thin maneuver will be made with RCS, 
altrouweh Yo sippore If it te big enough it my be necessary to ure 
toe SIS. It is currently planned to use the Extornal Delta Vv 
guoiance mode, If GPS la uned tt is expected that we will have to 

' trim residunir with the RCS. There was a question, however, as to 
e@ whether this lart midcourge maneuver should inelule an_out-of-plar 

component. Claude Graves seemed to think it worthwhile but was not 
Ture; he took the action ttem of determining the advantages and 
disadvantorves af thic.s Gince the same olatform ortantation will 
probably be used for beth the fiaal midcourse correction and the 
reevtry, (ft is antlet pated that the mort dertrable REPSMMAT will be 
chosen tneed on reentry conrliderations mking the position on the 

ball relatively random during the midcourae correction. John 
Llewellyn intends to propose what KEFGMMAT to use, It my be 
necessary te add a capnbility for commuting it in the RICC if that. 
does not already extat. It in expected that the platform allenment 

performed pricr ty the t.deaurse maneuver w!ll be adequate for the 

reentry, thst is, {t wial mot be necessary to redo it. 

  

a, We next dealt woth the cucction of the most desirable apaceerntt 

nttltude during service module separation. As you know, the PGC 
nutemitioawlly maincuvers the spreeerft to a preferred attitude which 
ts stored in the Coloseus reentry program (P-61). We were not sure 
how that vulue vada selected and it fs not certain it is the one we 

will ultimtely want to use. We are not even sure we willl want to 

use an automatic mode in the first place, One mitte> which it neem: 

should he aiven conridertion fe use of an allgnment providing an 

outenfeplane component while avolling platform gimbal lock in the 
name why as will be tone on aarth orbital mianiona, I expect to 
reqhent MPAP (Carl Hass) to resolve tht: overall preferred att itute 

e question if it has not been done already. And we are reviewing the 
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“d We learned somthing interesting daring our Destent ttastce Pay . 
Techniques meeting June 26 from the HIT people there. It dealt with    

  

    
    
   

   

    

maintaining a 10% trim ginbel time of 26 seconds, making 
tolerant of this sort of an event. We hadn't thought about this situa- 
tion very ach yet, but I think the consensus is that if the DFS fails 
to ignite under PONS control initially and again faile on a recycle, 
we should abort without attempting manual ignition since something 
acrious ia probably wrong. , 

P 3. This really looks Lixo « good way to progrem it, but te different 
: than documented in the GSOP. Aesorsingly, MEE wilh euimit @ FOR to. 
& correct the documentetion. 5 
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“Jt is evident that Liaite mot be eet regakil 

a delta ¥ residuals following the WO, maneuver 

¢ with the RCS. That is, if they ore the ; 

hey are large: ve wilh not trim them but. 

“gloné they create with the NCC, maneuvers. - itt: 

[dened «Ie in expected to bi tn the order of: 

ankikely value uaing the present Procd design # 

“aneertaintien. Residuals at RCC, and NER must 

“ excenttve, the alternative is to“abanton the retid 

““pandeewout RCS red Line will probably fix the 2 
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‘weetore of both the commend module 

ghe rendocvous exercise, The firet is prior: 

the second is. prior to the NCC, mneuver. We. 

tan Tor each of these atate veotoré 65. 

: he etate vector wi : 

ipeheuver and. the first S-IVB etate 

pinates after, the maneuver. Nmo tage. 

to RCC, fof the commend moduie, 1k: 

aganeuver afd for the GIVE will be-6 mid 

. Externml.deata V tarreting parm fers: 

che same time the atate vee 

        

   

    

  

   

          

   

         

  

    

    

  

   
   

    
   

    

hE qo platfors ali grsenta will be tmée 

“preparation for the NCC; mneuver ar) ox ins 

and JER, ‘Orientation of the platforw for: 
hadi be dich thet at, the TPE .4 

    

   

   



Ae 4 rerutt (t was: iden ..for the groumt ‘to trinemit to the crew tuo sete af. “one, for’comparizofi with the PNOCS and one for exe : * .declsred NO GOs In-order to mke the conperiron bE atder off 048 Ler “minutes before TPI; the: best PHNCS outpst for the erev teKae. ta the: TPZ 

: TMerefore, fol compatinility the grou 
; re for comparison purposes. If che ‘oPew determi nen.  PHGCE.1e ald right they will execute the ontoard deterntred wm r using Pell, The second set of targets tranéalt ted. fros-the grind wilt. “We uned only If the PNCOS solution ls declared unoatiafactary. = Mere: °7 >> the delta'v'a which the crew should see count Up isthe ORY wa they “) utilize Pol? to execute the mneuver manually with the: ~. | borwalghted on the target and with wings level. ‘The gourd H ~ wig) ateime that spacecrag’ attitude in addition to compensnting: fof tho Tk” control axis rotation” - m the bedy axis, Marth duration:bt there; deoxen ¥'e will afscbn serteto permit exccuti tne= Pacts 

"maneuver in the external delta ¥ coord levee‘ systen retake te ROB ye . 
; rannal te ot ee 

mk obserentid.in aad obtet nad 
itrandhitted pricy: te a it 

ng: the.  
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oe oeurronély pe ined) that the om and ony mideaurae comand pou 

aetoap co ost Ooo mint ee after TET. We did oot have time bo 

Qoeuge tht maneuver 7 the terntnel peat ine bul will de no at thee xt 

meetings OF purtcular Interest feo the deetroebt Pitty of benkfne mms yt 

to do next, Ara, wit in the otiute af the S-TVE ot that times focider 

te avolt conflict afth midweek traves fhe poato meeting wiht te te Lt 

etaphine af CO Wem. Of Febru ae Uren yg prokime that oni pehestule 

Fret ois 
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desirability of eliminating the auto altitude mineuver from the Potl ~ “ 

program since MIT says thit would be a good time to do it if we're not 
going to use it. 

kh, If and how the ORDEAL will be incorporated into this operation must. 

also be_e3 examined, as usual. De oe 

5. There was e_lengthy ant emotional discuesion concerning the overall 
reentry trajectory philosophy, Within the past year the MPAD reentry—— 
people havé dev@loped what appears to be e@ rather good way to back up the 
PROCS reentry guidance in the event it fatle, Marly in their investigation 
it was found that earth orbital backup techniques, that is, constant tank 
angle reentrier, were completely unacceptable and they developed a technique 

involving use of a constant acceleration which {8 expected to be both safe 
and easily performed by the crew, Of course, eimulations are necessary to 
verify that. Unfortumtely, after about 2 minutee into the reentry phace, 
which starts at 400,000 fret, the backup technique is not compatible with 
the primary guidance resulting in a significant difference in where the 
spacecraft will land, depending on which te ured. That is, during thre 

first 2 mimites of reentry the automatic guidance system will control the 
spanecraft during which time the crew will evaluate {ts performance Teatine 
to_a GO/RO_G0 dec!sion_on whether or not it should be used, If thay athck™ 
with the PNGCS, and it works, they will land at the targeted Innding point. 

If they declarc it NO GO, they will take over manually, fly a constant 
acceleration profile and Innd at a substantially shorter range. The 
difference betveen these two landing pointe ts currently about 800 milrs, 

although it can probably be reduced somewhat without changing procedures 
very mch. 

6. There are two schools of thought though. John Llewellyn woull prefer 
to mke the closed loop guidance more compatible with this shorter raner 
backup mvle for obvious reasons. It 1s Claude Graves! argument that to 

do #0 will severely cut into the ranring control needed to avoid bad 
wenther whiteh has been atated as some cort of a requirement rom the 

bevinning of Apollo. The issues are not black and shite and probably lo 

not require recolution Intmediately. Several things are going on which 

wilh help to me thin decision. For example, Claude Graver! people are 

looking into how mich the difference In ranging with the primiry ant 

backup mode cin be reduced while still retaining the weather avoidance 

capability and rearennble Innding point accuracy, Mike collins offered 

to look into the delay we are currently experi*neing in FCOD's renponse 

to our query about. preferable reentry g profiles, This {is of interest 

since the backup mode resuits in some 250 seconds spent in excers of 

2 or 4 gts while the primary mode gives two 50 second spikes up to 5 e'F 

each separated by about 34 minutes of low ts. Apparently, the onboard 

 



  

programs as they are currently designed cannot be mide completely compatibie 

with a short range backup mode, although they will handle trajectories mich 

closer to it than we are currently proposing. it was stated that complexity 

of procedures for each of the approaches are reiatively equivalent. 

7. An apparent discrepancy wa. uncovered regarding the EB initialization. 

Specifically, prior to reaching 400,000 feet the primary guidance syatgm 

wilt ortegt the spacecraft to ope of four posatble rol) attitudes: 15°, 

\és", 195° or 345°, that is, 15° to one aide or the other of straight up 

or straight down. zt cannot be predicted which of these will be commrded. 

Unfortunately, it le necessary that the FMB roll attitude indicator and 

the spacecraft attitude he the same when it is etarted, and aa I understand 

it, this occurs substantially after PNGCS takes control. Actually, thoce 

of us present were not real sure how {t ell works, and Claude Graven tock 

the action item of finding out what the score 1A, 

A, We'll work on all this some more and within two months welll eet 

together with NR and MIT too. 

thw ule) Qure 
Howard W. Tindall, Jr. 
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@ Memorandum 

Bee Lint below . pare: JAN 17 1968 
68-PASTH-L3IA 

Pa/Uhief, Apolio Data Priority Coordinat ton “~ 

No change needed in “he landing aite determination programs = CMe or 

RICC 

1. During © Data Priority meeting a coupse of months ago in which we 

Aincussed newl for lumr landmark tracking, we uncovered what we felt 

to ben defictenay fo the Colocaus compiter program. It wae In the 

orogram Whied ce ba Tor Cater Aine the location of the landing # te, 

Implteit in he prosram wan the need for ‘physically offsetting tue =~ 

optice from the arvecinted known iandmrk to the center of the lend! ne 

aite Itself. Aca result, a program change request (POR) was prerented 

to the Apollo Spacerratt, Sortwars Conf tmuration Contre] Board (CCR) on 

January & to correst this defteteneye Tt waa felt to be a mandatory 

shange based an the informtion avellatle at that time although the 

preetae der stoof fh bad vot been ercablished, 

  

8, On drm doo yroup of Flteht Crew, Flight Software, Mins on 

Planning ine O&O people (eee attached Lilet) met to discuoa Implement. 

tion of this program chugs. Hesalts of thes meeting were certa uly 

unexpeatert, Namely, of wg eoneluded that the change was not needed 

At ALL Art [wan QbvInG? that the CCB should ha so adyiaed, Tt 1s 

my underudantiog that MT han not actually done any work yet and thes 

have been notified of ow conelision, Some rather lousy operstlort] 

proredures sprcar to be_nucessary ‘luring the lunar_landing miucton in 

order to do che jot, bu. that is not ag ap result of any defietency in 

thir_preetiem. The remainder oF this memo will be cpent diseurring 

hose romyrr . 

Been poe pod tengontng ar Che dereent can only be performed ar 

Heo preand, bho rat fomile paying heen that wither) communfeat fort 

fore wontd Yeas teceent mud with communiontions the ground cial 

apply abl necereny Torormmctons This, the taek to be performed 1° 

for tie ground to be sapatie ef determining the apreedrntt atate 

verted fo batelite ete pe hon canedatent WIth One AMO Ler 

Ser pon cet ot cain perform the nesee nary aprenera hte gable ) y af 
tata tome wospatabtoan 4 Ryda tac Ch fa neeesmny Por the eeund te 

Obi ip trom oo CSMoork ctloobrervetlens of the Jandmurk asege tated 

with the daeagtpe ites Thopendiy fo immtertal whether on net tie 

amierereny, | oapie bo compute tie dunding «te loentuons wooo 
a os 
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ub desirable that the apacecraft can cumpule the location of the aesuc fated 

  

lanimrk to aesint in auto optics positioning but even this i@ not ertential. 

thatere required are available within the 

The point is, the capabilities 

4 8 Sbable we will ublii ne          

h, ‘The operation problems come about from a variety of sources, Fla. 

of all, vhen the spacecrnft is in an attitads permitting optical observa- 

tions of the Janding eite it is virtually certain the B-Band antenna 

cannot be directed towart t'a earth. ‘This wil) probably cause concern 

foy a number of ressons. The apecifie one which concerned us War that it 

would not be posatbia to obtain the optical sbscrvations on the downlink 

unt! the spacecraft had completed its pass und could be oriented to 

re-acquire S-Rand antenna lock on. Rven then it 4s only possible to pel 

the observations on the downlink as the crew processes them one by onc. 

Of courre, thie will also result in an onboard determination of the land- 

mark position, sf that in worth anything, The procedure is further 

complicated ty the Inet that these observationse.lip to five of then, 

each one of whien odnn!: te of f option angles, 3 IMJ gimbal angles and A 

timeseenre stored fn eranadle wemory and are subject to dastruetion if 

proper progres sequencing ts not obnerved. Yor example, it will probably 

be necessary for the crew to orient the spacecraft and reeacquire 8-Band 

antenna lock on manually atnee the comuter programs which do thet job 

probably share cranable memory with the navigation program. There my 

alan be problems anfnocinted with timeline conflicts, For example, the 

apicecraft ger Into darknene almost. {mediately after mking these obuere 

vations and it ts expected that Bo platform alignrent will be required 

during che nipht time pass. Purthermore, for 4 westerly launch site, 

time betwen obtaining the obnervations and paseing behind the moon ts” 

only about 15 minuten whieh will make it necessary to do these things very 

quickly. Ant to further complicate matters, it is probable that the IM 

han already been manned foveing one man to do it all vy himoelf alone 

with hie many other duties, 
. 

5. Idont* mean to be ming a big deal of this, rather I am jus* trying 

to give rome insieht into the situation. Tn essence, programs as they 

nye euri> tly Planned tor poth onboard and on the ground appear to be 

attenuate. Fairly comp) sted crew procedures will be necessary snd will 

he developed. Changer. he programa even if they were ponaibie wraila 

probadly not relieve * rew workload ienificantly. 

dow. 
ol Nw von 

Howard W. Tindall, dr. . 
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UNITED STATES GOVERNMENT 

Memorandum 
See list belov pare: JAN 16 1968 

O8sPAsT@LIA 

Pa/cnief, Apollo Data Priority Coordimtion 

External Delta ¥ for LOI 

1. Ine December 15 mem (67-PA-T-171A), I indicated that we vere 
going to perfor LOI uring two maurere, TI also atated that pending 

pesuits of come stidicn then underway we expreted to une the ft ternal 

- Delta V guidance mode for these marcuvers rather than Lambert steering, 

The primry reason for doing this ~as to make the crew's monitor :t: 

easier since External Delta V proviics « known coustant attitule, 

whereas Lt was anticipnted the Laséert steering would be neither 

constant attitude nor of a knewn profile until final trreetinn af the 

mineuver. However, the atudies nave now abown that the Lambert mol: 

can alco be targeted to give a cen tant att{tude burn, and rince ‘t 

apparently has come other rather smreinal benefitn we have dec fded to 

relect {ts ure for the first stag: of the LOL mancuver rather than 

External Delta V, (The record stage of the LOT will etill be done 

using External Delta V.) The mrainn] ten fits to which I refer are 

a) elightly lower eennitivity to Alspersions in spacecrmft weleht, 

engine I, , ani navigation state vector, and b) reduced time w viii 

npend in Rrgaing about and justifying ace of Fxternal Delta Vostnes 

there are a number of groups, both nt MBC and MIT, who are convince 

the Lambert. mode ts superior. 

%, fob Ernill, please take note. It seems perfectly reanomitle to me 

that the RTCC LOL targeting program should be configured in accordunce 

with the atove. Tit ic, If significant effort can be caved ty rot 

providing a chotce of either Lambert or External Delta V in the 

programs, I would recommend you save that effort and denign the cyntem 

in accoriance with our lateat recent decision which I am now relatively 

confident tc firm \ a 

Howard W, Tindall, Jr. 

Atdrersecss 
(See attached List) 
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UNITED STATES GOVERNMENT 

Memorandum 

Ps/Chief, LM Project Engineering Division pata: JAN 16 BE8 
68~PA='To10A 

Pa/chief, Apollo Data Priority Coordination 

L™-8 lunar countdown tests not nreced soon 

1. This memo is to close the loop on an {tem brought up ina mem from 

Myron Kayton to me (EG°L-M-51-7, dated Decerber 29) regarding a lunir + 

countdown timeline test on the LTA-8. You sent your copy to me stamp: 

“action.” TI reviewed this business with Myron and some other peop). 

The most. important point. to be made ix that he did not (Intent to imply 

addition of these testa in the fire? -erten of LTA-8 runs, For one 

thing, theu-' be ina dunar lanting configuration to be meaningful. 

Furthermore, we de not have a counticun in hand for the crew to ure 

even if we wanted to do {t, Once we are ready to conduct lunar areent 

countdown tents, we will probably ex-refine them in the IMB since this 

provides the best c'mriation of the overall operation, As @ cupplement 

to that, it my be desirable to include om or two runs with actunl 

ot, Apment such as would be avallatle on an LIA, but I would like to 

empharize a similation toat program of thes rature has not been lald 

out, v any means, or is ita requirement clear. 

>, None of thore I spoke to know whet Is echeduled in your LDA test 

program. Por caimple, we asgum, but ask if tt fe true, that the LK 

will be recycled throurh again, or is thie a one shot affair. If it 

{eu potng te be nun again we would te interested in when you envirion 

it being dore in the lunar landing configuration, #0 that any proporals 

ve might mee are compatible. 

“ 

“ta 

wird W. Tindall, Jr. 
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“ luser Countdown Timeline fest on LTA-5 

the width of the launch window Zrom the Luna 

a. Deltech Limits in concentrie orbit, to allow! 

Sb. maximum range during boost, if RA wonitoring 10 needed 

c. Ability of the crew to successfully complete the countdown 

within the leunch window. 
a ceo. 

tr ve are certain that the crew can complete the gountdewn on time, then ~ 

a narrow window is suggested. If for some reason the ccuntdown wea net 

completed on time, the crew would veit for the next pags when the comples * 

tion of the countdown would again be virtually assured. 

con arise during the countdown, weomays 70> 

wish to launch even if the countdown te completed Yate, since the nest 

countdown might not fintahn on tine either. Built-in hold cambility..” : 

would de needed under such circumstances. 
oy : : : 

’ We cannot make such 8 fundamental decision about the width of the Lmutich 3 

vindow without factusl date about the countdown. T suggest that A requirrs 

pent be placed on WTA-8 for immediate lunar countdown similations (perhaps 

five trials with each of ten picts) in order do evaluate timeline nnd- 

hardware problema and in order to ascertain the probability of onetime... - 

I suggest IMS similations to 

completion of A countdown. Simultancoualy, 

determine hew dutit-in holds ein be added to the countdom. . The touchiown 

wt) 
and 1ift-off tactics ‘depend upon which 1 chewindow strategy we choose. 

  

However, if potential problems 

  

  

         follow. “>>. 
, 

7] i; 

AN f "Myron Kayt 

“leet oe 
Ppe/7. Pe Loftus 
crah/P. Kramer 

Pe/o. Morris : a / 

pdalittaytontbJe 2929-67
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= : ra/chief, Apollo Data Priority Coordination “3 

esungtct: Latest on ILI . 

1. It looks Like all we need now is Headquarters concurrence to 

eliminate comand module steering of the 8-IVB during the TT” 

maneuver. Unbeknownst to we, MIT wes Alrected to stop work on” . 

this progres (Pe15) shortly before Christmas, ‘They eatinated that. - 

P-15 would becom: pacing if they Aid not start working agsin by 0. 

January 15 and they have been told rot to start. Work going on . 

within MPAD and TRH associated with thie apacecraft capability, 1. 

also being terminated and 2 recommend RTOC program and ansceistey 
MCC display requirements be dropped ismediately, too. (OP course, .§ - os 

all effort required to mke the TI G0/MO 00 decision mst be : . 

continued. ) a a . 

ee 

the BeIVB io guided by the Baturn syste hes repeatedly come up. 

It is our current intention to use the average ¢ program (PAT). 

from which it will be possible to call up aleplayn of velocity, ; 

nttitude ani attitude rate-=-the game param ters that are available © 

duvtng the launch phase, This will require ‘a omall program chanre 

which the Flight Software Branch is coordinating with MIT in : 

preparation of the total POR. T have been told there is no echedule 

impact. 

@ 2, During the many recent discussions of Til, crow monitoring when 

” Addreseees? 

(See attached Liet)
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ronitevs. my not work. 

1. aApparentiy, there tas basle preplem in the LM Abort Guidance 

_ System (ACS). Although it fe net widely known, there fs @ rupor 

the accelerometers do mot work and it is highly Likely 040 Division 

WiLL elect te procure the AGS aecelerometers from angther ecurce, 

Pipec £1 Ln tan late to obtain and incorporate them into the’ nystas . 

Anged face iy, Mey and titel will uee the original accelerometers “in”: 
the AGG. T telieer tt da their Inteation to select the beat ones 

avallable in hopes of avotd' ng an unoperable system, | . eNE     

mo fam onting thls note stuce, tf the AGS te considered undependa” . 

sble on LM«t and LMel, thin feet chould be teken- into account ine | : 

mination piarntiuy tt data petorits decictons for thode adasions. For-” 

_exnmple, it serene hichly undetirable to plan on utilizing the ACd for 

executing moeuvers in a pominn2 mission as is currently, planned ; 

Mission “v". : , Jaren 
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UNITED STATES GOVERNMENT WASA-Maneed Spacecraft Cen‘er 

Memorandum Widen Paming & fesse Deon 

Bee 1ist below - pata: JAN 1°. 1968 

an 68-FH-T-T 
Fr/Deputy Chief “ 

Crew familiarization and training for TI 

1. During our many discussions on the need for command module 

steering of the S-IVB during TLI, a potential crew faniliarieation/ 

training problem became apparent. Specifically, even if the P-15 

CSM TLI steering ia retained, it is not obvious that it will be 

possible to make the AMS faithfully reproduce the attitude excursions 

which my be encountered due to such things as propellant slosh, 

atructural bending and, particularly, propellant utilization system 

oscillations. For example, the AS-501 mission osciljations around 

the expected attitude apparently are in excess of 10° with some 

rather high attitude rates. 
, 

2. I checked with Jim Miller with regard to fidelity of the modeling 

tn the CSSC and he informed me that ail of these characteristics hove 

been included in their program, and it would be no problem for them 

to supply open loop trajectory tapes to the AMB and elosed loop 

simplations when the AMS is tied into the MCC. I just wanted to mke 

sure that all of you'were avare this capability probably exists today. 

Jim told m he intends to run some AB~SOL cases and compare the results 

with cur actual experience to verify hie syatem 1@ right. 

e 

Howard Ws Tindell, dr. 
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cr/W. J. North 
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J. Miller 

Pa/a. M. Low 
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UNITED STATES GOVERNMENT . 

. Memorandum’ 
FCi/Chairman, Ascent Phase Mission ‘Techniques pataJAN 15 1968 

Working Group 68—PA<T-6A 

Pa/Chiet, Apollo Data Priority Coordinetion 

Som: thoughte about Lunar Aecent procedures 

1. Charley, pleuse excuse this memo. It's to help me remember and 
let some othern know what we're consider ‘ng, 

“. Now that we have almoot certainly lost Le! rendervous radar es a 
tle brenker for AGS/PNCCS discrepancies in velecity magnitude during 
lunar ascent, we will have to pin down procedures that are consistent 
with what's left. I aseume we will utilize the VHP ranging device if 
it turns out to be capable under ascent conditions (tint is, mltipath, 
range, etc.). Since it is not on the telemetry downlink, I suppose it 
requiree voice relay from the command module to the LM fm the LM crevs 
use, In addition to that, it acema highly likely that veloc'ty meni tude 
difference can be detected from the DSXY and DEDA during the r‘nal stages 
of ascent, both onboard the spacecrift and on the ground, which ill 
ennble ur to determine that a PNGCS engine shutdown will be undesisnbdle, 
Ivrefer to the altuation where the ACS shows a algnificantly amiller 
velocity menitude than the PNOCS. Accordingly, specific procedures 
will have to be established for preventing the PNOCS from doing the job 
by manually inhibiting it and by taking over spacecraft control in some 
way. I think we all agree it would be undesirable to switchover to the 
AGS. 1 think we also agree that it would be undesirable to have the APS 
“prematurely” snutduvn forcing immediate resignition to mke up the AGS 
tisplayed delta V deficiency. 

h, The question before us is how and when do we evaluate the delta Y¥ 
defielency, what ia the limiting value, how does the crew inhibit the 
shutdown signal and what sor* of attitude control mode will be used? 
Following the maneuver, what will be the vrocedure to determine what 
the situation really is, that 18, AGS right/PNOCS right, and how do ve 
handle the altuation subsequent to that? 

5. It would be Interesting to know maximum diapersion in Ascent burn 
time. Tt would be interesting “wo know how long it takes to reeignite the 
APS once the PNGCS has shut it aown, It would also be interazsting to 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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know what sort of transient you coutd expect tt you actually did switchover 

from the PNCCS to the AGS with only a velocity magnitude difference. I : 

suppose that may not be a totally unacceptable procedure... * 

A 
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FA/Chairpan, Apollo Spacecraft Software DATE: JAN 11 1968 4 

Configuration Control Board > 686FM~TH5 

¥M/Deputy Chier 
f; f 7 os . 

: , 

A0S/PNOCS incompatibility review - Chapter One 

1. At the January 8 meeting of your OB I was given the action item of 

reviewing AGS SCP's Nos, 34 and 35. Sjecifically, I was to dotermine 

our position on the advieability of mking these changes which you 

tentatively approved at that meeting, and, in particular, we are to 

satisfy oureclyes that the AGS ard PNOCS were sufficiently compatible. 

This memo is to report the resulte of that review, 

2. AGS SCP No. 34 dealt with chanrina the limit on ¥, as a function of 

vehicle configuration. ‘This pareamter, known as the "Jerk" (that is, 

rate of change of acceleration), influences attitude control of the 

apacecraft in the event of ovitching over to the AGS during a descent 

abort or during ascent. This change mkes the AGS compatible with the 

PNGCS for monitoring Purposes #5 well as minimizing attitude changes in 

the event of a switchover after 15° seconds into the powered descent 

maneuver. More important than thet, ft provides a safer insertion 

perilune if the AGS is utilized. Specifically, it would always aim for 

a value of 60,000 feet. This charger does mike the AGS somewhat income 

patible with the PROCS during the first 150 seconds of this mineuvcr 

which is a emll disadvantage to the chance. However, it was the 

consensus that the advantages far outveigh the disadvantages and ve 

agree with your airection to TPH regariless of the outcome of the 

following proposal. An additional factor that cane out during our 

meeting wan that it is quite desirable to change the PNOCS to opernte 

in the same way as the AGR ani « PCR is being prepared by Floyd Bennett's 

people for the coneideration of your panel. Although this certainly 

cannot be considered.a mandatory PRICS program modification, it provides 

three significant improvements. Specifically, it -ould mke the AGS * 

compitible with the PNOCS throughout the antire descent phase. More 

important, 1% would cause the PNCCS to target for a sefer perilune, And 

most importart of all, we woull be sble to move the mode change limit from 

150 seconds into the powered dercent to a much earlier times--probably to 

a yalue of %O seconds or less; this reduces the probability of having to 

stop and restart the DPS by that amount. These final remarks are to make 

you aware of the atalus and are, by no means, meant to cotvince you of 

the desiratility of this program change. 

Bay US. Savings Bonds Regularly on the Payroll Savings Plan 

 



    

3. AGS SCP No. 35 is a small change to compensate for dispersions in 

cutoff altitude by adjusting the cuteff velocity. f velieve the mumber 

wroposed is 7 fps for each 10,000 feet altitude error. It was our opinion 

that it was a desirable change in the AGS since it will provide a somewhat 

better insertion orbit with no apparent disadvantage. The resulting incom- 

patibility with the PNOCS is trivial with regard to guidance system monitor- 

ing and certainly does mt necessitate a like change in the PNOCS. In fact, 

we do not propose that that even be considered, 

4, The above discussion deale with our specific action item, but implicitly 

there was a mich larger one, namely, review the overall Acs/PNGCS compatibil- 

ity situation, Actually, Floyd Bennett had personnel of his branch already 

engaged in this activity and a memo outlining all of the identified differ- 

ences is in final stages of preparation at this tim. Both of the items 

discussed above, of course, vere included on thie list. Once they have 

satiefied themselves that the list is complete based on discussions with 

all interested parties, we will review them in detail and prepare a presentao- 

tion for your panel describing the situation and recommending altermte 

courses of action for consideration. 
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Odds and ends about dunar landmark tracking 
I 

1. This mem is just to pass on some nusbers wuléh I found interesting — 

when reviewing the lunar landmark orbit determination procedures, It ce. 

is not intended as an argument “for” or “against” using landmark track- ~ 

ing by the commmnd module for navigntion. : ; 

?. It is Jonn Dorenbach’s opinion that in order for a landmark to be . oR 

‘visible by earthehine it mist be in tic order of 3,000 to 4,000 feet in at 

diameter. It is his estimate that landmarks located by Lunar Orbiter. oo 

photographs could be pinned down to within about 4 to 6 kllometers.~ - og 

3. I would conclude from this that landmarks in earthshine and Tandmrks 

located by the Lunar Orbiter could te used tor onboard orbit determinstion, —~. 

but that the resulting ephemeris would be axenificantly more in error than 

published estimates of landmark toucking navigation accuracy uelng properly 

illuminated and Located job-ee-des, a8 Pete Conrad would say. - 
anette CTO, ~ tes 

Med Ee 
‘ — 

he 

Hovard W. Tindall, Jr. 
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   Memorandum _ 
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Ae it pee List*telov: a bare: JAN 
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1? PA/Chief, Apollo Duta Priority Ovoniimtion 350 

First @ hourg.on the moon t# @ countdown to launch « e@imulated or veal. 
thing. . 

1. Thorne who participated in the STAC presentation already know thia, 
but perhaps some of you, like me, had rot heard, It. ig currently 
proposed that on the luner landing alseion the first ‘two hours on the 
lunar surface will be devoted to apicecraft systems chacks and Launch 
preperationr which, for all practical purposes, almulates the final, 
two hours bervorve ascent and rendezvous, Going through an Opecetion 
like this has @ number of obvious Lenefite. It!e a good pre-nseent 
"simlation" which lets you find wut early tf thore pre probirinn 

; assoctated with tint operation such as performing the heaescary tagks 
: within the time allotted. Ana, of course, Lt prepires the sptcacrart 

for lift off at the end of the comwnd module's first revolution jf 
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    i that action te required in response to some umergency altuation. Aiso, “ 
5 _ “it makes the countdown for thet event the sem as the countdowd for: 

‘ e} the nominal ascent lunar estay---thet in, staniardizes procedures, 

  

2. In preparing our mission techniques data flow we are aseauniny; that 
the lunar operation will be conducted in this way. I assum those 
responsible for planning other facets of the lumr operation are dotng 
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@ LNITED STATES GOVERNMENT WASA~Baened Spacecraft Coates 
Wusien Paming 6 Acciysis Dnvhien 

thePM-Tel 

yuo : Yu/Demuty Chief 

seapacT: Luner laplina Lighting constraint chanee 

Le I have teen celingquent emi I epoloaize gf: not eemling thie note 

around sooner. Adout @ aonth aw ¢ tearmet tana itecusston wit) Cor 

Loftus tna® .° is nis Feconmentaticn, appere et ly taxed on cons! terbie 

analyela ant revtew, that ne acrepta ye wateangleentelumrelani ne 

soumtaries «ould ‘e@ reviaet. As Lunderetact tf, the oll 6 eleyne 

tion angle at whe Lamling point Limtta sere between foo amt av in 

omer ta resin Che poseibility of Ligrt ca washes We La recommen te 

tng that thie te coanged to between yoant tho. TD do mt now far 

atatun of tris, “nat fa, whether action tama been taken to make % cee 

velues off! s 41 or not. 

>. If you ave interested = recommend yos et in foush with Jew Lrftiir, 

Aldreaases ¢ . 

You hay» protatly slreedy heart thie, bateew-Sust in caset —_———— 
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UNITED STATES GOVERNMENT 

Memorandum 
pp/Chief, Systems Operations Branch pate; Decenber 13, 1968 

68-PA-Te2THA 

PA/Chief, Apollo Data Priority Cooriination 

APS and DFS operntional cor»trnints clarification 1s needed 

Procedures for deseent abort (and noninal ascent, too) can be mide 

nipnifienntly simplier If we nocume it ta poraible to opernte the Drs 

and APS engines to propellant depletion. You have indiented this is an 

acceptadl> wny to opernte the engines both verbally and in writing, and 

minsion techniques have been developed bared on that. Thin memo tn to 

request that the officinl Operations] Mnta Pook be updated to reflect 

thie constraint + or really lack-o*-censtraint. 

Another characteristic of the DPA watch ehould be clarified in the Titra 

Pook is the renl throttle up constr int. Currently it shows a require. 

ment for at least 15 seconis onerntion at 10 percent thruet prior to 

throttle up to provide suffietent time for trimming the gimbnis. As I 

understand it, engine stability te the only real constraint and thit 

takes mach lens than 15 seconde. This also hes an influence on dencent 

abort procedures eince the LM spneeeraft computer is row programmed to 

commnd full thrust immediately and we'd prefer to operate it thot way 

tf this 15 second conrtraint Le not really valid, And we're currently 

ansuming that it'e not. 

Pleane eall if you hove any question and let me know as soon 48 poonible 

if our assumptions are wrong. 
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UNITED SYATES GOVERNMENT 

“Memorandum 

FROM 

auayEct: 

we 

Bee list attatned pate: December 16, 1968 

OB=PAaTaD/ZA 
Pa/Chier, Apollo Data Priority Coordination 

Revision to tha C' faunar Orbit Activities Document 

Attached are the three ohanve pages for the OC! Lunar orbit Activities 

Document. The changes are indicated by the black bar on the right- 

dba Nadav 
Hownrd W. Tindal, dr 

hand mrgin. 

Enclosures 

PAU ndndl, Iriija 
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a) 

b) 

c) 

d) 

e) 

i?) 

g) 

The primary 

a) 

b) 

ce)   
d) 

e) | 

er | 
, R) 

| 

activities discussed are: 

  

i. INTRODUCTION 

This document discuaues the activities scheduled to take place 
during the ten orbits of the nominal C-prini, lunar miasion, The major 

MSFN tracking cove aye 

Navigation aightinge 

IMU alignments 

Uplinks, downlinks and voice (PAD) data st ~. . 

Contingency situations 

Photographic 

Television 

objectives of the lunar orbit are: 

Obtain data for postflight analysis to evaluate the 
errors in MSFN orbit prediction solutions. 

Obtain data to allow postflight evaluation of the 
errors in landing site determination. 

Evaluate the procedures for lunar landmark 
tracking with respect to vehicle controlability 
and the ability to visually acquire and mark on 
landmarks with the SCT, 

Obtain data for postflight evaluation of the space- 
craft Orbit NAV Program (P22). 

Determine the minimum sun angle at which lunar 
landmacke -an be identified with the clarity 
required for tracking. 

Obtain photographs to be used with simulators to 
provide crew training for subsequent misgions, 

Obtain photos of the lunar far side and eastern 
limb where previous photos were of poor quality. 

 



                    

5. UPLINKS, DOWNLINKS, AND VOICE (PAD) DATA 

State vectors to provide the block data reference for TEI, in the 

event an abort is required, will be uplinked by MCC-H for svery rev 

except after LOI-1 and LOI-2, For these two cases the CMC navigated 

state vector ia assumed te be the best vector available at the time. 

(These CMC vectors will be evalueted by Data Select in real time as 

tracking data is obtained.) The uplinked etate vectore will be based on 

tracking data obtained durli: the previoue orbit and the vectors will be 

time tagged immediately prior to the next TE! opportunity approximately 

{ hour later (1/2 rev). These vectors will be loaded in the CMC LM slots 

only rather than in both CSM and LM elote. The load is accomplished in 

leas time with this procedure. (Three minutes are required to load a 

vector into either CMC slot.) If the uplinked vector is needed for an abort 

the crew will perform the 4 DSKY entries required to transfer the vector 

from the LM slots to the CMC slote (UNZAP}. The P27 links will occur 

after passing the moring terminator but prior to the P52 alignments, 

Figure 2 shows the approximata location of the SC for the selection of 

these programs, 

Associated with these state vectors is the block data sent up every 

rev to provide the TEI maneuver data. [ables { and 2 show the typical 

abort pad format and data transmitted each rev, respectively. The 

ground does not uplink abort maneuver data to the CMC for P30. Target 

AV data ie loaded into the CMC only for planned maneuvers (LOL, TED. 

The state vectors for the planned maneuvers (LOI-1, LOI-2, and 

TED will be uplinked into both the CMC and LM slots. This is a safe- 

guard in the event only the LM slot te loaded and the crew does not 

UNZAP the LM vector, After these planned maneuvers the integrated 

CSM vector will be transferred to the LM slote (ZAP). 

To assist the crew with the landmark sightings, the estimated 

ground elapsed time cf clor-at approach to the firet identification peint 

(IP) anaociated with th i's «rke will be sent by the ground, Ground 

slapsed time wil’ be per: | for the closest approach to the unknown 

landmark iP's ;"10P to the atret time they are to be tracked and for the 

cles: st approach to the pseudo landing site landmark IP prior to each 

time it ie to be tracked, a
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UNITED STATES GOVERNMENT 

Memorandum 
Gee list attached pate; December 9, 1968 

68-PA+T=270A 
Pa/Chtef, Apollo Dais Priority Coordination — 

sur aer: FP Mission Techniques e« LM Checkout 

On December 6 we had our firnt F Miscion Techniques meching dealine 

with pre-DOI activity. It rerulted in 4 lot of things To never expected, 

since I thought the timeline and procedures for LM checkout and COM 

innding site tracking were pretty vell ormanized ard aceeptable with 

just minor tune-up. At thir mecting ve really choow up the world ard 

are now looking into substantial changrs in overall concept as well an 

chnnges to the detailed techniques. The two most e.enificant proposals 

under consideration now involve the following: 

na. There sre good rencons = and a strong desire on the part of 

the crew ¢ for manning and checking out, he LM prior to puttine on 

their bunny suite (PCA's). The significance of th's ns I understand 

it is that the crew feels they cnn perform their tasks much easier withe 

ait the suite on - tneludtne moving from one spacecrnft to the other 

quickly and easily and then cuiting up at some conventent time integrated 

in with the other activity Just pior to DOI. 

b. Everyone is now rerlously looking into the benefits and lise 

advantages of scheduling a period of LM checkout prior to DOT Day. The 

idea is to see if tt is posnible to shorten DOI Day by minning, powering 

up and checking out many of the LM systems, and then powering it down 

again prior to LOI (actunlly before the last translunar midcourse correction) 

or immediately after LOIo before the res period. Of course, it mist be 

determined that checkout cnrried out at this time need not be repented 

after powering down the LM +*| that the time and energy spent during this 

earlier period is not too expensive. It mist be emphatically statec that 

our decisions mist be based on G minsion constrnints since they my be 

tougher to mect than the F mission. The point 1, that we certainly do 

not want to set up a special technique Just for ¥ since one of our primary 

objectives is to une Pas a dress rehenrsal for 4. 

If we sehedule a pre-LOI pertod for LM activatioa and cheeke, +, the 

configuration on DOL Day wlll be: 

ae LM will be preseurizend 

b. Drogue and probe will be stowed in the CSM (eny structure or 
e.g. problem for LOI?) 

Buy U.S, Savings Bands Regularly on the Payroll Savings Plan
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and the following system checks will have been made: 

n. SeBand steernmle hic been checked 

bd. VHF - B simplex checked 

ce. COAS and AOT Lighting checked 

dd. Lk checked 

e, LM S-band (PRM) ranging DLO accomplished 

f. -Cabin resulator checked 

eg. DPS throttle checked 

h. Oxygen purpe system checked 

i. RCS cold firing (requires LOC and IMD powered up) 

je Gimbal drive tect (requires LGC am} IMJ powered up) 

k. PGNCS pyro drift checked 

1. PIPA pyro arift. checked 

m. CEM rte pyro checked 

n. LOC E-memory dumped and checked = ano fetonded if necessary 

Avnain, the mjor reison for doting this ls to reduce the preeDOL timeline 

finee on roth F and G the Dot Day hns grown exercaively Lome. Speci 

flenlly, the current timeline provides about. 10 hours between wake-up 

ami the DOI mineuver. More than oneshalf the day is pone before they 

even otart doing anything. 

So you nee quite different than my naive pre=mectiny impression, we have 

n lot of thingn to do to vet this thing equared awny, but before we van 

even do thit we have to pot nome falrly sientfieant decistons on the two 

[tems noted above, Of courne, we mart do enonph work to supply the dats 

required ta get these deatstonr, unlear someone wantn to arbitrart ly 

choose our course of aetion, We intend to get toenther apnin on Pridny, 

fecember 1s to continue our deliberation, In the meantime, we are hop 

to get core opinions from nround the country whether this fs in insane 

approsch or not. cereteeeecnnectine ame” 
. 

Ww Howard W. ‘findall, Jr. 

TA:HWTindall, Jr.iJs
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list attached pats; December 6, 

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

C’ Abort Maneuver Overburn Monitoring 

In response to a C' Mission Technigucs action item, Rick Nobles 
informs me that they have established tne burn monitoring procedure 
to guard against overburn during any non-nominel C' maneuver. As a 
standard procedure the crew should mamally smut down the BPS as soon 
an the duration of the burn exceeds the nominal value by one percent 
and the 6 AV Counter indicates an overturn of one percent over its 
nominal reading. The nominal value of burn time a: unter 
veading are included in the PAD messages and block data relayed from 
the MCC-H for all abort maneuvers. (Current Mission Techniques 
Documentation reflects this procedure.) It is to be emphasized that 
this overburn monitoring procedure is only for the non-nominal maneuvers 

and does not apply to Tul, LOI, and TEI for which specific techniques 
have been developed. 5 

Qn 1 

Howard W. Tirdall, Jr. 

PA:HWTindall, Jr.tjs 
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UNITED STATES GOVERNMENT 

Memorandum 
¥0/Chief, Guidance anf Cont:ol Division " paTE: December 6, 1968 

~ 68-PA~T-265A 
Pa/Chief, Apollo Data Priority Coordination 

GDC required for TI 

cus severence to your November 18 mean to me in which you state that 
toe Gyro Display Coupler (GDC) ie required to bu operable for commit- 
ment to TLI, I would like to assure you that current C' mission rules 

reflect this requirement. It is agreed by everyone T have talked to 
that redundant attitude reference systems are required prior to leaving 

earth parking orbit and, of course, without the GDC there is no backup 
to the GNCS. 

Please excucs this late reply. I took action on receipt of your memo 
and then failed to inform you of it until I recovered it yesterday from 
tha bottom of my “Immediate Action” basket. 

W. Tindall, Jr. 

ecs 

PA/G. Me Low 
Fe/c. E. Cherlesvorth 
¥e5/c. B. Parker 
TRW/Houston/R. J. Boudreau 

PAtHWTindall, wr.:je 
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list below DATE: December &, 1968 

68-PA-7-264A 
PA/Chief, Apollo Date Priority Coordination 

Some Mission D contingency plans 

During a recent D mission rules review a couple of Interesting thingn 

came up that 1 hadn't heard of before. You probably ought to know 

about: 

a. The crew is conaidering mking the docked DPS burn even if the 

PGNCS haa failed. They world do thte by turning off the gimbal trim 

motors + leaving the DFS in its pre-leunch position, setting the AGS 

attitude control to pulse, and mamally controlling attitude using the 

lateral translation RCS thrusters. ‘They intend to check out this 

procedure in the!r crew tretner. And, this may be the only place it 
gets checked out befcre flight! 

b. There was quite a discussion about what to do if they sare 
unable to separate the LM and the S-IVP. The crew seems inclined to 

man the LM and power it up sufficiently to permit staring the DPs. 
That is, they would leave the DPS corrected to the O-IVB and pull cut 
only the Ascent stage. It is not eleir shat can be done with the LX 
in this configuration end so it is not clear what benefit is derived, 
Also it is no* Clear whit risks ure involved. Poth of these are beinre 
evaluated in order to ‘oride Uf this is vorthwnile or not, 

BS 
Noward #4. Tindall, Jr. 

Addressees: 
FM/J. P. Meyer 

C. R. Huse 
D. He Ovon 

FMi2/R. Pe Parten 
yM/Branch Chiefs - 

MIT/IL/M. We. Johnston 
NR/Downey/3. C. Johnaca (bh), ABAA 

PASHWTindell, Jr.:jc 
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UNITED STATES GOVERNMENT 

Memorandum 
: Bee list below DATE: December 2, 1968 

68-PA-1-263A 

: Pa/Chief, Apollo Data Priority Coordination 

Proposal to add something nice to the F mission 
eee aoe   

If it mkes sense, I would like to start a campaign to add some actual 

powered descent into the F miesion with an abort about 300 seconds 

after PDI or whenever it 1 that the DPS can return the LM to the 

desired orbit. Could you people please give me a list of the benefits 

we can obtain by doing this, such as: 

a. Realistic full duration DFS test 

b. Landing radar teste 

c. Powered flight MBFN data to test the Lear processor 

4. PONCS guidance test 

e. Shortening the rendezvous two hours 

You might also identify hazards. If the results of thie survey are 

positive, I will put together a proposal and try it out on our, leaders. 

PEN 
Howard W. Tindall, Jr. 

Addressees: 
rch/s. 2. Hannigan 

gd. B. Craven 
crah/M. C. Contella 
Bce/C. T. Hackler 
¥w/J. P. Mayer 

C. R. Russ 
D. H. Owen 

yMle/R. P. Parten 
¥M/Branch Chiefs 

- wrr/1L/M. W. Johnston 

PAIHWTindall, Jr.tjs 
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UNITED STATES GOVERNMENT 

Memorandum 
fee list attached DATE: November 29, 1968 

68-PA-=T-262A 
Pa/Chief, Apollo Data Priority Coordination 

D Rendezvous Mission Techniques 

Thie memo in to tell you about the results of the November 25 D 
Rendezvous Mierion Techniquen meting. Except for a number of smal 
clenn up items, we spent moot of our time talking about how to handle 
silppage of TPI time and incomplete Insertion and Phasing maneuvers. 
After an exhausting discussion, I think we have those items under 
pretty good contrll 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 mke a "twenk" mineuver at the horizontal crossing if necessary to 
return the tvo spacecraft to a nominal relative motion mint-football, 
This maneuver will be made only if it is known that an abort is required, 
It shall be based on a chart the command module pilot carrys. 

2. It had previously been decided to stage the DPS if the LM mst 
make the TPI. mincuver - abort from the football. Of the several 
techni ques EPoponed, the one mort favored now to preclude DPS recontact 
ts to impart an out-of-plane Av to it an part of the TPI_ maneuver, 
The crew is going to try out the following procedures in the simulator 
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 uring the yeaxia RCS jets to build up approximately 
5 fps out-of-plane, 

bd. At TIC they will start thrusting with the plus x-axis RCS 
dets and etoge the DPS as soon as acceleration exists. The out-of-plane 
Av will be removed with the TPI thrusting with the x-axis Jets by 

yawing the spacecrnft (1.e., spacecraft rol}). (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 TPT » the LM 
shall not stage the DBS, ° 

3. It hnd been recovnized that when computing TPI in the football 
trajectory it ts possible to get two different solutions since there 
are two times the relntive angle between the spacecraft passes through 
7.5 degrecn. Both MPAD and MIT have run analynis to determine what 
happens and how to handle the nftuotion, ‘The following table summries 
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the results: 

  

  

  
  

__Time From Phasing PONCS Operation 
0 to 4S mimtes Alat: sade (no solution) 

45 to 85 minutes Desired solution obtained (TPI = 70 minutes) 
85 to 87 minutes Wrong solution obtained (TPI = 87 minutes) 
Greater than 87 minutes Pails to converge ! 

The nominal TPI_ time we wert oo une is about 7O minutes after the j 
Phasing burn anf if the crew uces that value as an input to P3l, there 
should be no trouble since it's well inside the boundaries which yield 
the desired solution, 

4, Experience ms shown that the crew simulators - LMS and CMS - de 
not accurately duplicate the true spacecrafy 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 ts included asp an 
attachment to this memo. Based on this, I'm told the simulators can be 
fixed to be mor? realistic. 

5. At this mecving 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 currert three sigma estimte of TPI 
time dispersion is + 4 minutes. What I mean by this is that by using 
the LM radar navigation to perform the CSI and CDH vargeting, errors 
Gan result causing the time at which the nominal TPT elevation angle 
actually occurs to be as mich ss four minutes from the time the tare 
geting wes aiming for. FOCSD 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 chince of being within the acceptable 
window. However, obviourly techniques mint be developed to handle the 
cnse when we ming, 

a. Our discussion revealed that it in unacceptable for TPT 
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,



       

     
        

    
     
      
       
         

        

       

        
    
     

        

     

      
       

  

   
b. Discussion also showed that, although undesirable, late TPT 

fe not unacceptable and, in fact, it is preferable to continue to use 
the elevation angle option with a nominal 277.5 degree value regardless of 
how late TIG occurn. And, no thin ie what we shall do. 

Ar you see then, we have vn fairly simple lorie to qiide the crew tn 
chooning their procedure, That te, the crew procedure ia baaed on 

‘whether the TPI time an determined onbeoamt the aprceernft occura earlier 
then 3.5 minutes before nominal TTI. Since they only have to rucyele 
the TPI computation awitching to the Time Option if the TPIT is too early 
by more than 3.5 mimites, they always have at lenot an additional 3.5 
minutes to trke aetion., Thia mker tt poreidble for the crew to wiit for 
the finn computation of TFPI after the lnct rendesvoun navigation to 
mike the decicion of wileh way to po. 

6. There tna problem brought vbeit by thin procedure with regard 

to what the MCCeH must do for the TPI FAD meaeage. Thin data = relayed 
by voice to vie crew - le normily ured for tvo things. First to verify 
ihat the onboard puldance system {= working acceptably and the second 

fn to provide 9 backup mneuver to be executed {n the event tt is not. 
The procedure notet above presents an otvicur problem if the crew hao 
to po Into the Thre Option anes there fr ne way for the ground to come 
pute nm compatible solution for comparicen. Accordingly, the following 
precedures were developel, which are only used if the onboard solution 

of TPI time te more than 3.5 minutes early: 

a. The MCCeH computes ant relays only one mineuver PAD meannge « 
moooly, a mineuver bared on exeeutine TRI with an elevation angle of 
27.5 degrees, repardiesr of when TIG occurs, 

      
     
      

     

        

       

        
      

be. Even thouch the LM crew determines that TPL time ia too 
marly, they wilh eall for the °7.5 derree AV solution and compare it 
with the ground data to determine Lf thelr PGNCS is working. If it is 
neerptable, they will use the proceedure noted in Sa nbove, calling for 
the Time Opticn with nominal TPI nnd continuing on without a ground 
backup mancuver. 

e. If the BM comparison with the ¢round solution ia not favorable, 
the COM aleo comparen Ite 7.5 degree TPT solution with the ground and tf 
acceptable, will reeyele ipte the Time Option of P34 using the nominal 
UPI time and will execute the renultant maneuver. In other words, Jf 
the BM PONCS La broken and the COM GNCB in working, the CBM should becom 
netive for IT, 

ad. If the COM solution In alro found to be unnceeptahle, the 
LM crew should compare thelr chart solution with the ground and execute 
1h tt acceptable, 

 



e. If all of these fail, we have « situation in which TPT has slipped too early, both spacecraft guidance systems have failed, ae has the LM backup chart solution and there seems nothing to do but to perforn the MCC-H solution. Boy! 

7. A lengthy detniled discussion of vhat to do in the event of incomplete Ptasing and Insertion mineuvers led to the following Mission 
Techniques: 

a. Phasing 

If the DPS does not itght or if the Drm lights but ehute down premturely, do not atage, mill horizontal AV's and if possible, trim radial (x-body) to within 2 fps of nominal, Thia places the LM ina foottall, its aize dependent on the extent of the AV gained, Then {t 18 necennary to choone one of the following courses of action 
in Real Time, depenient on what caueed the premture shutdown, 

(1) Execute TPT, from the prenent trajectory this rev or 
next, 

(2) Complete the phastrur one rev later (CBM shall be mirror image targeted for this mineuver) uring DPS under PONCS control, RCS (Stared), APS, or CSM (RCS or SIS) followed by TPI_ at the next opportunity or insertion a quarter rev after that. ° 

This ts an appalling numter of choices which mst be 
substantially reduced before the flisht treed on systems considerationa, mination objectives and extent of flexibility affected hy the crew 
procedures, The latter tn extremely important aince the procedures 
are complex and completely time dependent; they are fot easy to recycle into. 

be Insertion 

(1) If DPS dors not start, etay in football by mulling 
out ullage. 

(7) If DPS doce start, the primary goal ie to complete the burn using RCS with APS interconnect. If the AV required is greater than about 8 fps, staging ta required. 

(3) In order to be premred for some mysterious time 
eriticnl problem discovered within one minute after TIG, the COM will be targeted with the same burn as the LM to be executed with a one 
minute delay. Thin in not a mirror imee burn. It mulle the LM burn.  



  

8. MIT reported on an old action item that the CSM PIPA bias check 
cannot be conveniently reduced below 956 seconda duration, 

9. In case everyone has not heard, the BUNDANCE program has been 
fixed so that the crew can use the rendezvous radar self-test program 
(ROL) during terminal breaking with the Average g program (P47) running 
simultaneously. That ia great! 

10. Although not part of the D mission rendesvoun, our final 
dtecussion of the day involved what the CGM should do during the docked 
DPS maneuver, Options for the COM are to une the BP8 thrust program 
(Pi0), the RCS thrust program (PA1), or the Avernge g@ program (PLT), 
Due to a limitation in the displays avaliable in Pl7, which we know 
would work, the crew would prefer to ure Plo or Pul. We're not too 
sure how they will do so we asked MIT to look into how each of these 

programs would operate during the docked DPS burnna such that we may 
make a final choice, 

I don't expect to have any more full blown D rendezvous ? etings 
untll the final review of the Misraion Techniques Document now 
echeduled for distribution about December 16, Thin review will 
probably be about Janunry 10, 1969, 

. 

Nau 
foward W. Tindall, Jr. 

PAtHWTindall, Jr.:jn 
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UNITED STATES GOVERNMENT 

Memorandum 
See ilst attached DATE: November 25, 1968 

68=PA -T2258A 

Pa/Chief, Apollo Data Priority Coordination 

Descent Aborts « Part IIT 

We have had a couple more Descent Aborts Mission Techniques meetings 

resulting in substantial progress which I would like to tell you about 

in thie meno, if you haven't already heard. 

A basic ground rule we have entablinhed is that then abort procedures 

into effect at the time powered descent initiation (PDI) is attempted 

fie, atarting at the time of PDI TIG). The point in, if the descent 

burn ts not attempted at all another procedure is used (Tap). But once 

descent ie started and an abort is required, the crew will alwaye go to 

PTO or P71, the DPS or APS abort programe. 

Ao noted previounly we have eliminated the special abort zone during the 

first 50 seconds of powered descent which used to require special pro- 

cedures, A simple program change was made to LUMINARY to do this. In 

order to cause the syctem to work in an acceptable way, it is also neces« 

rary to increase the insertion apogee altitude in the PONCS targeting. 

This {8 done by changing the value of an ernsible memory constant in the 

Loc. (Insertion apogee altitude is now 100 n.my 4t was 60.) A prefer- 

able solution wna conridered for LUMINARY but mst be delayed to LUMINARY 

II due to schedule impact. It is to have the PONCS compute the optimm 

apogee insertion altitude in real time based on the phase angle between 

the LM and the CSM at the time of the abort. It is posalble to do this 

such that the subsequent rendezvous sequence is almost identical to the 

nominnl lunar landing mission rendezvous sequence - always providing a 

one rev rendezvous with a differential altitude of 15 nam This program 

change wlll likely be made in the AGS, too - perhapa even in time for the 

F mission since itt is relatively simple. Assuming we are able to fix the 

PONCS program for the lunar landing mission, it looks like we have a very 

good, straight forward, simple and standarized abort/rendezvous procedure, 

One caution mist be ooserved since the DPS abort program (P?)) commands 

full throttle immediately. Therefore, if the crew decides t). abort on 

the DPS inmediately after PDI they mot at learnt await engins stability 

hefore hitting the Abort button. I should also point out thit aborts 

during the firet 40 ssconds of powered deacent will currently result in 

a spacecrnft pitch maneuver which will cause the MCC-H to Lone all telemetry 

until the crew can realipn the hi-gain antenna or switch to she omnis. 

A program change request for LUMINARY II has been submitted to fix thir, 
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Another area in which we have been working is the procedure following a 
descent abort using the DPS engine immediately after the engine cutoff, 
Like any other maneuver, the standard procedure is for the crew to call up 
the AV residuals on the DSKY and check the horizontal AV stili required. 
Then: ~ 

a. If the horizontal Av to be enined te lean than 5 fpa, which 
should be the usual care for aborts prior to about 200 seconds Into 
powerad descent, the creek will Crim it with RCS without ataring the DIS, 
Outeofeplnane and radial Av component. wilh be left untrtimned and their 

effecto will be eliminited by the cubsequent rentesvour mancuvers. . 

oy. ‘If the Av in the hortvontal dfreetten a’ che endl of PPG burn 

in more than 5 fpn but lean than 20 fp, we sant to stape the PIG off 
prior to burning into erblt with RCS rinee RCO pune Impingement pre. 

cludes dragying the DPO along. However, starine presente a problem 
sinee the IGNCS digital auto plot (DAP) will m*. be awnre It hur 
happened, Since it would continue to assume the alph tnertin, unstoped 

epacecrnaft, it would command excenalyve RCO flrine for altitud: control, 
Like IM ,, Jt would renLly hore out the RCO fuel. The enntest way around 
thin ic to switch guldince’ control to "AGG” ant attitude control to "AGE 
attitude hold" and then mimoally translate Into orbit with RCO based on 
the PONCS pexy AV display. ‘The procedure would te to manually ntage 
iomediately after initiation of the RCS trimturn. Again, there ia no 
renson for trimming the out-of-plane and rndial AV restduals, 

e. If at DPS engine cuteff the Ay residual tn the horizontal 
direction excends 30 fpa, the proredure ts to efmply hit “Abort Stare." 
Thie will automticnally separate the DPS and utilize the APS to complete 
the maneuver required to achieve the desired orbit. The AV required 
depends on the abort time and ean range fromas little as 30 fpe all 
the way ton full Aneent duration burn. The 30 fpr boundary win choren 

because nttempte to ure P7L/APS for emiller mncuvern ean rerult in very 
laren Av errors, (n fact an mich an °C fpr. Agnin, only the horizontal 

ineplnne component of Av heel be trimmed after the miln engine eutotf. 

Of courne, tn care “a” notet nbove it will be necesonry to neonate 
from the DS sometime. There was considernble direunsion ac vo whether 
a special cost-insertion mineuver should be mide -cr this or f Lt was 

preferable to awnlt the firr* of the acheduled rendezvour burin « CST. 
We finnlly conetuded that the mont atrateht forwa dl procedure wan to 
feparnte the DMO at Col im order to avold the nee l for more complianted 
special proteduren for tha apeetal afituntion. Separation at COT 
rather than immediately at tnsertion also providen the peripheral advantage 
of an extrn hour use of DPS consumblen. Put that Ls not our rearon for 
recommending this preerdure., Of course, Lt will be neeesonr’ for the 
crew to cerry out certiln DPS cafine proceduren, fpeelflenl y, they 
mint vent the tankn oration they do after no nomtrald Luanne dnadinice One



open item in regard to this is the determination of how propulsive this 

venting is. If it turne out to be unacceptable we may be forced to provide 

some special procedure to stage the DPS at a FCD hac the action 

item of determining the magnitude of venting A 

“edeat TSS Br dS) sa daw, 
PA:HWTindall, Jr.:ja 
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list attached DATE: November 25, 1968 

68-PR-T-257A 

Pa/Chief, Apollo Data Priority Coordination 

LM DPS low level Light fixing 

I think this will amise you, It's something that cnme up the other 

day during a Descent Abort Mission Techniques meeting. 

An you know, there in a light on the LM dashboard that comes on when 
there is about two minutes worth of propellant remaining in the DFS 

tanks with the engine operating at quarter thrust. This is to give 
the crew an indication of how mich time they have left to perform the 

ianding or to abort out of there, It complimenta the propellent gauges. 
The present LM weight and descent trajectory ia such that this light 
will always come on prior to touchdown. This signal, it turns out, 
is connected to the master alarm - how about that! In other words, 
just at the most critical time in the most critical operation of a 
perfectly nominal lunar landing mission, the mster alarm with all 
ite lights, bells, and whistles will go off. This sounde right lousy 
to me. In fact, Pete Conrad tells .e he labeled it completely unacceptable 
four or five yeare ago, but he was probably just an Ensign at the time 
and apparently no one paid any attention. If this is not fixed, I predict 

the first words uttered by the first astronaut to land on the moon will te 
“Qee whiz, that master alarm certainly startled me.” 

femme 

  

As I understand it, cutting the wire to the master alarm eliminntes the 
low level sensor light too. If nothing else can be done, this should be 
and we'll get along just using the propellent gaures without the light. 
If possible, a better fix would be to cut the wire on both sides of 
the moter alarm and jumper the signal to the light only. 

Incidentally, on the D mission the propellent levels will be low enourh 
when we get to the DPS rendezvous maneuvers - Phasing and Insertion = that 

if this system is activated prior to ullage, the mister alarm vill likely 

go off. I guess it will be atandard procedure to punch it off if that 
happens. Put, where thie is just an annoyance on D, it is dangerous on G. 

N 
Howard W. Tindall, Jr. 

e 

  

PA:HWTindall, JrotJs 
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UNITED STATES GOVERNMENT 

Memorandum 
: See list attached DATE: November 21, 1968 

68-PA-T-256A 
: PA/Chief, Apollo Data Priority Coordination 

sussect: C' entry initialization with no communication 

Bob Weber, Jon Harpold, and some of their friends got together to work 
cut the procedure for the crew to determine the landing point for 
targeting the GNCS entry program (P61) in the event of a no communica. 
tion/return to earth. The procedure is essentially as we laid it out 
during one of our big meetings a couple of weeke ago with a few minor 
embellishments. The procedure {a as follows: 

1. The crew will use the Return-to-Zarth program (P37) to obtain 
the predicted landing point longitude and inertial velocity at the 
entry interface, 

2. Using a chart, they will determine a longitude bias based on 
the inertial velocity, For lunar return velocities this biee will be 
approximately three degrees. Since P37 always plans for an entry range 
which is too long +» that is, too far to the east - this bias must be 
applied such as to result in a more westerly landing point. ‘The resultant 
longitude is the one we're looking for. 

3+ Using the Ground Track Determination program (P21) the crew will 
iterate to deteimine the latitude of the point on the ground track which 
is compatable with the binsed longitude. ‘This is necessary in order to 
avoid having the GNCS attempt to reach a target point substantially off 
the ground track and perhaps even outaide the available footprint. 

Lh. The values of the latitude and lengitude thus obtained are com. 
pared to the last Block data values received from the ground prior to 
communication loss, If the values of latitude and long!itude in the Block 
data are both within cne-half degree of those de“ermined hy the proceso 
outlined soove, the Block data valuen will be usid. If either differs by 
more than one-half deyree the P37/P21 values will be uned to target P61. 

5+ ‘The Range-to-Go display obtained in P61 after input of this 
target point shall be checked to make sure the GNCS will be ettempting 
to fly a reasonable trajectory, Specifically if the Range-to-Go display 
used for initialization of the EMS io leas than 1350 n.m., thy G&N shall 
he uned. If the disp.nyed value in larger than 1350 nvm, ths crew should 
nasume nonething is wrong with the GaN and should mamally fly a constant 
4 g entry. 
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Rationale in selecting the above procedure is primarily directed toward 

providing a safe entry by mking all C&C systems available for the crew's 
use. That is, we want to use the G&N provided it can be initialized 
properly. Furthermore, we want it to be operated nominally such that the 

EMS monitoring techniques sre standard. To accomplish this it was most 
important to select a landing point assuring a nominal entry range regard- 
lese of where the landing point turns out to be. Of course, if the crew 
navigation cnd maneuvers subsequent to communication loss are done properly, 

the landing point should be predicable and acceptable. Accordingly, the pro- 
cedures wer? set up, not to land in any particular place, but rather to 
provide approximately ¢ 1350 nom. entry range. By attempting to mke the 
chart ac simple as possible consistant with that, we ended up with a linear 
longitude bias as a function of inertisl velocity. Specifically, the 
chart is a straight line between zero bias at 34,000 fps to three degreca 

bias at 36,300 fps. It is recognized that we are not taking into account 
the affects of heading angle and latitude at entry, both of which can 

affect the entry range somewhat. However, it did not seem to us that 
the extra complexity {tn compensating for them was justified. This chart 

will be relayed to FCSD by Harpold via Mike Collinr. 

Abiraude vu 
Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:js 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: November 20, 1968 

68-PA-T-255A 

Pa/Chief, Apollo Data Priority Coordination 

Is MBPN ranging mndatory for C'? 

During our C! Data Select Mission Techniques meeting a queation came 

up which mist be understood and answered prior to the flight. It 

involves the requirement for being able to obtain MSFN range informe 

tion during the cis-lunar phase of the mission. [t has been said 

unofficially that ranging is essential to do # decent job of orbit 

determination, although, I'm sure something can be done in its absence. 

The question is what confidence have we of being able to hit the entry 

corridor if ranging is not available. I have asked the Math Physics 

Branch to determine encry corridor targeting accuracy without ranging. 

If this turns out to be unacceptable, then a mission rule may be needed 

establishing that certain pieces of spacecraft equipment mist be working 

prior to committing to TLI in support of this requirement. Further 

complicating the situation is our uncertainty as to just what the space- 

craft equipment is - specifically, how redundant and how reliable. 

Howard W. Tindall, Jr. - 

PA:HWTindall, Jr.:Jjs 
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Memorandum 
:See list attached DATE: Nevember 20, 1968 - 

68-PA-1=25HA 

: PA/untef. Apollo Data Priority Coordination 

susject: C' Missicn Techniques + mostly En‘y 

On Friday, November 15, we had the lsst Ct Migs:on Techniqus meeting 
I expect we will ever have. It was mostly devoted to entry although, 

of course, some other odds and ends were discusred. 

Before getting into the results of the meeting I would like to report 
two minor adjustments we have mide in maneuver monitoring. Specifically, 
we have chanced the time limit the crew uses in protecting against over- 

burn on TLI by manually shutting down the S-IVB from ten s2conds to six 

seconds post nominal. We have changed the equivalent time on the TEI 
burn from tnree seconds to two seconds. 

The MCC-H will uplink the entry REPSMMAT shortly after TET. We intend 
to ure the some REFSMMAT all the wy tack and no adjustments wili normally 
be mide to lt prior to entry even though dispersions could cause it to 
devinte clightly from lts nomiml 0, 150, 0 values at entry interface. 

In the event of communication loss, the crew will use the return-to-earth 
proprom (P37) for midcourse muneuver targeting and entry initialization, 

In a nominal mission thia would not be necessary, of course, but the crew 

does intend to play games with it Just to see how it works, It is to be 
emphasized that P37 mast not be used after three and one-half hours before 
entry interfaces when the McC 7 update is uplinked, because to do 30 will 

cause the External AV target load and the landing point location to be 
revised based on P37 computations and we don't waut this to happen. 

As noted previously, at EI-15 hours, the MCC-R will inform the crew that 
MOFN state vectors are adequate to complete the mission in the event of 
subsequent commuinteation loss. It is to be emphasized that all other 
Informition required for carrying out the final mideourse correction and 
entry mst nlso be supplied at the same time. This includes the complete 
entry PAD voice messnye and reentry reference time (RRT). The RRT value 
will not be chinved after this voice message. 

Flight Amlysic Branch reports there ig no recontact problem following CM/ 
GM reparition providing the Av {s at least 3 fps. Of course, it should 
be substantially more than that. 
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In all cases, both with and without communication, the crew will hold lift 
vector up until .05 g‘s. This makes all the entry procedurvs standard, 
which considerably simplifies things. 

Non-C&N constant g entries will all be flown with the lift vector toward 
the nort! in order to provide the best horizon view, With ‘he EMS working, 
it was a reed that th: crew will hold four g's until croseing the circular 
velocity line on the a5. If the MS is not vorking, they will miintain 
four g's as long as it is possible to do so. It is to be noted that it 
will not. be possible to rench the 1350 n.m. target by following this 
procedure olnee by the time the crew starts ranging with the EMB they will 
probnbly not be able to fly more thyn 1200 num. with the remining lift 

capability. Without EMS ranging at all, which is what they get by flying 
the r meter, a four g entry renge is about 1100 nom. It was decided after 
considerable diseusefon to use four g's since that is the center of the 

acceptable range (i.e., three to five g) and it is impossible to reach 
1350 safely using the EMS alone. That would require flying a constant 
1.5 g entry and this value ts considered entirely too small to positively 
preclude skipping out. If Claude Graves’ people are able to develop a 

chart for the MCC-H flight controllers to use in determining the time the 

epicecraft should achieve circular velocity, assuming a four g entry, they 
will dv so and this quantity will be added to the entry PAD message. It 
will be used as part of the EMS performance evaluation and in the event of 

a g meter entry it will give the crew some idea when skip-out is no longer 

possible. 

While reviewing the PAD messages, a number of minor adjustments were made. 

One item which should be reported is that the MCC-H will always include 
their best estimate of spacecraft weight on the maneuver PAD. The flight 
eontrollers recommend that the crew always load this value into the DAP 

data loni routine (RO3) regardless of how small the change from what is 
alrendy presently in memory. You recall that COLOSSUS automtically updates 
weipht during maneuvers. We expect that the crew will exercise some judgment 
when nptlying this procedure. 

ly afi Noon p. 
. Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:js
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UNITED STATES GOVERN MENT 

Memorandum 
See list attached , DATE: November 15, 1968 

68-PA-7-2534 
PA/Chief, Apollo Data Priority Coordination 

No real time landing site data processing is planned on © Prime 

In 9 meeting with Flight Software Branch and Flight Control Division personnel, we concluded that we would not Procesa landing site observa. tions obtained in lunar orbit on the C' in real time in the RTCC unless airected otherwise, 

During the Cc’ mission, one of the primary objectives 1s for the crew to track a pseudo-landing site. This is to collect data to determine how well thie can be done on the lunar landing mission in order to target LM descent. It has been proposed that we could actually carry out the same real time computing process in the MCC-H on the C' mission. The advantage of doing this in real time as opposed to post-flight is that we may uncover some subtle problem which post-flight processing would miss. It is to be noted, however, that a complete, high-fidelity rehearsal of this lunar landing mission activity 1s planned for the F mission which would do this job much better since the spacecraft configuration, crew Operations, and MCC-H operations will all he {dentical to G. Problems encountered during landing site data processing on F could not jeopardize that mission in any way, of course. The dis- advantage in attempting to do this is that in order to do it with con- fidence, RICC computer time and personnel would be required to cheek it out and real time operations would have to be established and included in simulations prior to the c! flight. With the flight so imminent it does not seem logical to divert this kind of activity to a non-essential tack. Therefore, it is our recommendation that we do not take thia additional step on Cc’, 

| - . x 

Howard W. Tindrll, Jr. 
PAtHWTindall, Jr.:je 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached pare: Novenber 15, 1968 

68-PA-T-252A 

Pa/Chief, Apollo Data Priority Coordination 

F Rendezvous Mission Techniques 

we had our first F Rendezvous Mission Techniques meeting on November 12. 

We went through the whole thing rather smoothly with very few open items, 

probably due to all the past work on D and G. Ovoviously it is a mech 

simplier exercise than the D rendezvous. This memo is to record a few 

of the significant agreements. Many more vere reached but have been 

understood for some time and are not considered particularly controversial. 

Attached is a list of action items assigned to MIT. 

1. The CSM Separation maneuver from the LM an hour before DOI shall 

pe radially downward 2.5 fps. 

2, We intend to use 1ldentical REFSMMAT in the CSM and IM. It will 

be computee by MCC-H at the beginning of the DOI period of activity and 

will not be changed throughout the entire rendezvous, In fact, it will 

probably be used for TEI as well. It is keyed to the pseudo-landing 

site and will not incorporate information obtained by later orbit 

determination or by optics observations of the pseudo-landing site - just 

like G. 

3. Both the DOI and Phasing maneuvers shall be targeted from the 

MCC-H, of course, This will be done prior to DOI and relayed to the crew 

as a maneuver pair. We do not intend to update the spacecraft state 

vectors between DOI and Phasing from the MCC-H. However, a period of 

rendezvous tracking and navigation has been tentatively echeduled for 

about 30 mimutes during that period. 

lh, ‘The CSM will be targeted and counting down to make the first 

maneuver of a Honmann transfer to a 20 nom. circular orbit if the LM 

yecomes inactive at phasing. The command module will also be prepared 

to execute a mirror imige type maneuver when the LM executes the Insertion 

burn which starts its duplication of the lunar landing mission reniezvous. 

5. Targeting for the Insertion maneuver will be updated in real time 

from the MCC-H, designed to achieve a 15 n.m, differential attitude 

during rendezvous, There is some question, however, if thie targeting 

is to be based on MSFN tracking or on state vectors as determined onboard 

by rendezvous navigation during the phasing orbit, 

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



    

6. We vere not able to conclude mich vith regard to AGS operation 
aince it ls not clear what computer prograp will be available for the 
PF micaion. We hope to know what its capability will be about November 15, 
Of course, ve are nesuming that the primry guidance syatema will be using 
COLOSSUS II and LUMINARY. 

T. Just ne te planned for the G mission, we intend for the MCC-H 
to relay the o” -tare -ector obtained hy teleswtry following the Insertion 
mineuver back to +: COM. Thie will te follewed by REFSMMAT alignments 
by both apeewernfe, 

8. The CSM will une Ite Plo sertea remtezrour ‘arerting programs both 
for its own mirror imum tarertine and for relay to the LM. In order for 
the IM to compare nciutiona, it will be neceresary to inclue certain bias 
on the mancuvero an determine | preeflic¢ht due to the errors induced by 
uring P30's rather than the Pro'a and alas beeaure of the one minute time 
delay In TIG (for example, st 1.5 fpa, bine te required on COI). It te 
tntented that the CAM backup COT, CDH, ant TRI ucing the BPS, Incidentally, 
ft le intemted to use LM +X RCS for CSI and #2 RCS for CDH and TPT. 

9, An planned for G, we are inbeling the CSM smnecuver tarreting e8 
the "yal atick” for {M maneuver verifleation In real time. Thla is @ 
taned on our belief that it ta ponatble tn intepentontly verify ONCS 
performince in real time e romething we can't do with the LM PONCS, 

lo. We had our usual discusston reeariing tolerable TPT time altp. 
It appears that with VHF rancine, the TPL winlow is quite large » perhaps 
+15 minutes or ro. If thin is the cage, we sheuld have very little 
Problem, FCOD tne aceapted the tack of determining Jurt what the window 
in and of defining preeinely the optimum loention of TPT, MPAD will 
determine the anticipated three stem TRE rlip., The point that renlly 
counts thouch ie that owe should neves have te abanion the TPL elevation 
angie option in favor of the time option ant wo are to carry out our plane 
ning brsed on that assumption. Inctdentally, there ts complete agreement 
that weomict use two elevation anrles for TFPI. One for approach from above, 
the other from below Juat as wae planned for q, 

Vi. There my be som problem annoetated with recomiing IM low bit 
telemetry tn the common! module on the back alde of the moon tf someone 
really wanted to do that. It apparently confliete with atmultaneoun Vit 
rancing which we consider minintory. Whoever wante this date will have 
to look for rome other subetitute for s LM tape recorder, it seemed to us, 

Ls Our next meeting will te inn month or oo. We'll firm up the 
tracking sehedule ant will Lint the oquipment we feel required to conuinue 

 



  

at ench milestone in this exercise at that time. Something else we'll try 

to get squared awny by then fe all the "mickey mouse” required to pet 

landing radar data nt the came time we are doing the Phasing burn! And, 

we need to pin down the burn mont ter’ nv procedures te the Thasing and 

Insertion mancuvern, 

  

“Yi ow) 
Mhenrd W. Tindall, Jr. 

Enclosurr 

PAtHWTindall, Jrot.jn 
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MIT ACTION ITEMS FOR F RENDEZVOUS 

(November 17, 1968) 

Ie the Target’ AV going to te or has it been changed from a 
routine (R32) to a program (e.r., P76) in LUMINARY? If not, why 

not? 

What program sequence choices have ve for getting landing radar 

data on the downlink just before the Phasing burnt 

What program sequence should be ured for the APS Ineertion burn 
preceeded by DIO atagine to Ineure proper RCS attitude control by 

the DAP? 

What in the cont of nlipping TPIT execution tn COLOSSUS without 
updating TIG? 

Enclosure 1 

   



  

  

Memorandum 
> See list attached - DATR: November 15, 1968 

6B-PA-T-251A 
PA/Chief, Apollo Data Pricrity Coordination 

supject: ¢' Lunar Orbit - Navigation and Block Data , . 

On Thursday, November 7, we gathered with the C' Flight Crew end everyone 
else who van interested in the lunar orbit operations on that flight. At 

this meting we cleaned up a lot of looee ends primarily dealing with the - 

lunar orbit navigation and with tlock data, This memo is to report the 

new things accomplished at that time. 

Landing Site Lighting Evaluation 

As you recall, one pass over the peeudo-landing site prior to mrking with 

the optics will be mde to permit the crew to evaluate lighting. The spacee 

craft will be orlented with @ flve degree pitch up attitude and will be 

torqued at orbit rate, The optics will be fixed at rero. The MOC-H will 

compute and inform the crew of the time at which the optics croashairs 

will be viewing the lunar surface location experiencing a 10 degree eun 

elevation angle. ‘The crew will use this time primarily as a check point 

to key in their verbal description of what they are actually locking at. 

Although, it had been proposed as an option that the crew would mark on 

the peeudo-landing site if it became visible, we dropped thie option in 

favor of continuing the lighting evaluation beyond tne terminator and into 

the region of earth lit lunar surface. It was emphasized that if any 

difficulty were experienced in finding the control points, forget'em and 

press on since a continuous evaluation of lighting conditions as the sun 

angle varies ia the important thing on this pass. 

landmark Sightings 

The only information the crew desired of MCC-H associated with the lanie 

mark sighting exercise is the GET of closest approech to the initial 

point (IP). This time will be relayed to the crew for every pase by the 

pseudo-lamiing site, but only for the first approach to the other three . 

control landmarks on the beck of the moon. 

In order to avold excessive shaft angle rates during the observational 

pasa, the crew will roll the spacecraft to insure that the trunnion angie 

never gets lees than 10 degrees. (This value is MIT's recommended minimum.) 

fhe P22 initialization value of the Wemtrix shall be 0, 0, 10,000 meters 

which will prevent the state vectors from being updated, but will permit 

Bay U.S. Savings Bends Regularly on the Payroll Savings Plan 
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onboard determination of the landmark location. It should de noted, howe 
ever, that the updated location of the landmarks are not atored and each 

time the spacecraft comes over a landmark of interest it is necessary for 

the crew to key in the values of latitude, half-longitude, and altitude 

prior to the pass if auto optics are to be used. This obviously means that 

it is necessary for the crew to record these values following each pass. 

Since the pseudo-landing site is being chosen specifically to provide the 

proper lighting conditions during the tracking exercise, it ia necessary 

to have a bunch of pscudo-landing sites to cover the entire C' mission 

launch window. In fact, four hnve been selected for each laufich day. 
The nominal is included in the pre-launch E-memory load. However, if the 

launch occurs at any other time, it will often be necessary for the MCC-H 

to uplink the proper pseudo-landing eite at some convenient time during 

tranolunar coast. It was recommended to the crew that for the preudo- 

landing site they do not use the onboard determined location on successive 

passes but rather always use the "01" option to operate with the old stored 

values, 

In order to ineure that all of the data is properly stored on the tape 

recorder, the crew has been requested to delay proceeding from the AR, e 
AY display for at least one minute. This applies not only to back 

side observations but also to the pseudo-landing site where the data will 

be coming to the ground on low-bit rate via the omnis. 

State Vector tes 

While in lunar orbit, state vectors will be transmitted once per revolu- 

tion via the command program (P27) except no atate vector updating will be 
done from the ground during the revolutionn immediately following each of 

the two LOI burns. To be consistant with the rest of the mission, it was 

decided to update CSM state vectora only into the LM slots of computer 

memory. The only exception is immediately prior to a muneuver at which 

time both LM and CSM slots will be loaded - LM slots first. 

Block Data 

Attached to thia memo in a list of the block data updates to be supplied 

associated with lumi orbit. As you will note, two mneuvers are supplied 

to get ont of lunar orbit prior to LOI, and during each of the first three 

revolutions. Thereufter only one TEI mineuver per revolution is relayed 

to the spacecraft. 

Regarding the TEI burns, which all take place with approximately the same 
enrthemoon geometry and approximately the samo targeting objective, the 
quention arlaes an to how mich the TEI AV componente vary from one revo~ 
lution to the next. Some of us simple-minded cate have a feeling that e@ 

 



             
        

      

   

given a few TEI maneuvers you could probably extrwpolate and get a pretty 
good maneuver to breakout of lunar orbit if it were necessary, We will get 
the answer to this question but it will only be for background knowledge, 
not to change the operational procedures ve have established. 

joward WV, ed Nude Jr. 

Enclosure 

PAtHWTindall, Jr.:js 

           



    

TEI BLOCK DATA ASSOCIATED WITH LUMAR ORBIT 

Pre-LOTy ‘ 

a. TSI, assuming LOT) 

db. TEIp assuming LOT, 

Rev 1 

a. TEI, updated based on GNCS 

db. TEIp updated based on cNcS 

Rev 2 

&. TEI, assuming or, 

de TEI, assuming no LOI. 

Rey 3 

a. Tel, updated based on ONCS 

Dd. TET, based on GNCS 

Rey h—=§ Rev 10 

TEI mm TET) 

Definition 

TEI, "2" means end of Rev 2 

Enclosure 1  
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: November 14, 1963 

68~PA-T«28 9A, 
Pa/Chief, Apollo Data Priority Coordination 

C* Mission Techniques clean up - Transluner and Transearth 

On November 8 we went over the Translunar and Transearth phases of the 
C' Mission Techniques - pretty well cleaning all this up, I think. The 
following paragraphs describe the more significant decinions and agree- 
ments reached. They deal with block data, onboard navigation, and return. 
toeearth with no communications. 

1. Bleck Data. , 

There had been considerable concern over the translunar block 
date targeting. As you recall, the maneuvers were designed to tring 
the spacecraft directly back to earth, often requring a very large SPS 
maneuver. Block data for this type of maneuver will still be transmitted 
to the crew. However, it will ordinarily be used as the secondary mode, 
to be executed only if a minimum time return is essential due to space- 

craft systems problems. The primary mode during the period from MCC, plus 
three hours until LOI mimus eight hours will be a lunar flyby. The flyby 
Maneuver would always be executed at LOI mimis eight hours (instead of 
the last translunar miicourse correction). It will be targeted to ratece 
pericynthion to between 200 to 1500 n.m. and to result in a CLA landing. 
In summry, for each block data maneuver time, there will be two maneuvers 
transmitted to the crewe the old direct return and the new flyby mode, 

There haa deen some confusion regarding the post-pericynthion 
block data mineuver transmitted for use after the LOI minue eight hour 
midcourse correction if something precludes going into lunar orbit, At 
this meeting we specified that this maneuver will be targeted for the 
fastest poreible return-to-earth provided an SP8 burn in required. However, 
if the present free return tra jeckary already provides « water Tanding or 
an RCS maneuver in adequate to do so, we do not recommend making an SFG 
burn just to get to a CLA using a dlock data maneuver, 

2. Onboara Navigation 

It appears there is no disadvantage to moving the first set of 
star/earth horizon observations earlier and to do so will significantly 
improve their quality, Accordingly, the flight plan guys of FOSD vere 
requested to change the flight plan to include this activity immediately 
after the CSM/s-IVB separation burn - about two hours earlier than before, 
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As you recall, the first batch of sightings are used to determine 
the best value of borizon altitude as actually observed by the crew to be 
used in the CMC. This will be updated via the uplink program (P27), provided the update value differr from the pre-launch value by more than 8500 meters. 

It is intended to update the onboard state vector utilizing the 
sextant observations. The CMP has been instructed to accept the update 
provided the AR does not exceed 50 nm. and the AV does not exceed 50 fpn 
during the first time a particular observation is procenned, Fxeeeding 
either of these limits indicetes that something my be wrong with the 
observation and serves as a wrning that it should be carefully redone, 
The second time the same observation ts Odtained, it should be necepted 
regardless of the Ar and Av based on the assumption that the CMP hos 
certainly done right this time and the state vector is truly that mich in 
error.. - 

“The spacecraft calibration limit has been changed from .006 to 
003. 

A momentous decision was finally reached, namely thit the MSFN 
state vector chall be used for all mneuvers. Since it fn uplinked into 
the Lm slots in the CMC memory, it will be necessary for the crew to trunsfer 
it (UNZAP) into the CSM slots and after the maneuver to restore the updatcd 
CSM etate vector into the LM slots (ZAP). 

There shall be a new "go/no go" decision point regarding uce of 
MSFN versus onboard navigation. It is currently estimted that nt entry 
interface minus 15 hours, use of the MSFN state vector is preferable to 
onboard navigation for the final midcourse correction and entry initializa. 
tion. Accordingly, at that time the MCC-H will update the CMC state vector 
and will provide an EI minus two hour midcourse mneuver targeting load. 
In addition, they will inform the crew that thie data load ir good enough 
to complete the mission without further onboard Navigation and the crew 
should discontinue sextant observations. If this cannot be done by that 
time, the crew should obtain the following sete of data to mintain the 
onboard capability until the ground determined values are considered 
acceptable. 

FI minus eight hourn - six star/earth horizon observationa 

FI mimes four hours -~ six star/enrth hortzon obcervn tions 

EI minus two hours - four star/enrth horizon obrervatdona (obtained immediately after the final midcourse correction), 

3. Return-to-Mmrth - No Communicntion 

It has been established, of course, thot the errw will use the 
return-to-earth program (P37) to compute minimum Av midcourse correction 
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maneuvers for corridor control only. Based on the output of this prorrnm, 
we are able to do two additional things. One is to determine the tlme 
the spacecraft will reach 400,000 feet which is required as an input to 
the IMJ alignment program to get a "nominal" IMJ orientation for entry, 
The other information from P37 is a precision prediction of the landing 
point. However, in order to target for a short Tange entry, it 1s necessary 
to bias the P37 values of predicted latitude and longitude prior to inputting 
them into the entry program (P61), These biases, which are a function of 
predicted inertial velocity at the entry interface, will be obtained by the 
crew froma chart. They will be chosen to provide an entry range of 1350 
nom 

In order to insure capture during the initial part of entry the 
opacecraft will be oriented lirt vector down until 1.5 @ has been achieved, 
(Note: This Is exactly opposite to the normal technique with communication, ) 
At that time, if the G&N has checked out, the crew will switch to auto OCMC 
mode and continue a guided entry using their standard monitor(ny, procedurer, 

In order to permit the crew to ure the planets in plnen of otarn 
during alignment of the IMJ, it will be Necessary to know thelr unit 
vectors. Accordingly, it is our Intention to inelude thin informtion 
as part of the crew data package specifically for ench launch opportuni ty, 

Ma 
loward W. Tindall, Jr, 

PA:HWTindall, Jr.:js 

 



  

‘Memorandum 
See list attached DATE: Novenber 12, 1968. 

68-PA-To2b BA 

rey 

Pa/Chief, Apollo Date Priority Coordination 

D Maneuver Monitoring Mission Techniques 

On November 4 we had our first-and-last D Maveuver Monitoring Mission 
Techniques meeting. In addition to all interested MSC organizations, it 
was attended by MIT, NR, TRW, and GAEC. We «pent the day going through 
all of the SPS maneuvers both docked and unlocked, except for those 
associated with the rendezvous and the docled 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 fligut controllers intend 
to use these techniques in the forthcoming simulations and changes will 
only be considered to those which simlations show to be unacceptable. 

1 : Following 19 a list of final agreements which apply to al SPS maneuvers 

1. It is intended to use the onboard computed weight and 8FS trim 
gimbal angles stored from the previous burn in the DAP, unlese they differ 
from the MCC-H ground values by more than 10 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 18 intended to use the onboard computed 
REFSMMAT for all maneuvers as determined by using the "preferred" alignment 
option. The MCC-H will -ompute and compare REFSMMAT with the onboerd 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. 

7, It was concluded that the check of onboard computed apogee and 
perigee heighta (ha and hp) is unnecessary and will be dropped from the 
procedures, In addition, these values will be dropped from the maneuver 
PAD message. 

4k, Prior to each mneuver, the crew shall make a maneuver attitude 
check using a sextant star. The shaft and trunnion angles of the star 
mint agree with the PAD values to within five degrees or the burn is no 
eo, If the crew is unable to see any stars, that check will be dropped 
for that burn. 
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5. In place of the previously proposed Pu0 VO test, we are substitu. 
ting a check on the AVp. This parameter mist agree with the PAD value to 
within 10 fps, : . 

6. Another CMC pre-burn check is through use of the Ground Track 
Determination program (P21). The crew will check latitude, longitude, 
and altitude against the PAD values to determine that they are within 
limita in order to give a G&N go. The limits are .02 degree end .2 nom. 
respectively. 

7. An attitude excursion limit of 10 degraes has been established for 
all SPS burns, Five degrees a second is the attitude rate limit. If the 
crew ascertains that either of these limite have been exceeded as indicated 
by two independent deta sources (primarily the BMAGS and visible cues), 
they will takeover using 8CS MIVC tu damp rates and will ahutdown the engine. 
An exception to this is that during the initial start transient, an attitude 

excursion beyond 10 degrees will be considered acceptable if, in the crew's 
judgment, it ie truly due to the start transient and GNCS control of the 
spacecraft is still acceptable. (G&CD has the action item of approving this 
MIVC 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 E68 Av counter will not be used as part of the crew monitoring 
procedure to avoid overburn. That is, for purposes or simplicity it was 
decided to beckup the GNCS engine cutoff based on burn duration only. The 
procedure is for the crew to manually shutdown the engine if the GNCS has 
not done ao within five seconds of the nominal burn time ior docked SPS 
burna and within one second of the nominal burn time for undocked SF8 burns. 
The nominal burn time is included on the maneuver PAD for each burn. 

9. Although the EMS 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 theAV counter that value 
(Ave) 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. 

10. xcept for retrofire, the crew will not trim any Ay residuals 
following any 6P6 maneuver. 

11. 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 aa we 
40 as part of our TLI go/no go procedure on the C' mission, ‘The procedure 
involves comparing the performance of the epacecraft GNCS with tho BIVB IU



  

during the launch phase, If the déiffererces do not exceed certain pree 

established limite (which incidentally arv the same as - C') no further 

special checks are required to declare the GNOS go for SPB). If the 

limits are exceeded, the crew vill perform an additional platform aligne 

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 leas than .6 degree/hour since the fine alignment 

while docked to the BIVB, the GNCS is declared go for the burn. Incidentally, 

the GDC is also chacked during the same period. Its no go limit is 10 

degrees/nour 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 screwe 

ing up procedurally. Prior to the maneuver, the following steps are taken! 

1, The LGC E-memory will be dumped to the grouml and checked by MCCeH. 

If any of the critical E-memory values are in error, they mst be updated 

prior to the burn. 

2, MOC-H will compute and relay to both spacecraft that REFSMMAT which 

4a consistant with the IM x-axis aligned along the velocity to be gained 

by the maneuver and the y-axis shall be horizontal. Both spacecraft will 

utilize the same REFSMMAT. 

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 som 

question as to how the CSM will monitor the maneuver. One proposal is to 

call up the SPS thrust program (P40), which would be operated Just as 

though it was controlling the maneuver, However, we're not sure how it 

will perform when the AV targeted and achieved is in the negative x 

direction, MIT was asked to advise ua on this mtter..) 

kh, ‘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, Poth epacecraft will perform burn attitude checks, the conma nd 

module untng a sextant atar and the LM uaing an AOT star while the LM 

controls attitude during the last darkness period prior to the burn. Five 

degrees has been ontablished 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 veotor 

through the e.g. taking intn account sngine mount compliance at ho percent 

thruat, 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 unt’l they are within a 0.1 

degree of the desired values.



T. The AGB 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 teking over with the AGS, 

8. We established an attitude limit of 10 degrees and an attitude rate limit of five degrees per second. However, this maneuver is likely to 
include aome pretty wild attitude excursions » particularly as the thrust level is varied, which could easily exceed those limits, During these transient periods, it mat be left to the crew's judgment whether a diver- gent situation is occurring or not. We did ec: «blish that a 45 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 mlfunction occurs requiring premature burn termination with excessive attitude rates, they will be damped using the LM y and zeaxis RCS translation Jota, 

As noted previously, 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 Noverber 28, at which time any apectal procedures for those muneuvers will be identified, @ agreed to, and documented. 

fe Ww. dN Jr. 
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UNITED STATES GOVERNMENT 

Memorandum 

Jeo
n 

Bee list attached eed Bata: Noveuver 7, 1968 . 
68-PA-T.2KTA -- . 

Pa/Chief, Apollo Data Priority Coordination 

C Prime Maneuver Monitoring Mission Techniques into cement 

On November 2 we went over the C’ Maneuver Monitoring Mission Techni:jues 
for the last time - that ie, we all hope and expect it's "final." Although, 
the detailed procedures will be documented elsewhere, I would like to 
describe the new things we established at this meeting. They deal primrily 
with overburn protection by manual takeover procedures although we did 
simplify the attitude monitoring a little too. 

TUL 
The erew will backup the SIVB IU engine cutoff eignal based on burn time 
and GNCS DGKY readout only. The EM is not involved. ‘The procedure is 
for the crew to take no action until efter the nominal burn time plu: 
10 seconde. At that time, they will shut down the BIVB as soon as tie 
Tnertial velocity (Vz) displayed on the DSKY reaches the nominal targetted 
value. This parameter is relayed to the crew while in earth parking orbit, 
(Although, the procedure has been fixed as described here, there is come 
consideration being given to reduce the turn time dias from 10 seconds to 
comething ae emall ae five seconde. We will change thie number within a 
week if we are going to do it at all.) 

This technique was chosen for simplicity and to give the geatest possible 
chance for the SIVB IU to do ite Job. Of course, it could result in an 
overburn of as mich as 500 fps if everything were nominal uxcept the IU 
cutoff signal failed. But, this in itself ia not an unsafe condition. 

wi 

The crev is to backup the GNCS cutoff signal vy use of burn time only. For 
simplicity's sake we decided not to do "voting" with the ES AV counter. 
The procedure will be for the crew to mnually shutdown the SFB if it is 
nttil running six seconde after the nominal burn time, which te relaved te 
the crew as part of the maneuver pad. This procedure fs also felt to be 
safest cince that it will assuuredly preclude an overburn, which ie the 
ereatest hazard. With the two-stage LOL, premature mamal shutdown of a good 

GNCS is extremely unlikely. * 
* 

Bay 21.5. Savings Bonds Regulerly on the Payrell Savings Plan 

 



WI uses the sane procedure except the crew Deckup occurs at the nominal 

burn time plus one second. Again the IMB is not in this dccleion lec. 

It should be noted that on all SPS burns (not just LOI) the PMB ts 

inttialtaed to shutdewn the SPS engine at the nominel cutoff velocity 

in the event of an SCS takeover. If the crew were to switch to the 508 

during LOT] burn, they will mamally backup the Av counter nutomatic 

cutoff using the burn duration criteria exactly ae noted here for tle 

GNCS burn. If they awitch to SCS on the LOI, burn, the burn will &- 

terminated as soon as the attitude rates have been damped. 

Incidentally, it was decided not to trim Av residuale of either 101 
burn in the C' mission. 

TEI 
TET and other large SPS burns such es return-to-earth maneuvers eu 

aborts include the EMS in the mmisl cutoff monitoring. Bpec2fically, 

for TEI the crew will manually shutdown the SPS if the EMS AV counter 

reads less than minus 40 fps ard the turn time fe greater than nominal 

plus three seconds, In this case, you can see we are looking for two 

cues before we manually shutdown the engine, since like TLI, our desire 

io to give the primary guidance system every opportunity to do ite ob. 

evs Aw counter and burn time biases for the other SP8 burns will have 

to be determined by MCC-H ard voiced to the erew in real time as part 

of the mineuver pad data. 

As usunl, the EMS AAV counter will be set to cutoff the 575 at the 
nominnl cutoff velocity if the crew switches to the SCS. 

There wae a lenthy diecuseton about the pre-L0l, burn attitude checr. 

It was concluded thut a successful sextant-star attitude check ie 

mandatory to atart LO]. That is, if the ster cannot be seen or if it 

ts not within the established acceptable limite (0.9°) the burn is no 

go. The crew is also anxious to have a horizon burn attitude check 

simiinr to retrofire on an earth orbital flight and MPAD ic looking 

Into that. The MCC-H ie able to compute the location of the horizon 

referenced to the window markings, provided it is visible to the ercw, 

We established a tolerance of + five degrees as the acceptable bound 

within which the horizon mst be, if visible, in order for the LOI to 
be vo.  



Probably the longest and most emotional aiecussion of the day involved whether the LOI, burn should be continued or shutdown prematurely in the event of a spacecraft systems Problem. As I understood it, we finally concluded that if the problem is guidance eystem oriented nnd the crew {re able to tike over on the 8CS with good spacecraft control, they will continue the burn to completion. In the event of other epicceraft syotem malfunctions such as the SPS ~ or something else I'm not qualified to talk about - the crew my choose to shutdown ae noon as po:nible, In that horrible aituntion, 1t was agreed that the beot cours: of action is to mke an SPS abort mncuver fifteen minutes later using un onboard chart for mancuver targeting, but I eu. pect thore ara numerous circum. stances when the crew would change tai’ deefeion in real time and await renewal of communications and tracking by the earth to obtnin advice and maneuver targeting from that rource. ‘This brief paragraph fails by far to give the rationale for this decision or to even define precisely what it to. I included it here primarily to call your attention to this matter so that you can check into it further if you are interested, 

We reconfirmed the TLI attitude excuraton limits to be 45 degrees, however, in order to ease the task of crew Monitoring, we will probably modify this to be constant FIAI angles equivalent to the 45 degrees attitude excursion at the end of the burn. That is, mike the limits constant throughout the burn rather then variable through the burn an a function of the attitude profile. MPAD is to make sure there is nothing wrony with that. The attitude excursion limit for all SPs mincuvers hos been set to be 10 degrees throughout the burn. Thie is n slipht chanre from the previous Proposal which included uo 15 degree Limit during the first 100 seconds to be tolerant of initin] attitude tronslentc, We now propose substituting crew Judgment. That ia, the crew will not take over even though the attitude excursion exceeds 10 degrees, If [t te clear that thnt excursion ta due to a SPE ctart trenstioent, 

Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:je 
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UNITED STATES GOVERNMENT 

Memorandum 
) : Bee liat attached DATE: November 5, 1968 

68~PA-T-262A 

10M =: PA/Chief, Ap>llo Date Priority Coord: ration 

sujecT: C* earth parking orbit duration is a variable 

5 

is note is Just to roxe sure everyone £ 

ficant variation 

translunar injection (TL) on tne Cf mise 

azimuth of lwuncn, This cam: as a surpri-e vO me 

{mpaet on what you are doing. 

NOL to WLI iemition le < hours und & 

December 20 launca wind 

the end. On the last day or th. Jauach w.rdow, December of, 

period starts atc hours ana minutes 

the winaow to 2 hours and Tmin.tes. ALL tose 

are for the first Tir opportunl ye 

cimilation with the shorter durition east 

' sure everytaing goes tozether pro 

> and shortened crew timelinu my give com trouble if it hi 

thought out in advance. 
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Howard W. catdall, dre 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: Novenber 4, 1908 

68a PAaTeA 

  

Pa/Chief, Apollo Data Priority Coordination 

  

when is the rendezvous radar designate routine (R29) needed? 

George Cherry (MIT) aaxed if it is possible to drop the rendezvour 

radar designate routine (R29) out of the descent atort program: (P70 
and P71). He gave me che impreciion that to do so now would pignifie 

cantly reduce their wouk and permit concentration in teating in more 

profitable areas. I don't know when the next Software Board reeting 

ia « soon I hope. Perhaps this woulc be a suitable subject to bring 

up at that time. 

Howard W. Tindall, Jr, 

PA:HWTindall, Jr.sjs 

  Buy U.S. Savings Bonds Resalarly on the Payroll Savings Plan
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~ Memorandum 
To : TO WHOM IT MAY CONCERN DATE; November 1, 1968 

68-FM-T=240 
From; FM/Deputy Chief, Mission Planning and 

Analysis Division 

sumject; ALEXANDER'S RenteAeCar, Inc, 

This is an unyelictted evaluation of ALEXANDER's rental car service nbicited eval 

  

at Boston. The errvter there people have provided has been so mich 

bettor than that which we previourly tad that I'm prompted to write 

this note. ‘The people are consirtently friendly, helpful, and prompt 

about plek up and delivering to the terminals. And the cars have heen 

dunt great < often brand new. . der Tlep 
Howard W. Tindall, J¥. 

FM:HWTindall, Jr.:je 

Buy US Savings Bonds Regularly on the Payroll Savings Plan
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@ UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: October 25, 1968 

. 68-PA-T=238A 

3 

rrom : PA/Chief, Apollo Data Priority Coordination 

SUBJECT: Descent Aborts - Part IT 

This memo is to carry on from that three pree snowflake I sent you the 
other day ot thé anme subject. It turna out we have encountered one 
of those rare situacions when in doing something to fix an undestreable 
situation we actunlly tmprove something elaa at the same time. Spect. 
fieally, the rendezvous people want to tarpet the LM to a substantially 
higher orbit following an early descent abort than they had previously 
proposed. This mker the horizontal poritgrade burn following the descent 
abort larger, of course, and alleviates that crazy pitch profile problem 

which ured to exist during an abort in the firet 50 seconds of powered 
descent. The point is that by rome fairly minor changes in the mpace- 
craft commter program (LUMIMAPY), we can probably eliminate the special 
abort procedure we used to think was necessary early in descent. Changes 

oe to the DPS abort procram (P70) are essentially juct changes in some 
ernsible constants. ‘This does not impact coding but has a sigrificant 
impact on testing. By that, I mean the program will work now. The APS 

program change noted in last veek's memo is still required but is essentially 

achieved by a eragible constant change too. This will all be firmed up and 
vrought to the Software Configuration Control Board in the near fiture for 
their approval or something. 

Having the early abort situation under contril, we pressed on to another 

phase of descent aborts requiring some attention - rpecifienlls, how to 
handle the situation when the DPS is mot quite capable of getting the iM 

all the way back into the desired insertion orbit. In orde: tc establish 
procedures, it was necessary to mke some assumptions. They are: 

1. We never want to "Abort Stage” and use the APS, if the DPS is 
atill operational. 

2. It is acceptable to operate the DPS to propellant depletion. * 

3. We have no desire to use tly APS engine npmin after nchteving orb!t 
{that in, during rendezvous), Of course, we intend to use the APS propellant 
through the RCS interconnect. 

  

* This assumption mst be verified by ASPO and then included in their 
dnta bonks, 

Ray U.S. Savings Bonds Regulary on the Payroll Savings Plan 
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b. The "Abort Monitor” in LUMINARY remins active following a DPS 
propellant depletion cutoff, which my result in a AV monitor alarm, even 

though the crew calls up the AV residuals.# 

If we can mke the above assumptions, the procedures become quite simple 
and stendard. Namely, whenever aborting on DPS, the crew will permit that 
engine to operate at full thrust until either 9 guided cutoff 13 acheived 

or propellant depletion occurs. At that time, the crew will "proceed™ to 
the DSKY display of AV residuals. If the AV remining to be onined in 
leas than 20 fps, the DPS will be manually rtaged and the crew will utilice 
the RCS to achieve the desired insertion condition by nulling tue AV residuals. 
(It {e probable that only the horizontal component need be trimned {fin 
convenient attitude reference te aynilable, The FAT eleht ball erhould 
be good for this.) If the Av to te mined is in excess of 3C fps, the 

crew will hit “Aport Stage,” automtically jettinoning the DPS ind Lirhting 
off the APS to mke up the AV defictency. Again, only the horizontalAy 
residual need be trimmed. 

It is te be noted that with the new, hich sporee we will be tareetine for, 

the RCS/APS switchover point ts orbital by a eubetantial mretn (apopee 

In excess of 75 miles) and so there ic no problem in the use of an RCS 
burn whose duration is less than 3° seconds. It is also to he noted that 

ig the Av required of the APS is less than 100 fpr, the burn duration will 
be less than 10 seconis, which probably mikes it unsafe to reignite the 

APS. There is so much rystery with what ic and what is not acceptable vith 

the APS we cannot really be sure about that. However, it does not mtter 
since there fs no problem anticipnted in performing the rert of the monruverr 

with RCS. 

Orne final comment - {tt has been proposed thant the DIS be opernted nt half 

thrust dur(ne aborts to prevent. lofting when the AIM {5 required to achieve 

orbit. Tyo miles peric¢ee and four miles apogee are the maximum effectn, 
Those do not significantly perturb the abort rendezvous and therefore the 
decieion was to mintain full thrust. 

  

4 This areumption mist be verified by me with MIT. 

Man, 
. Howard W. Tindall, dr. 

TAWTindall, Jro:js 
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UNITED STATES GOVERNMENT 

Memorandum 
: See List attached DATE; October 25, 1968 

68-PA-T-237A 

PA/Chief, Apollo Data Priority Coordination 

X-axis or z-axis for LM TPI? 

This memo is in response to a question that came up at the October Pl 
D Rendezvous Mission Techniques meeting, The question was: What in the 
additional LM RCS propellant cost if we use the z-axis RCS translation 
rather than the x-axis for TPI? Chuck Pace checked with the MPAD 
Consumable people who figured the x-axis would cost about 15 lbs. (taking 
into account the required attitude changes and use of th2 APS interconnect) 
and the z-axis will use at least 31 lbs, of RCS propellant (assuming the 
best CG location). These mumbern are based on current spscecraft data 

book informtion. They intend to verify them through use of a 6D simila- 
tion program in the near future and will document the results. 

In the meantime, we can probably use these estimates to decide which to 
use - x-axis which costs less RCS or z-axis which avoids breaking radar 

Howard W, Tindall, Jr. 

PA:HWTindall, Jr.:g6 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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UNITED STATES GOVERNMENT 

Memorandum 
: See list attached DATE: October 25, 1968 

6d-PA-T-236A 

: PA/Chief, Apollo Data Priority Coordination 

sunyect: CSI and CDH back into the AGS + mybe 

  

Apparently the TRW AGS people have done a food job of putting “he new 
rendezvous radar navigation filter into that dinky computer. In fact, 
they now estimate a surplus of some 80 worda, 

One of our brilliant yeune engineers here in MPAD - Ed Lineber-y - han 
developed a simple technique for computing the CDI an. CDH ren lezvous 
maneuvers provided the CSM orbit is near circular as it should be on 
the G mission (reference MPAD memo, S2-¥M61-318, dated October 15, 1068, 
subject: Linearized solution for CSI and CDK for a mitiple-hilf-orbital- 
period transfer between maneuvers! ). In fact, he expects that it could 
be fit into the aforementioned 60 words. He and Milt Contella have alrendy 
discussed this with the TRW people who are looking it all over. If things 
ro well, he expects they will come to the Software Configuration Control 
Board with the proposal to include {* in some future ACS progrium and we 
can decided at that time if that is the best way to use our li7tle 80 word 
Christmas present. 

I wrote this because that idiot Ed Lineberry is too darn modes* to tell 
anybody and I thought you might find it interesting. 

oN 
Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:js 

Buy U.S, Savin,s Bonds Reg. srly an the Payrot. Savings Plan
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yaom: Pa/Chief, Apolio Date Priority Coordination 

SUBJECT: Some more C' Larer Orbit Mission Techriques. 

   At our October 14 C’ Lans> Orbdit Mission Techniques meeting we settled on @ few things I would like to tell you about. Along with the Ter | dlock data to be sent up each revolution in Tuner orbit, ve are also : going to update the spacecraft state vector is the CMC every revolution. 

      

   

    
    

      

    

   
    

  

     

     

    

   
    

  

   

  We discussed the use of the tare recorder if the high-gain antenna does @ not work. In this event, you recall, it is not poe ties to dimp the . pe at lunar distances. The question to te answered is: What data - should be recorded on the tape to te brought back by the spacecrart ., Out of lunar orbit? Surely bigh-bit recording of the SPS burns « Lor ee and TEI - must be included and will use about half of the tape (15 . mimtes at high-bit rate). Recording of landmrk tracking on the back side of the moon ahould have a bigh priority to be included and will take very litvle tape. The technique will be for the crew to obtain all of the sightings on a given landmark, which the CMC will temporarily store in memory. After completion of taking that set of observations the recorder is turned or for approximtely 20 seconds at lov-bit rate to collect and save that dat~. Since we are making eight sets of observa- tions on the back of the moon, ve are only using 160 seconds vorth or tape, that is, about 2+ mimtes out of the remaining one-half hour at lowebit rate. 

What else should be recorded is en open question and pecple with requires ments should come forward soon a: identify themselves so the procedures . . Ve a _ can be worked out for the "no high-gain antenna” situation. Of course, ~~ : if the high gain is working, com imous recording on the back vide of the- woon should be standard practice: Popa nn a 
— 7 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: October 25, 1968 

68-PA=-T-P3HA 

PA/Chief, Apollo Data Priority Coordination 

Ct Contingency Review 

We went through the draft of the C' Contingency Mission Techniques document 

on October 22, and I mot say I was impressed with its guality, It seemed 

to me the Flight Analysis Branch, the Apollo Abort Working Group, and TRW 
had done a good job of putting thie together, The final version will be 

diatributed within the next week or so. 

One item that came up needed resolution deals with the block data moneuvers 
that is, those abort maneuvers which the MCC-H periodically sends to the 
spacecraft to be used in the event of a subsequent complete communication 

failure, It 1s nevesasnary to azree on the targeting objectiven of these 

maneuvers. Firet of all, let me emphasize that the free return trajectory 

that we adhere to on the way to the moon does not necessarily provide a 

water landing and aLnct assuredly doee not provide a landin; near the 

primary recovery forces. All it does it to mke sure thnt the spacecraft 

can get back to earth with minimim AV in the event of an SPs failure. The 
question to be answered is: Should the block data mineuvers merely be 

designed to provide a water landing or should they also meet the additional 
eunstraint of landing in the planned recovery area - that is, tar eted to 
the CLA? We had been assuming that they would aim for the CIA, nlthourch, 
this may require maneuvers of as mich as 1200 fps. Some people were quere 

tioniay whethor it would he better to avoid making a maneuver any lareer 

than is n »4eary to insure a water landing regardless of where it miyht 

occur. Bar.cally, it is a tradeoff between a maneuver (of up to 170C fpr) 
to get where we really want to go versus a omaller maneuver (up to 059 fpe) 
to provide a safe landing somewhere. Of course, there is aiso the question 
during the translunar coast of when to target the maneuver for a direct 

return which costes a lot of Av (up to 7,000 fpr) as oppored to roins 
around the moon, which is much chenper. There things are really mission 

rules witch mat be en ablished hefure the fligh.. They eppnrently aren't 
nereed to yet. At lea.t I don't know thr rule, 

eo 

»{ 
Howard W. Tindall, Jr. 

PASHWT nisbl, Jriiis 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: October 22, 1965 

6A=PA=T-229K 
Pa/Chief, Apollo Data Priority Coord inition 

C' Spacecraft Navigation Mission Techniques 

It appears we have completed baste developarcn® of C' Spacecraft Navipntion 
Miesion Techniques both for Cia-lamr and Lunar Orbit, Documentation of 
thene techniques will be distributed in the near future, No further 
meetings will be enlled apeeificnlly for there oubjects, Whatever open 
itema come up will be handled in our weekly C’ Mineton Techniques Revieva, 
nlong with the rent of the atuff we like to talk nbout. At the final 
meeting on October 17, we wrapred up the Trennlunar Gpaceernft Ravign- 
tlon Mission Techniques by adorting the follovingt 

a. The crew proceduren and CMT uninte techn! quen should be easentially 
the same for trannlumr an for treniesrth. That tes, 

(1) A fine alignment for sextant ealibmtion vill be done prior 
to ench navigation exercise period, which urually includes a midcourse 
correction mneuver, 

(7) State vectors will be couputed onboard and the Wemtrix will 
be preserved, 

(3) MSFN state vectors relayed to the CMC will be to the IM slots, * 
ete. ‘ 

bd. It should be noted that the purpose of the Tranelunar Spaceermft 
Naviention te quite different thin the Transearth Naviention. The latter 
In Intended to provide an onbonrt enpabllity to back up MSFN maneuver tare 
geting and entry initinifantion in the event of conmuniention lore; the 
former in to collect data to evaluate rystems performnce, primrily port. 
flight, but to be mrtinily done in real time in order to moxtify procedures 
or QNCS parameters {f necenanry prior to the trannenrth leg. It he heen 
Tepentediy emphnatced that the treinnlumr naviention achedule Ina not denipned 
to previte velid comparicon of onboard and ground deterained atate veatorn and 
auch comperinon should not be mile to evaluate performnee, That tn, trajectory 
euntrol logic will not be influenced by the Performnce of the apaeecenft nnavie 
ention no mtter how pool or terrible it in, That In an Important point ant 
should be well underrtood, 

e. Te comminicntions are lort on the way to the moon, our current Pinner rely on the tne of block data to inttiate return te earth, Tb tn 
ansumed that the aceursoy of any bloek data mnenver hace? on the MIPN 
fn adequate to nneure minainy the moon, (We have the action Ltem of 

Puy US, Savings Bonds Regularly om the Payroll Savings Plan  



    

     

       

    
   

      

   

    

   
    

   

   

determining how bie the uncertainty of missing the moon is for eircumlunar 
aborts.) In this situation the procedure ia for the crew to reinitialise 
the Wemtrix prior to atarting the transearth navigation. ‘That is, somes 
time after passing the moon they should key in that verb which resets the » 
Wem trix to the values loaded in E memory prior to lift off. Currently 
the values are 3,300 feet and 3.3 fpe. It ia to be emphasized that the 
only reason we are preserving the W-mtrix during the translunar navigation 
ie that we want to keep the procedures exactly the same ae the transearth 
phase and Wemtrix prenervation in then apparently important. 

a. The firet two batches of spncecraft navigntion observations are 
deaigned for specinl purposes. Those of the star/earth horizon at TLI + 
three houre are to be used to determine thelocation of the horizon above 
the Fischer Ellipsoid. This value will be determined in-flight by the 
MCC-H and will be related to the crew by voice or CMO uplink. (‘The mode 
has not been determined.) The second batch of observations are of atar/ 
earth landmarks (at TLI + six hours) and are included to determine how ao 
well observations of that type my be mda in the event of a communication 
loss during the return to earth. It win establinhed that if earth land. 
marks are not visible, the exercise will be del-ted. ‘That ia, it will not 
be replaced by another type of observation. Tha. situation, of course, 
ia not unlikely consifering the lighting conditions and cloud cover ve 

@ ean easily encounter, If these observations are not obtnined on the 
tranelumr leg, they should not be used in the event of a communication 
lose on the transearth leg unlese the crew hes no confidence in the navi- 
gation using star/horizon observations to hit the entry corridor, 

~ 

J ward We ba) vr, 

PAtHWPindall, dr.:js   
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list attached DATR: Octobor 18, 1968 

68-PA-T-2284, 
Pa/Chiet, Apollo Data Priority Coordinetion 

C' Contingency Proceduree ~ Draft Review 

A review of the C! Contingency Procedures Techniques Document is currently scheduled for October 22, 1968. Topics included are: 

© LI +10 and TLI + 90 mimte aborte 

© Tranalunar Const Aborta « Block data 

© LOI and TEI Node I and Mode IT aborts 

The burn monitor procedures are included tn other techniques documente, 
but will be summrized in the contingency techniques to provide a com. 
prehensive document, 

Draft copies of the document will be provided at the review which starts at 9:00 a.m. in Room 396 of Ruilding 4, 

Gadi’ bo Lay 
Howard W. Tindall, Jr, 

PAIHWTindall, dr. tjs 

Bay US, Savings Bends Regularly on the Payrell Savings Plan  
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Memorandum 
Bee list attached DaTR: October 17, 1968 

68-PA=T-227A . 
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FROM Pa/Chief, Apollo Data Priority Coordination 

®uBsRCT: D Rerdesvous Open Items, Action Items or whatever you call then 

I've reviewed my notes of the D Rendezvous meetings over the last 
couple of month and have found the following open/action items. I 
guess mat, if not all, are being worked on. But time grows short 
and so I'm sending this list around to mike sure of it. If you know 
of others, please give me a call. 

2. (TRH) What are the expected AV residuals at the conclusion of 
the AGS controt.ed, DPS phasing burn? We want to null the x-axis to 
within 2 fpe but mst avoid excessive RCS jet impingement. . 

2. (MPAD) Shall the DPS be stared for rendezvous at TPT? It hao 
r been decided that the greatly improved vehicle maneuverability and 

resultant saving in RCS fuel makes this desirmble, provided no recontact 
with the staged DPS is positively assured. Ei Lineberry is developing a 
technique to do this. 

3. (MIT) Braking procedures are placing heavy weight on the 
rendezyous radar range and range rate, of course, If the tape meter 
fails, it is hoped that the crew can get raw radar date displayed on 
the PONCS DSKY by use of the V6e RR self test routine. MIT is requested 
to verify thie technique works and inform ua of any constraintea or 
idiosyncrasies involved in thia procedure. 

bh. (MPAD/ASPO) What is the accuracy of the PONCS rendesvour 
navZention when using an IMJ aligned with the COAS rather than the AOT? 

_ASPO should define the accuracy of a COAS which hae not been calibrated 

~ Inflight. 

5, (MPAD/MIT) When computing the TFPI solution using the POKCS 
Elemtion angle option, what solution willbe obtained? Note tint the 

apacoeract will pase through 27.5° two times in the football trnjectory, 

G. What other problema or special procedures are needed for the TPZ 
mneuver, if any? For exnmple, enn dispersions mike it more desirable ° 
to une the time option, I[t ia interesting to note that the TPL. mneuver 
is applied more-or-lesa away from rather than toward the target spacecrart! 
This certainly affects tho seas techniques involving boresighting along 

e the LOB developed for a "standard" rendervous TPI. 

Bay U.S, Savings Bends Regularly on the Payroll Savings Plan



  

      

  

   

7. (TRN/AGS) how is the CSM state vector in the AGS updated if tho 
PONCS has failed and the CSM mikes a mincuvert Note the AGS har no progren 
equivalent to the FONCS "Terget AY" (R3°). 

" B (FOD) Assuming the LOC is powered down after the docked DPS 
burn (4m thie true or is it set to standbyt), an EB memory check te 

probably needed to commit to rendesvous. If required it must be added 
to the timeline and positive procedures developed to do it, 

9. (MIT) Can the time required to mke a GNCS PIPA bins teat be 
reduced to lesa than 256 seconds? 

10, (MPAD) Determine expected (3 afem) shift in TPL tim: from nominnd 
during the rendesvous to asaist in selectin« the PPI eituation to aim for. 

11. (OSD) Define TPI window of aceeptable lighting cond! tions and 
degree of constraint “hardness.” 

12. (Data Priority) Based on 9 and 10 (above) ertnblich the mination 
techniques reenrding under what conditions, if any, the “Blevation Angle" 

option for TPT should be abandoned in fvor of the "Time" option. 

13. (GAEC/TRW/ccD) Shall an AGS pyro calibration be performed during 
the rendezvous period of activity? This depends on expected improvement 
in performince versus probability of screwing up the cystem. 

1k, How do we verify that the AGS is properly aligned from the PONCS 
given the possibility of CDU transients? 

15. Of course techniques for monitoring all of the min engine mneuvera 
are still undefined and mat be Wy aDer) J 

Howard W, Tindall, Jr, 

PA:HtWTindall, Jraije 
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list attached DATE! October 21, 1968 

68-PA-TH226A 
PA/Chief, Apollo Data Priority Coordination 

Descent Aborts 

We have finally etarted mission techniques meetings on lunar landing 
descent aborts. At the risk of losing whatever confidence you might 
have in my judgment, I would like to describe a technique we are probably 
going to propose for aborts early in the descent phase. That is, within 
about 25 seconds of commanding the DPS to full thrunt. It is a tevhnigque 
that Joe D. Payne and Floyd Bennett have been suggesting for quite a while, 
but which most of the rest of us had been unwilling to accept, 

First of all, I dén't think anyone will argue about what should be done 
between initialization of powered descent and DPS throttle up after the 
trim gimbal period (currently set for 26 seconds). ‘The AV acquired 
curing that period only drops the apogee down to about 40 miles so the 
best thing to do is probably just stut off the engine and ait tight. 
That is, no immediate abort mneuvers are required unless it is necessary 
to get away froma hazardous DPS stage. 

After going to full throttle, though, there is a short period (roughly 
25 seconds) during which aborts become a little difficult to handle. 

In this region the trajectory rapidly becomes suborbital, mking an immediate 
abort maneuver necessary to achieve a safe orbit. ‘The problem is that the 
spacecraft ia oriented retrograde to perform the descent maneuver, which 
is exactly opposite to the direction required to get back into orbit. This 
causes the problem. Namely, if we want to abort on the DPS, you have a 
choice of: 

37 Either turning off the engine, reorienting the spacecraft about 
180", and reigniting the DPS to mixe a posigrade burn into orbit = and 
m ove wante to turn off the engine! or 

bd. Leave the DPS engine on as the spacecraft is being reoriented, 
Unfortunately, in order to avoid gimbal lock this attitude mineuver mat 
be mide in the pitch direction and leaving the engine on causes us to 
nequire a large rndial velocity during the attitude maneuver which mist be 
removed, To do thic the spacecraft would go through a pretty wild piteh 
profile rotating almost a complete revolution from the time of abort to 
the time of engine shutdown. The reason for this ia that attitude change 
1s mde at a rate of only 10 degrees a second, which means the engine would 
thrust with a component in the radial direction fur a long tim. As you can 
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imeine, there are also considerable problems in the guidance equations, 

which would cause theengine to be shutdown prematurely under cortain 
cireumatances, . 

Abort Staging with the APS is not much better aince it waa felt necessary 

to provide an immediate separation maneuver (currently coded to be three 

seconds or 30 fps) to get away from the DPS before reorienting to posigrade 

attitude, And, you can't leave it running for the same reasons as the DPS, 

So you see, even for an APS abort, we end up turning the engine on, then 

off, and then back on, which we don’t want to do. 

Let me point out that after edout 25 seconds eat full throttle, the hori- - 

zontal velocity required to get back into orbit when combined with the 

redial velocity picked up during the attitude change resulta in a guidance 

and attitude control situation considered acceptable. That is, it is not 

necessary to turn off the engine during the pitch over to posigrade atti. 

tude. So our only concern is with aborte during the first 25 seconds after 

throttle up, when it is neither acceptable to leave the engine on nor to 

turn it off for fear that it won't start again, 

Standby for Payne's solution! 

@ It is proposed that in the event of an abort recognized in that trouble«- 

some pericd to continue operating the DPS in the retrograde direction 

until we have reached the time it is possible to mike a attitude change 

to the posigrade direction without turning off the engine! If the DPS 

is the aystem that isn't working and it is necessary to “Abort Stage" and 

use the APS, it in proposed to burn the APS in the retrograde direction 

as long as necesaary to reach the point when we can pitch to the posigrade 

direction without turning off the APS. 

This solution, you see, avoids the need for turning off an operating 

engine and mkes the procedures for both DFS and APS about the same in 

this time period ns they are after this period. The thing that takes 

awhile to get used to is burning in a retrograde direction lowering the - 

orbit still farther after a need for an abort has been recognized. How 

do we rationalize doing a thing like that? We currently feel that the 

advantayes of the simplified, standardized procedures and particularly . 

of not shutting down a running engine sufficiently justify thrusting to 

_ a Bituation a little worre than that which existed at the time of abort 

- _peeognition. And, of course, we do have a tremendous propellant surplua 

if we abort at thie time, Furthermore, aside from some problem associated 

with throttle up, the probability of an abort being required in this 25 

oecond period seems awfully remote mking it very difficult to justify 

development of a unique set of abort procedures and training to use them. 

In effect, this proponal creates two rather than three abort sones. No 

abort maneuvers are required prior to DPS throttle up since the LM ia still 

@ orbital. Procedures after throttle up are all the same, ‘There is no discrete 

point in the descent required special techniques,  



  

Formulation of the LUMINARY DFS abort program (P70) is completely compatible 
with this procedure. That is, for a DPS sbort the crew would alvays delay 

taking abort action until 25 seconds after throttle up. A program change 

will be necessary to support this procedure in the APS abort progran (P71) 

ao that if the crew hits "Abort Stage,” the APS will light off and separate, 

maintaining a retrograde attitude until 25 seconds after DPS throttle up 

time, ‘Then it could go into the abort guidance as currently programmed, 

Specifically, the change is to have the spacecraft perform a continuous 

retrograde APS burn as opposed to a three second burn followed by an 

attitude change and reignition. 

Mal Johnston of MIT was at our meeting and will discuss this with our 

friends in Boscon, We'll talk about it some more next time after think- 

ing it over a couple of weeks. I'd de interested in your comments. 

| bog ax Donde, 
Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:Jjs 
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* UNITED sTATES GOVERNMENT ‘ 

Memorandum 
To : Bee list attached parE: ,Octoder 16, 1968 

68-FN-T.225 

FROM : FM/Deputy Chief 

SUBJECT: Results of the October 8 Apollo Spacecraft Software Configuration 
Control Board (ASSCCB) meeting 

In this memo I will briefly describe some of the highlights of the 
subject meeting: 

1. There was a long discussion regsrding the effects of CDU tran- 
cients on AGS alignments while on the lunur surface. It appears there 

are some fairly simple procedures for making sure unacceptable errors 
are not introduced into the system. A metter that was not discussed 
wigs whit sort of probleme we can have in the AGS alignment while on 
consting flight where spacecraft attitude changes make checking very 
difficult. We will have to pursue these mitters in the mission 
techn.iq.es development. 

e €. There were four PCR's approved that I would Like to call your 
attention to. They are: 

a. PCR 546 (LUMINARY): Delete VSON25 display in P68, Crew mst 
insure a stable LM before “proceed” response to YO6N43, The V5SON25 dis- 
play is not necessary. Attitude storage can be done after crew response 
to previous VO6N43. : 

b. POR 547 (LUMINARY): Delete V37N57 display at end of P68 and add 
"Do final automatic request terminate routine (ROO)."” Chapter 4 incorrectly 
shows P68 terminating with V37N57. 

- > 

° ec. POR,551 (LUMINARY): Reduce normal maximum commanded rate from 
20°/see, to 14°/sec. since maximum commnded rate of ACA normal scaling is 
t00 high for manual lurar landing. Reduce normal and fine scaling by A 
fnetor of 7 for the CSMedocked case *‘txe normil and fine scaling of ACA - 
are too high for manual lunar landing. 

@. PCR 552 (COlOSSUS): Add Pr? assumption to read ae rollows: The 
first mrk obtained by this program cannot be the landing aite. Coding in 
PP2 cam-ot accept land: ng site as first mark. 

Buy U.S. Savings Bonds Regularly on the Payroil Savings Plan
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3. Since 911 of DPB guided burns on the currently planned mission: 

terminate at 50% thrust or less, it was decided to place the DFS tailoff 

for hog in memory rather than full thrust. 

h, MIT requested that we approve change (PCR 494), which would put 
the LOC value of lending site location (RIS) on the ascent and deacent 

downlink format. I am not sure why they want thie unlees it is for systema - 

testing purpoves, Note: We have no capability of reading it out in ttre 

control center in real time right nov. 

5, PCR 250 to put SPS mre flow rate (M DOT) Into ernatble memory of 
COLOSSUS 1A was approved. 

6. POR P45 to permit use of planet in Pe3 am R53 was approved for 

COLOGSUS IT but will not be in COLQESUS 1A. 

7%. Just ao there in no mieunderstinding on this, MIT hac becn directed 

to delete the rendezvour radar ncquisition routine (R29) from tie LUT 
descent program (P63) completely. 

(A. “TO 

Howard W. Tindall, Jr. 

YM:HwTindall, JratJs 
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To !See list attached | DATR; October 16, 196i 

68=PA-TECKA 
From : PA/Chief, Apollo Data Priority Coordination 

sunject: C' Earth Orbit and TLI Mission Techniques Open Items 

It appears we have the Earth Ortit ani TL Mteston Techniques for the 
C' pretty well under. control. ‘The only two aipnifiennt open items that 
I know of denl with the optics check and the crew procedures for pro- 
tecting against an SIVE engine cutoff fMmilure during TLI. 

The problem with the opsics check tn that no one han really established 
what they are tryine to necomplich by doine '¢. My own personal opinion, 
of courses, to that it iu not really neecnsmry, That io, we will be willing 
to do TLE with the optics busted, whntever thit means, since we should be 
able to alifn She platform using the COAS good enough to perform the 
return to enrth mineuver. Although, I puess, we really haven't proven 

@ thit to everyone's satisfaction yet, 

How the crew should backup the SIVB IU engine cutoff signal has been va 
sticky wieket (I believe that te the expression), I think we have now 
gotten through the emot'onal phase of this one and have reroed in on two 
possible tectiniques, both of which seem pretty good. The one I personally 
favor war proposed by Charley Parker, [Ita merits are simplicity and the 
fact that it @ives the TU the grentest chaince to perform ite dob, if It fo 
golng to. Rasically, no crew action would be taken until after an elapned 
burn time in equal to that expected froma 3 sigma low performing engine. 
Tne would be like 10 seconde pist the nominal burn duration. At that 
time, the crew would mnually shut the engine down aa soon as the GNCS 
indleated the targeted inertial velocity has been achieved a3 readout from 
thelr DBXY display. Of course, if we really have had an IU failure, the 
GNCS would indicate that we have already exceeded that velocity at that 
time and ro the crew would take immediate action by turning the abort 
handle to shut down the engine and return it to ite neutral porition to 
avoid aulomtle separnt on of the spacecraft from the 8IVB, (Note tha+ 
the EMS Av counter plays no role in thie procedure.) In the event the 
TU bns truly failed to nend the cutoff command when Overything tlee La 
perfectl’ norm, this ;rocedure would result in an overapeed o* about 
500 or 600 fpa which world require a 2,000 to 3,000 fpe returns toenomi nal 
midecournr maneuver three hours after TLI. This does not preclude going 
into luner orbit, 

The alternate proporal In preeisely the name an that, exeept then an nddle 
@ tional period permittin; manual crew engine cutoff in included + namely, 

r 

4 
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thet, papiad containing all burn durntions possible with ea 3 sigme performing 
anving., Thin would be a 20 secom! period centered about the nominal cutorr 
time. During this period, the crew would send a minual engine off command 
if both the GNCS and the EMS AV counter indicated the desired cutoff velo- 
city had been achieved. 

Studies are continuing on both these techniques and a crow preference will 
also be obtained hopefully leading to resolution within the next couple of 
weeks, Since there is no crew simlation factlity capable of faithfully 
simulating the TLI mncuver, it will not be possible to base the decision 
on experience gained in that wy. 

~~ 

WA 
Howard W. Tindnll, vr. 

PAtHWTindall, Jretju 
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Memorandum 
: Bee list attached DaTR: October 16, 1968 

6BePA~T.222A, 
? PA/Chief, Apollo Data Priority Coordination 

supjRcT: C!' mmneuvers - 873 vereue RCS crossover 

  

Neil Townsend (EPP) informec me by phone « and will supply written 
confirmation - that the minimum duration SPS burn for C!' should be 
no less than 0.5 seconda. We had been aseuning something amlier, 
According to MPAD (Otis Graf, FMT) this m°se the crossover point 
between use of the RCS versus the SIS angaines 

Tranalunar midecourse correction = § fps 

Transearth midcourse correction = 12 fps 

These values will be explained completely tn an FMT memo soon to be 
distributed. I just want everybody to be aware of the nev values and 
to start using them in his planning, > 

a 
foward W. Tindall, dr. 

PArHWTindall, Jr.:js 

Bay U.S, Savings Bonds Regularly on the Payrol] Savings Plan 
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SUBJECT: 
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May tem EDrTON 
PED PPRER (et CPM) 107-11.6 

UNITED STATES GOVERNMENT 

Memorandum 
See liat attached pate: October 17, L908 

G8-PA~T-220A 
Pa/Chief, Apollo Data Priority Coordination 

Transearth Spacecraft Navigation 

During Jim McPherson's Transearth Spaceeraft Naviention Misaion 
Techniques meeting of October 4 and 15, n potpourri of ground rules, 
working agreements and corstraints wan ertnblished. I my be dupli- 
cating other reporte with this memo but figure batter too mny reports 
than not enough. All of the followine apply specifienlly te the firat 
batch of sextant sightinvs = star/lumr horizon = after TEI on the way 
back to earth. Many my Also apply to Inter navipation observations, 
but I won't attempt to identify them here. 

a. Prior to initiation of tranrearth onboard spaceernft naviyntion, 
the pre-TEI MGFN state vector navigated through TEI will be stored tn 
the CMC LM slots and will be used to initialize the navigntion. That 
is, no new state vector w'll be uplinked. 

bd. Naviration using star/lunar horizon observations eive approxi. 
mately the same accuracy as ctar/lunar lnndmrks - at leaet as for as 
hitting the entry corridor ts concerned. Accordingly for purposes of 
mission simplifications + both pre-flight preparation and real time 
operation - all star/lunar Llandmrk observational exercines will be 
deleted from lunar missions starting with Ct, 

c. This exercise is to start at TEI + 14 hours. 

d. Altitude, which is not a constrnint, should initinlly be nbout 
6,000 nautical miles, 

e. Stars of ©.3 mignicude or brirhter are required for lunar observa. 
tions. . 

f. Due to the required spacecraft actitude, the hiegain antenna will 
probably be out-ofslock. Therefore, low bit rate telemetry will probably 
be used to tranamit the deta in real time. If ao, marke mist be mde no 
more frequently than one for each 10 acconde ~ procelures are required to 
assure proper downlink antenna in selected, 

c. After completion of this exercise, the crew will obtain sextant 
photopraphe of the lunar fForizon ~ to see what the horizon leokse iike 
at nltitudes of 10,000 to 20,000 nauticnl miles = not to determine itn 
loention, 
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h. The Wematrix will be initialized to 3,300 feet and 3.3 fpr. If 
posetble, they will be initialized at TEI and propogated from there. These 
are the same values to be used after TLI and included in the E memory load, 

i. MPAD and MIT will establish the Ar, Av threshold the erew should 
use for data selections = hopefully, It will be aimple but perhaps mnt 
be a function of geometry and time in the miesion. (The data is on the 
downlink repardless of whether the crew rceepts the updnte or not.) It 
should be noted that no good simlation metlity will ever be amllable 
tg provide the crew any pre-flight Judpment. Although the VAR rendesvous 

RR display pives relation of pre-naviention yveroun mvlinted atate veetorn, 
thic kind of activity shall not te a port of the decta‘on lopic. If 

somone comes in with a cood, useful preporal, thie will be recone (cercd, 

Je A PS? allen shall be performed fwecdiately prior to this cxereise. 

k. The sextant enlitration chall te repeated untt] agreement. of ab 
least two cheeks (not necescartly sequential ones) are within .006 
before "preceeding." 

1. Sextant calibrations w'1l be performed eyory onoehalf! hour. 

me. The CMC clock shr Lil be upinte $ hy the MCC-H whenever in “error™ 
by more than .OhO seconds. 

Howant W. Tindall, Jr. 

PAsHWTindnll, Jr.sJje 
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e@ UNITED STATES GOVERNMENT 

Memorandum 
To See list attached 

DATE: October 15, 1968 

68-PA-T219A From ;PA/Chief, Apollo Data Priority Coordination 

sucject; Lunar Rendezvous Mission Techniques 

A number of people who know about te serdezgvous radar (Myron Knyton, Richard Broderick, etc.) enme to our i.ttle Lunmir Rendezvous M usion Techniques meeting October © and assun +r. our anxieties rerauniine the possibility of poor staft angle pxicureccnta when the linesofesight to the corumnd module passes close to the lunur horizon, According to the data they presented, tre error introduc 
rajar data is esnentially lost tn tte noise for elevation angica above 10° from the horizon. (Duying tne rezingL lunar rendezvous tracking begins at approximately 10° elevation oni approacnes 20° at CSI.) 

   

  

“Ed Lineberry's people have mie cutfiet cnt Yunn to show that it fs possible to use the same CST tarret ng cata computed in the CMC for LM maneuver solution comparison (properly biased) ani for CSM mirror @ image maneuver targeting. We are currently recommenuing that the CMP use P32 rather than P72 since this would avoid the necessity of going through two pre-thrust programs. 

     

One of the most significant things comins fron the meeting, I tuink, wns 

by multlepath {n the rendezvous 

a report by the Math Physics Branch peopie to the effect that the rendecvous rdar data is not expected to be of suff.cient accuracy to tarcet plane change maneuvers prior to terminal phase. The entimated errors are aimply too great (ees, il fps, one stem). Accordingly, all plane chanre tarpete ing prior to terminal phase mist come from the CSM which can do an excellent Job given as little as 10 minutes worth of sextant trackiny (0,5 fps, one sigm). This does introduce sort of a problem since the technique for deter. mining the menitude of the Plane chanee mneuver ts to input the time of interest into the R36 routine. Unfortunately, if we pat in the time of the LM maneuver, the solution would apply to the Cut-oleplane the commnd module should mke at a subntantially different place in orbit, oFor example, at CSI the command module is leading the LM by as mich an 12". Of course, the CMP could go through some "mickey mouse” to bias thie time as a function of this phare angle based on some charts or something. owever, he is already pretty well bogeed down with other work and su we are poing to put ina program change request for COLOSSUS II eiving us a solution based on the LM state vectors: rather than the CSM state vectors somewhat as the 7 series programs compliment the 30 series. 
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Jack Wright, TRW, had an interesting fdea regarding the technique for check- 
ing the validity of the VHF range data. It is oto impression that the 
rendezvous radar range and range vate measurements are essentially independ- 
ent of one another, in effect providing two cata sources for comparison with 
the VHF. Agreement of either of these witn the VHF would provide confidence 
in its use. The crew display of raw VHF data is not really accessible to 
the CMP in the lower equipment by ani, of course, does not provide range 
mite at all. Therefore, the comparison mist be againct the DOKY display 
of range and rancn rate based on the navignted state vectors which include 

the sextant observations, It se to ui, in Lieu of real data that this 

is probably a valid test of the VHP sins: it probably overwhelms the 
sextant data in the determination of nuv ustominge and vanee rate, I 
Would like to emphasize that this Loa pocre:al requiring verification 
and may prove to be not useable, fow-v 27, Iotnou,ht it interesting enourh 
to pass on to you. 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: October 10, 1968 

68-TA-T-218A 

Pa/Chief, Apollo Data Priority Coordimtion 

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 goirg to have to peef up our effort in 

order to get all this cleaned up. In fact, I am going to schedule aj. 

day meetings every othur Monday apecifically 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 

mist be working in both spacecraft at each of four go/no go pointe, 
namely: 

ae 

de 

c 

d. 

This is 

Undocking 

Separation into mini-footbell 

Phasing into football 

Insertion into CSI/CDH rendezvous 

the first time we have made a coordinated attack on this subject 

and I feel ve vere probably 90% successful or tetter. I have attached ea 

table summarizing the results which you my find intereating. 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 underatanding of how 

we want to do the rendezvous exercise and how we want to get out of trouble 

if other nieces of equipment subsequently fall. We adopted, as a general 

philosophy, that the command module mat pe prepared to rescue the LM and 

50 we insisted on having redundant CSM capability for a11 crucial operations. 

In the LM we were somewhnt 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 
required 

particularly like to point out regards the AGB which we feel is not 

for anything except Insertion into the CSI/CDH rendezvous. It my 

seem inconsistant thnt we are willing to make the phasing burn into the 

football rendezvous but then not go for the second bigger loop. The reason 
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was that most objectives will have been achieved in the football and the 

additional experience gained in the CSI/CDH rendezvous does not appear to 

justify the risk of demanding CSM rescue for subsequent PONCS failure. 

Incidentally, the thing we want the AGS for in this case is not rendezvous 

navigation or maneuver capability but o8 an attitude reference in the 

event we lose the PONCS. This is considered important eince without it, 

it my 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 MSFN solution for CSI and CDH 
would be used to target the AGS, the crew has a strong preference for using 

the PGONCS 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 MSFN solution was to avoid unnecessary activity close 
to burn time. However, since the PGNCS solution le checked before the AGS 
targeting is loaded - that concern is not longer valid. 

b. We had stated that no redar deta would be input into the AGS prior 

to CSI and CDH. To this we are adding the football prior to TFL, unless 

the PGNCS fails or it is known that TPI, will be executed. 

ec. It has been established that the LGC rendezvous navigation Wematrix 

will be initially sct to 1,000 feet and 1 fps. In addition, it is necessary 

to aet initialization value for the radar angle biases. The value selected 

for this is .001 radinns, 

d. We have established a mission rule the flight controllers should 

utilize in targeting the mancuvers prior to the rendezvous exercise in 

order to meet satisfactory rendezvous lighting conditions and MSFN 
coverage. They may permit the Ah for TPL. (that is, the football 
rendezvoun) to vary + 1 nautical mile. The At for TPI should be tar- 
geted to be 10 + 0 nautical miles. Actually thie 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 Ah 

constraint. 

An open item still hanging around deals with whether or not an AGS gyro cal- 
Abration 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 AGS people, I believe, would like to have the calibration 

done since they feel it would greatly improve the accuracy of the system. 
Of course, everyone agrees with that providing the calibration works. We 
must vote everyone concerned with this again, I guess; right now the crew 
has included ft {1 the timeline while dogked to the 

4 
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Rithac PGNCS of CES required since “Direct” is assumed acceptable for docking. 
Assuming additional experience gained in the CS1/CDN rendesvous dees not 

jusctfy the risk of demanding CSM rescue for subsequent PCNCS failure. 
Includes DEDA. 
Altsrnace mission may be possible. 
Nomtnal t ectory possible with APS/RCS, 

Includes transponder, Some wm a* 
Separation acceptable {f, test odjéctive can be accomplished. 
Assuming RR self-test (VbL) perkins caus RR wentet, 
One or the other required « not both, 
Assuming rendezvous navigetion studies show uncalibrated COAS IMU alignment 
is adequate to make flight mesningful. 
Transtation and at least one RHC. 
One/channel, 

Crew to verify one CSM DSKY adequate to gerform rescue for SPS burns and 
navigation, 

Assuming running or cabin Tights are visible et 2.5 HM. 
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UNITED STATES GOVERNMENT 

Memorandum 
PA/Manager, Apollo Spacecraft Program pate: October 2, 1968 

68-PA-T-210A 
PA/Chief, Apollo Data Priority Coordination 

C Mission Techniques - are they being used? 

As you suggested, I checked with Phil Shaffer Chief, Flight Dynamics 
Officer on the ¢ mission - to determine if the flight crew and flight 
controllers are following the mission techniques we developed. He 

ids completely satisfied that everything is being done properly - at 
lenst those things they arc eble to olserve from the similations. 
(There are some things the crew does that only a cockpit observer 
could check, of course.) For example, he says folluwing each eimia- 
tion there is a complete detailed discussion of such things as data 
source comparisons for rendezvous (TPI) and the crew is faithfully 
doing "right." 

Some things have been changed since our document was updated the last 
time, bul only after discussion with 911 interested parties to the 
same extent as during the orlginal Techniques Development. The point 
is, "spur of the moment” changes are not being mide nor are changes 
based on comeone's whim. Exanples of changes aret 

6. Use of the G&N to mike a retrofire burn which must be delayed 
at the last moment - by recycling through the pre-thrust program (P30) 

and changing TIG + rather than using the 8CS. (Sce paragraph 2.6, pace 
13 and logic pige 33 of S-PA-87-011, our Jatest Mission ¢ Retrofire 
and Reentry Document, dated September 6, 1968,) Actually, this is 
whit we always wanted to do - the crew resinted 14 becnuse they didnt 
think they had enough time. Now they agree it's best. 

be Trimming, Ay residunts after retrofire ts now done since it avoids 
having to recompute the entry ped data ~ d.e., it keeps the burn nominal 
and the pre-burn entry data remiins right. We previously felt trimming 
wus unneeersary and crovded the tiveline when they should be separating 
the CM froa the SM, Simulations have shown the new technique to be 
superior. Everyone aprees. 

Howard W, Tintall, Jr. 

cee 

res/P. C. Shifter 

PANT, dries 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached DATE: September 27, 1968 

68-PA-T-209A 

PA/Chiet, Apollo Data Priority Coordination 

C' Miasion Techniques 

Attached are « list of ground rules and working agreements I compiled 

from my notes taken at the September 13 and 14 Mission Techniques 

meetings and the September 20 Lunar Abort meeting, all on the ct mission. 

This list is far from complete. Barically, these items are only the 

changes and additions to the material in the existing Mission Techniques 

documents already published, which are generally accurate. I pul this 

together to document what I thought was agreed to. We will get together 

on October 2, 1968, at 1:00 pam. to review this whole thing. Probably 

going through this list will be the easiest way. Based on that, TRW 

will prepare Xerox review copies of the following Missior Techniques 

documents for review and publication on the following dates: 

Subject Review Publication 

Earth Orbit and TLI October 10 October 21 

Translunar MCC and LOL October 16 October 28 

TEI, Trensearth MCC, and Entry October 9 Cetober 21 

Also attached is a list of some of the action items coming out of these 

meetings. 

oward W. Tindall, Jr. 

Enclosures 2 

PA: HWTindall, Jr.sijs 
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September 27, 1968 

c' LUNAR MISSION 

GROUND RULES AND WORKING ACREEMENTS 

General 

1. 

3. 

It has been established that all earth orbit operations prior to TLI 

will utilize the pre-liftoff REFSMMAT. Furthermore, it has been 

eatablished that all translunar MCC with the exception of the final 

mce (at LOI -8 houra) will also utilize this same REFSMMAT. Of course, 

it is recognized that the direction of any MCC is completely random and 

it ie possible that IMJ gimbal lock could reeult if this were strictly 

adhered to. Accordingly, if it is determined that the middle gimbal 

angle during a MCC will be less than 45°, a new REFSMMAT will be 

releyei to the crew for that specific maneuver. In that event, ea 

REFS'MAT yielding 0, 0, 0 on the FIAI vten the spacecraft is in mneuver 

attitude will be utilized. 

It ts felt to be advantageous to utilize a single REFSMMAT for all 

lunar operations including the LOI maneuvers and TEI. Since the GaN 

ta being activated for the lunar operationa prior te the final MCC, it 

was decided to extend this procedure to include that mneuver. That is, 

the final Mcc (at LOI -8) will also utilize the lunar orbit REFSMAAT. 

The lunar orbit REFSMMAT is defined ae that platform orientation which 

will yield 0, 0, © on the FIAI 8-ball when the spacecraft is at « heads 

up, + X-axis forward, horizontal attitude at the time of I,. This 

meanc that during the wt, maneuver, which is performed retrograde and 

heads down, the FIAI display will be 0, 180, 0. 

Pending agreement of MSFT, we have established a ground rule that if the 

COAS horizon check of TLI turn attitude has failed, the TLI turn will be 

inhibited (Merry, Paules, Huss). 

Snelorure 1 

 



  

It 18 possible for either the MOC-H or the crew to activate the CMC 

uplink program (P27) providing the crew has not inhibited it. ‘The 

crew has a strong preference that thev not be included in that activity. 

Therefore MCC-H shall do it whenever they send an update, 
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It has been determined that it is nominally not necessary to perform an IMU 

alignment while in earth parking orbit prior to TLI. The mission techniques 

which have been developed for a general lunar mission such as F and G have 

omitted the platform alignment ae a part of the G&N systems evaluation, 

since it has been determined that other tests are adequate for that purpose 

without it. If these other tests reveal some problem or possible problems, 

a platform alignment is often required for resolution. Except for a late 

Pacific launch, this would ordinarily require utilization of the second 

TLI opportunity. On the C' mission there is time to perform a platform 

alignment and it is being included In the crew flight plan but it should 

be emphasized that it is optional and faliure to perform it for some reason 

does not contitute sufficient reason for declaring the first TLI opportunity 

"no go". Furthermore, no special procedures are being developed to include 

information obtained from the platform alignment in the TLI go/no co logic. 

The spacecraft state vector will always be updated by the MCC-H during earth 

parking orbit prior to TLI. Since it is anticipated that the state vector 

determined by MSFN tracking will be superior to that obtained via telemetry 

from the SIVB IU that one will be used unless there is some obvious fault with 

i*; in thet event, of course, the TU state vector will be used. A significant 

point to be mde is that no procedures ure being developed for determining which 

of these two data sources {is superior in real time. That is, there is no come 

parison of state vectors to determine which is better. The MOFN ia assumed to 

be better and will be used unless there is some reason to question its quality. 

3- At present we are assuming that the EMS is not mandatory to fly the C' lunar



  

end the duration of the burn (a clock), It has been determined that 

burn duration for a booster operating within apecifications can vary 

aa Us seconds, which makes it essentially worthless aa @ data source 

for backing up cutoff. After lengthy discussions it was rather 

arbitrarily decided to establish a technique which pute maximum 

reliance on backing up the cutoff with the GAN and to use the m6 

Av counter only as a lsat ditch device to use after it is obvious 

both the SIVB TU aac the apaceoraft O&N have failed, The technique 

selected requires the crew to monitor the G&N DSKY and to send mamal 

engine shut down when the DSKY reaches an inertial velocity relayed 

by voice to the crew from the MCCeH while in earth parking orbit. 

Tais value of inertial velocity will be the anticipated nominal 

value biased to account for G&N systems dispersions, crew reaction time @ 

(ineluding the DSKY display delay), and the SIVB delay in responding 

to the crew action, The 28 Av counter will be set prior to TLI 

with a MCC-H relayed velocity such that when it reaches esro, the 

erew should send the cutoff signal. This parameter shall also be 

biased, While of the same nature as the GAN this bias will be made 

substantially larger to assure that a premature shutdown, based on 

this cue, will not occur under any circumstance, A apecific point 

to be mde is that the mnual backup elgnal will be sent if either 

the G&N or EMS reaches its limit. We are not waiting for beth, 

The primary reason for this umusual procedure is that the GAN by 

itself, should provide the best possible backup as regards both 

accuracy and simplicity,
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In addition to the parameters discussed in TLI paragraph lb, the only 

other parameters to be included in the pre-TLI pad message are} 

a. The mission elapsed time of TB6 

bd. The nominal burn duration 

ec. The nominal inertial velocity the crew should observe onthe DSKY 

at the end of the burn including tail off. . 

In the event of a catastrophic spacecraft failure during TLI requiring —~- 

premture shut down of the SIVB, the crew will utilize the abort handle, . 

which reinitializes the clock and will perform an abort maneuver 10 minutes 

later to return to carth. The manet'ver will be performed using the 

horizon as an attitude reference and an onboard chart solution for burn 

. Magnitude based onthe crew display of G&N inertial velocity (VI) and/or 

me Ay, noted at SIVE shut down, 
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de All translunar MOC will be performed utilising the GAN. Based on that, 

the MCC's are scheduled to occur at the following times! 

a, TLE + 10 hours (if an emergency situation coours requiring immediate 

return to earth, this maneuver may be scheduled an early as, but no 

eariles then TRI + 3 hours) 

b. TLI + 20 to 30 hours 

@, LOI « 20 to 30 hours 

a. 20r « & hours 

With regard to the final MCC, it has been determined that the minimm 

time required after the MCC to obtain adequate MIFN tracking and carry 

Out targeting for the for ia bb houre, In order to assure that ade. 

quate time will be available to compensate for unexpected cacurrences 

and to avoid straining the MBFN targeting to ita limit, 1¢ wae decided 

to achedule the final Moc 8 hours before LOI, An additionel benefit 

gained by this is that {t provides the crew a final rest period prior 

to the sapectaliy taxing lunar orbital operations, 

The MCC maneuvers have been scheduled to coinoide with other crew 

activities such as the work/rest cycle. That ie, they were not 

scheduled to optimize any trajectory considerations or anything like 

that. 

MOO's prior te TL + 30 hours will use the free return, beat adaptive 

path (BAP) RTCC targeting mode, MOO's later than 30 hours after TLI 

require une of the Return-to-Nominal (X, Y, £, 1) mode, since the free 

return targeting moda does net work in tia region, A teat will be mde



  

ts assure thet any MCC using the X, Y, Z, T mode does not depart too 

far from free return. Specifically the trajectory following the targeted 

MCC maneuver will be projected ahead to approximately the time the space- 

craft exists the lunar sphere of influence and the menitude required to 

hit the entry corridor will be determined. If this maneuver requirement 

is less than 45 fps, the MCC is considered to be within acceptable bounds. 

If greater than 5 fs, something serious mist be wrong and the xX, Y, 2, 

T mode mist be abandoned in favor of 9 lunar flyby mode, which does pro- 

vide a free return. This is an unlikely, badly perturbed situation and 

precludes going intu the lunar orbit. 

A lower threshold has teen estatiished below which an MCC will not be 

carried out. It fs based on the antic! pated accuracy of the MSFN and 

fs currently set to be l fps. That ic, if the MCC is computed to be 

less thin 1 fps, i* will not be executed; if greater, it will be 

executri, The only »xception is the last MCC (at LOI - 8 hours) which 

will be performed rerardless of migni tude. 

Avy MCC commitea to be creater than 2 fps will utilize the SPS. RCS 
  

{me used for maneuvers smaller then 3 fps. 

Residuals - All Ay residuals will be trimmed to within 1 fps 

(MoFN Ge accuracy), The only exception is the final MCC which will be 

trimme to cero + 41] components. 

All teunsenrth MCC, inci: ing tne first, will be performed ‘or corridor 

control only, unless it ts determfced in real time that the predicted 

landins point is unacceptable for some reisen (e.g., unacceptable weather 

or lant masses within the footprint or In the FLA 2, or excessive return



       If a maneuver is required to relocate the landing     
    
      
    
    
    

to base staging time). 

point for reasons such as noted, above, the maneuver will be made large 

enough to provide acceptable landing conditions in the entire PLA I fcot- 

print and at PLA 2. Wherever possible, of course, the recovery sh! pt 

will be removed to a new location consistant with a ]*:0 nautical mile 

entry range.
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In the event of a G&N failure durir. the LOI, burn, the crew will 
1 

manually take over utilizing the SCS and will contime the burn to 

nominal completion. That is, the automtic EMSAV cutoff will be 

activated and used. , 

The attitude excursion limits for the iol, burn are as follows: 

a. Not to exceed 15° during the first 100 seconds, 

b. Not to exceed 10° for the remainder of the tMmrneuver. 

These limits apply to both pitch and yaw. Violation of these limits 

will be determined by observing both sets of BMAGS, one of which will be 

driving the attitude error needles; the other set will be driving the 

FIAI 8-ball. A viclation mst be apmrent on both these indications 

prior to crew takeover, 

Since both sets of BMAGS are required to monitor the LOI mneuver, they 

mist be considered mandatory for initiating the LOT burn. 

The crew should monitor and mamally backup the automatic G&N engine 

cutoff signal through ise of the EMS Av counter and the event timer, 

Limita have been established wherety it is considered safe for the crew 

to await violation of both of these systems before taking over from the 

G&N. (Reference MPAD memo, 68-FM-73-400, dated September 17, 1968, 

subject: Onboard monitoring of the LOI mneuver. ) 

iol, will utilize the same attitude excursion limtts as Lol,. However, 

the engine cutoff backup will be performed based on the event tim r only. 

That is, the ES Av counter will not be utilized for this purpose. In 

the event it is necessary Sor the crew to take over from a milsunctioning 

G&N, they will complete the burn on the SCS utilizing the automatic EMS 

Ay counter engine off command.  



  

o 

6. AY residuals of the LOI burne will not be trimmed except for the X-axis 

of eT, which will be trimmed to zero. 
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TEI will be targeted to land at 165° W longitude on a specified day of 

landing using minimmAY. The latitude of landing will not be directly 

controlled. This is the so-called CLA mode in the RiCC. 

2. Targeting for the TEI mneuver and all transearth MOC will be eimed at 

achieving the steep, contingency entry target line, which provides a 

~6.48° flight path angle nominally. 

3. The TEI maneuver will be targeted to limit the return inclination to be 

dese than 40°, 

h, Av residuals of the TEI mneuver will not be trimmed except for x-axis 

which will only be trimmed to within 2 fps. 

d+ Monitoring of the TEI burn will utilize the same techniques and limite 

as the Wo, burn. That is, the attitude execution limits will be: 

a. Not to exceed 15° during the first 100 seconds. 

b. Not to exceed 10° for the remainder of maneuver, 

These limits apply to both pitch and yaw. Violation of these limits 

wil? be determined by observing both sets of BMAGS, one of which will 

be driving the attitude error needle, the other set will be driving the 

FDAI 8-ball. A violation mist be apparent on both these indicators prior 

to crew take over, 

6. TEI will be performed in a heada down attitude. 

7. In the event of a G&N failure during the TEL burn, the crew will 

manually take over utilizing the SCS and will continue the burn to 

nominal completion, That is, the automatic EMS AV ecutofr will be 

activated and used.  
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Entry 
1. The BE will be set up to stert eutomtically when it senses .05 g's 

and will be backed up manually three seconds after the ground computed 

05 g time. 

2. Anentry attitude check is mde by comparing the position of the horizon 

with spacecraft window markings epproximtely 5 minutes before entry. 

It is mandatory that this check be passed successfully or the GaN will 

pe declared unacceptable for entry guidance. 

3. The entry will be flown util!='ng the GAN in the eutomtic mode. That 

is, the DAP will be enabled in #11 three axes prior to .05 g's. 

4. REFSMMAT for entry shall t> that which rrovides an FDAI display of 

0, 0, O when the spececraft is oriented heads down, blunt end forward, @ 

x-axis horizontal at the entry interface. 

5. On the C’ mission a noneskip reentry will nominally be utilized. That is, 

the entry range shall be limited to from 1200 to 1800 nautical miles. 

(Based on these limits the GNCS should never enter reentry P66.) 

6. ‘The useful operational footprint nominally is 1200 to 1450 nautical miles. 

(Simlations currently underway are expected to permit extending this to 

1550 or 1600 nautical miles.) ‘The normal reentry range for targeting and 

ship location purposes (i.e., PIA I) shall be 1350 mautical miles (which, 

if flown would preclude use of P65). 

7. PLA 2 is defined as a contingency area and will be located at a range of 

- 1800 nautical miles. PLA 2 will never be used unless PLA 1 is unacceptable 

for some reason and the G&N is working. If during attempt to reach PIA 2 

the GAN fails, the crew will fly a constant G reentry until serodynemic @  



    

     
    

  

capture is assured and then will fly mximum range to get as ‘close to PIA 

2 as possible, 

The SM/CM separation is to be combined vith the pre-entry spacecraft attitude, 
horizon check. The separation pitch attitude has been defined as being 

the same as the horizon attitude check and yaw is &s° out-of-plane. 

Separation studies shoule be carried out, if they have not already been 

completed, to verity acceptability ‘of this decision - not to optimize 

it. 
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C' ACTION ITEMS 

Establish the TLI velocity cutoff bias values for the GNCS (vy) 

and EMS (vc'). (MPAD) 

Establieh switchover point defining conditions under which the 

MCC-H will compute return-to-earth maneuvers to hit the "shallow" 

rather thar the steep entry target line. : (MPAD) 

Deterzin: what cues, if any, exist to give warning of impending 

GNCS failure. These are particularly needed to set the limit of 

the GNCS degradation we would accept and still initiate the TEI 

burn or the GNCS rather than SCS. (MIT) 

Establish the spacecraft attitudes for the pre-entry horizon 

check. (FCD) 

Establich tolerance on the horizon attitude check for GRCS go/ 

no go. (MPAD) 

Confirm no 3M/CM recontact problem (MPAD) 

Establish GNCS entry monitoring procedures for the new short 

range entries, (MPAD) 

Provide overall EMS check and burn procedure for RCS and SPS. 

(See page 50 of Entry) (mR) 

Provide a P37 interation limit. (MIT) 

Establish which is more important in targeting ol, 

a. Proper altitude (60 x 60) or 

b. Pass over the pseudo landing site (MPAD) 

Enclosure 2 
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UNITED STATES GOVERNMENT 

Memorandum 
PD/Chairman, Data Requirement Control Panel DATE: September 27, 1968 

68-PA-T-209A 

’ 

PaA/Chief, Apollo Data Priority Coordination 

subject: Requirement for pre-PDI IMU alignment has been deleted 

After extensive Mission Techniques Panel review, it has been estab. 
lished that a PGNCS IMU alignment immediately prior tc Powered 
Descent is not required for any renson. It is, in fact, undesirable 
at this critical time in the mission when lighting conditions couldn't 
be worse (local h'¢h noon!). 

I have attached an annlysis TRW performed to show that it js certainly 

not reguired to provide a safe AGS abort capability as has teen suge 
gested in the past. 

I also refer you to the Apollo Miscion Techniques Mission G Lunar 
Descent Document, dated August 23, 1963 (MOC IN S-PA-8N-021), which 
omits this procedure - intentionally. 

In order to provide documentation compatibility and accuracy, nay I 

roquest you revise the Spnacecruft Operational Data Book, deleting 

the requirement for an IM IMU alignment immediately prior to Powered 
Descent Initiation (PDI), For your information an alignment 1s 
performed about one hour before PDI in our current timeline, 

tn 
Xa 

Howard W. Tindall, Jr. 

Enclosure 

PAIHWTindall, dretjs 

  Buy U.S, Savings Bonds Regularly on the Payroll Savings Plan
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e TRW No. 68:7252,9+49 
Re: Task ASPO 46B 

10 July 1968 

Rational Aeronautics and Space Administration 

Manned Spacecraft Center 

Houston, Texas 77058 

Attention: Mr. H.W. Tindall, Jr. (FM) 

Subject: PGNCS Alignment During Hohmann Transfer 

Gentlemen: 

The attached 10C presents an analysis which estimates the increase in the 

probability of an unsafe ACS abort if the PGNCS alignment during Hohmann 

transfer is not performed. The analysis shows that given that PGNCS fails, 

the probability of an unsafe AGS abort from hover is increased by less than 

0.00! (one additional violation of the 30,000 feet minimum pericynthion con- 

straint {n 1000 cases). The increase in probability of an unsafe AGS abort 

over the range of times an abort is possible will be even less than the 

above value. 

The amall increase in the probability of an unsafe AGS abort should be worth 

the operational gains of eliminating the PGNCS alignment during the Hohmann 

transfer. 

Very truly yours, 

ef 
. J. Boudreau, Task Manager 

Task ASPO 46 

Wyble 
R. L. Robertyon, Assistant Project Manager 

Spacecraft Jfogram Support 

Apollo Planning and Operations Project 

Ga. 
MF :RJB:db 
Enclosure . 
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INTEROFFICE CORRESPONDENCE 68:7252.8-222 

vo. R. Boudreau ee: Distribution pare, 12 July 1968 

eusseer. AGS Performance with no PGNCS Alignment wnom, R, rida LK 
During the Hohmann Transfer (Task 46) e.00 HZ MATA 1023 8. 2047 

    

References: 1. LM AGS Guidance Software Design Report Ne. 3, TRW 05952 
TRW 05952-6079-TOOO, 30 November, 1966. 

2, Master End Item Specification for Lunar Module PONCS, 

Introduction and Summary 

e@ There is some concern about the capability of the AGS to safely perform 
an abort from hover without a PGNCS alignment during the Hohmann transfer. 
This concern stems from the results of Monte Carlo analyses which indicate 
that the mean minus three sigma for perilune altitude of an AGS controlled 
abort from hover is less than 30,000 fect (the safe orbit limit), and from 
single error analyses which indicate that an initial misalignment slightly 
larger than three sigma results in an unsafe orbit. Obviously, the effect 
of eliminating the PGNCS alignment during the Hohmann transfer is to increase 
the probability of obtaining an unsafe abort orbit. However, the rough 
analysis presented herein indicates that the increase in probability is on 
the order of .001 times the probability of a PGNCS fadlure during the 
powered descent maneuver, and the decrease in the mean minus three sipma 
for the perilune altitude of a hover abort is about 3000 feet. Since 
the PGNCS alignment during the Hohmann transfer would require RCS propellant, 
time allocated for the correction of erroneous star sightings, and no 
insignificant amount of crew activity, the gain in safe orbit probability 
Provided by tho alignment does not appoar to be worth tha operational 
complexity of porforming the alignment. However, the AGS performance 
specifications may need to be changed because the AGS performance capability 
will be degraded if the PGNCS alignment during the Hohmann transfer is 
eliminated. 

Discussion 

The probability that an unsuccessful abort results from a working AGS 
e@ is given by: : 

' T 
P(o,) “f, £(t) P, (t,0,) dt 

where 

(0,T) is the time interval of powered descent, 
o, de the standard deviation of the initial AGS alignment error,  
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f(t) is the probability density function for the occurrence of an 
AGS controlled abort, 

PiCt, o ) is the probability that an AGS controlled abort at time t 
will not be safe. 

The general functional form of P, (t, ¢) Je shown below: 

Py (t, Ka.) 

P, (t, Ko,) 

ty > by 

y
o
 

x  
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Since P, (t, 9) isa positive, continuous, non-decreasing function of t, 

P (o,) = P, (7, 9,) f f(t) at 

=P, (04) FCG, 1) 

where 

Py (T, 0.) ds the probability that an AGS controlled abort at time 
T will not be safe. 

F (¢, T) is tho probability that an AGS controlled abort will be 
required during the interval (¢, T). 

Generally, the following observations hold: 

@ ° An AGS controlled abort is required only for a PGNCS failure ; 
and hence, F (¢, T) is the probability of a PGNCS failure during 
the interval (¢, T). 

° The probability of an unsafe abort is less than or equal to the 
probability of an abort occurring - equality requires that 
Piel 1 ‘ 

° The increase in the probability of an unsafe abort resulting 
from no alignment during the Hohmann transfer is less than the 
increase in Py (T, 94) by the factor F (¢, T), 

Oo The probability, P, (T, o,), is mot a known analytical or tabular 
function; however, the rafidom Monte Carlo samples which have 
been generated follow a normal distribution very closely 
(reference 1). Hence a normal distribution is a reasonable 
approximation for a qualitative assossment. 

The functional form for the variation in perilune altitude is approximately 
(reference 1), 

Ry, = Ag + 2 De + 60,000 

e 1  
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Where, 

e is the vector of random errors such as misalignment, accelerometer 
bias, etc. . 

A, D are matrices of first and second order coefficients, respectively. 

For independent, normally distributed errors with sero mean and standard 
deviations Ms the mean and standard deviation for RS are: 

. 2 
perk do, 

2 2.2 
o =Da, oy 

+ 60,000 

2 4h 
+2 Edy 54 

The effect of the initial AGS alignment accuracy on the mean and standard 
deviation of the pordlune altitude for a hover abort was computed from the 
data available in the referenced document (inflight calibration error 
model). These results are shown on the attached figure. The initial AGS 
misalignment is the root sum square of the following: 

° PGNCS alignment accuracy 10 *3.43 min (Reference 2) . 

o  PGNCS gyro drift from previous alignment le ~ .03 deg/hr (Reference 2) 

© AGS to PONCS alipnment transfer 1c ¥ 1.3 min (Reference i) 

The mean, standard deviation, and probability that the hover abort 
perilune altitude is less than 30,000 feet (unsafe) wore obtained from 
the attached figure and standard statistics tables (assumed a normal 
distribution) for three alignment times of interest, and are tabulated 
below. 

Statistics for Hover Abort Perilune 

  

Total time AGS Align Perilune Perilune Probability Mean Minus 

for PGNCS Accurac; Altitude Altitude that R 3 Signa 

Drift (Hre) 9, (iatny Mean (ft) Signa (ft)  <30,080 (tt) 

@ 0.25 3.70 59,268. 7939. .00011 35,471. 
9.50 3.78 59,274. 8029. 00013 35,187. 

1.50 4.56 59,121. 8952, +00079 32,265. 

   



The statistics from the above table indicate that eliminating the 
PGNCS alignment during the Hohmann transfer _jincreases the probability 
of obtaining an unsafe perilune by 6.8 x 10% times the probability of 
a PONCS failure and decreases the mean minus three signa for the hover 
abort perilune by 3206 feet. These chnges are based upon the particular 
AGS error model available at the time the referenced analysie was performed, ° 
However, it appears reasonable to assume that the changes based upon_the 
current error model would be of the same order of magnitude, 4.6: 10 
for the probability and 3000 feet for the perilune. This small lose in AGS 
performance should be worth the operational gains of eliminating the PONCS 
alignment : 
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UNITED STATES GOVERNMENT 

Memorandum Se, a 
See list attached . para: Septesber 96, 1968 

68aPR = To20EA a 

PA/Chief, Apollo Data Priority Codrdination - / , 

SURJECT: Unusual procedure required for LM Ascent from the moon 

ane 

Jack Craven surprised us with a little jewel the other day during the 
Lunar Surfece Mission Tachniques meeting. He says that in order to 
enable the APS engine-on and staging commands from the LOG, it is 
necessary for the crew to depress (now get this) the Abort-Stage 
button! That is, depressing this button mat de pert of the standard 

countdown procedure to LM liftoff. er 

Alternately the crew can manually arm the engine which permite them 

to send the engine-on command manually, but it does not enable the 100 
signal. Furthermore, if they do this, it is necessary for the crev 

to aleo send the engine-cutoff signal mmelily since the signal from 

the LGC is inhibited. 
TO 

whe mdall, Jr. 

PAtHWTindall, Jr.tjs 
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Memorandum - et oes 
: . CO 

To + Bee Let attached PATE! Géptenber 25, 1968 , 
, 68ePA~T-207TA 

ynou ; PA/Chief, Apollo Data Priority Coordination 

suayact: Review of the Mission Techniques for Baturn V/Apollo Launch . 

Phase Aborts . . aod 

This memo ia to backup our phone cali notifying you of the review of 

the Saturn V/Apollo Launch Phase Abort Mission Techniques Document to. 

be held Thureday, October 3, 1968, at 1:60 p.m. in Building 4, Room 383. 

At that meeting we will throughly discuss the attached draft of that 

document, as it applies to the C' and D missions. Please bring it wita 

e you or give it to your representative since we have only a limited number 

‘ of copies. 

Howard W. Tindall, ud Sons 

Enclosure 

PA:HWTindall, Jr.tjs 

an 
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To : Bee list 

yroM : PA/Chief, Apollo Data Priority Coordination 
. 

{sumyect: ¢! Communication Loss 
— 

\ A lot of 

CG. Block data 

1 all of which are solely for that failure. I won't comment on whether 

\ or not it's worthwhile. It's too emotional an issue to even consider 
i eliminating it, r‘gardlees of how you feel. Therefore, by definition 

it's necessary to prezere for it. This memo is to report current sta- 
tus of thie effort. 

@ The spacecraft G&N is equipped to perform cis-lunar navigation. That 
is, determine its own position and velocity (state vectors) - primrily 
through use of star-horizon angle measurements. (Incidentally note that 
sextant trunion angle is the only observation used, an IM) is not required 
except to rssist in acquisition of the targets.) We ure told that at 
best the 
earth from cis-lunar space, Accordingly, if it 1s to be depended upon, 
it mist be operated in the best way possible, For example, it cannot 

be simply cranked up and used at the time its need is recognized = half 
way back 
starts back to earth, navigation must be initiated essentially aes if a 
communica 

and data 

through the transearth phase of the mission starting with star/lunar 
horizon observations within a couple of hours after TEI, This is nece 
essary, we're told, to condition the observation weighting functions « 
the so-nn 

properly. 
transmit 
computer 
course, 1 

vector slots, the crew will have to reset a flag bit to prevent reini- 
tinliza il 
einted af 

follow!ny communication loss in which the crew should utilize the onboard- 

may vem Gerrans 
00a Prten (a arm) tee 

UNITED STATES GOVERNMENT 

@ Memorandum 

a. Onboard eis-lunar navigation (P23) 

yo bd. Onboard return-to-earth targeting (P37) 

   

    

   
     

   
    

   
     

    

   
    

  

    

    
    

    

    

   

  

     
   

      

   

attached | BATES September 25, 1968 
6BaPA.Te2OEA 

    
work is going into the subject contingency © with respect to: 

  

onboard navigation is marginal for providing a safe return to 

from the moon. Rather than that, as soon ae the spacecraft 

tion failure has already occurred. Specifically, observations 
processing mist be carried out on a regularly scheduled basis 

lled Wemtrix = 50 that subsequent observations are processed 
In order to protect the Wematrix, Lt my be necessairy to 

the MCC-H/RTC? determined state vectors into the spa:ecraft 
memory loentions assigned to the LM state vector which, of 
re ununed on this flight. Or if uplinksd into the CJM atate 

on of the Wemtrix during the next period of navigation. Asao- 
th thia, there must be a miseion rule governing circumstances 

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

a



   
  

determined values rather than the old MSFN data transmitted before the 
failure. The point is, aside from obvious failure, there will be no wey 
for the crew to determine in-flight which set of state vectors is the 
better. Jim McPhersor's guys (MPAD) are determining this switchover 
point, which they expect to be about 20 houre out from the earth. Come 
munication losn after thi- poin! would mean to use the last MSFN data 
uplinked - enuse it'll he good enourh. Before that though, the crew 
would essentially fluch the MSFN and use their own navigation as a bests 
for mancuver tarpeting and entry guidance initialization. And - don't 
anyone «kid himself, For the crew (and everyone else too) to learn how 
to oper:te that sycter. is going to take a lot of time and effort. 

Somethinr else that's roing to absorb attention is the return-to-earth 
targeting program. It doesn't necessarily come out with the unswer you 
want aucomtically. Brlefly, it has two options and will compute a 
maneuve:: to either pet back-to-earth w'th the smallest possible maneuver 
minima: AV mode) or as fast_arc pors'}le uring @ crew apecif.ed AY 
min, time mode). The JT: point in nottontrolled in the computation 

and, if they want to r:turn to rome particular place - Like tic stips « 
the cres mist manunlly itemte, notin the predicted IP and arijusting AV 
until tiey are catisfil%T, TEP of the new, short mnge entry mde the 
tables of predicted entry rmingre In th: spneecraft computer program wrong 
aml fo he crew will hive to npply com. clases in this process. (We're 
determining whit they should he now.) Elther that or use the minimum Ay 
mode for corridor control only. This, of course, would usually be the 
preferred way to do It. I sucpeet. 

  

     

Another action item Jin McPherson picked up is 11 regard to defining the 
minimum nmount of time required to ure the onboard naviyntion, starting 
from cecntch., ‘The prollem here ls in determining what "Block Data" maneu- 
ver sha lJ be sent up vhile in earth orbit for the TLI + 4 hovr abort 
point. J think it Is :ossible to_provide 9 17 hour return to the prime 
recover: aren but if thit te not sa 7 r time navipate, target and 
execute an MCC onbonrd the spiccernft, 1) may be necessary to eqan extra 

scry 9 41 hour recurn - to land there, That poes apainst ia 
donsn't Jt, T the no-commnication logle led me! 

   

Incidentally, adh tenanclinor navipntion, as auch, han been deleted from 
the fteht pling  Besertlolly, all that in currently included are a series 
of obrervit tora), perioce to mther raw sextant etar/horizon data for post 
TLipht amilysic - particularly near the earth, which could not be obtained 

_ near the ond of the transearth lee when we want to concentrate on entry 
preparntions. 

Obviourly, we have n lct ov. thinking ahend of un, I just wmnt:d to give 
a little status report and a chance for you to tell us how stuoid we are, 
if you feel that way. 

    Oward W. Tindall, Jr. 

TASIWTindsdl, deetirc  



     

  

May 19m EDITION 
68 PPen (CPR) me 

UNITED STATES GOVERNMENT 

Memorandum 
See Lict attached DATE: 5, ber 24, 1968 

epten > - 

: _ 68-PA-T=205A 
: - PA/Chief, Apollo Data Priority Coordination 

suBJECT: Mission Techniques Documentation Schedule 

Here's another guess at when the Mission Techniques Documents 

will be out. You'll notice eight are scheduled for October (what 
a lot of paper that is!), which means they are just about ready 
now, 

This list reflects the change of emphasis to-the-lunar flight 
for c', The two new areas we HAQN'E done mich of anything about 

yet that are showing up now are C’ Data Selection and G Descent 
aborts. 

e@ Hovard W. Tindall, Jr. 

Enclosure 

PArHWhindall, Jr.tjs 

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



  

MISSION TECHNIQUES DOCUMENTATION SCHEDULE 
as of September 2h, 1968 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

SUBJECT JULY 24 EST, CURRENT EST. ACTUAL 

C Retrofire and Reentry Draft - - Dee 6, 1967 
Final - - Mar 6, 1968 

Update Aug 23 - Sept 6, 1968 
C Rendcezvour. Draft - - Apr 16, 1968 

Piml - - May 29, 1064 
Uplate Aug 12 - Aug Lo, 1s 

C Data Select (MCC-H/RICC) Dott July 29 - July 26, ides 
Fiunl Aug 1 - fept 16, 1.8 

€ SIB Launch Aborts Final - - July 22, 1963 

c'/c Farth Orbit & TLI Draft - - June 10, 19.8 
Final Aug 19 - Sept 4, 1968 

. Update : Oct 21 

c/o MCC, LOL Drift Sept le Omit 
Find Rov 4 Oct 28 

c'/S Tel Mec & Entry Dr tt Aur 12 - Aug 12, 1968 
Fired Sept 23 Oct 21 

on Seleet (MCC~H/RTCL) Final Dee 2 Nov 20 

G' SV Launch Aborts Final - Oct 1h 

D Retrofire and Reentry Final Sept 23 Oct 28 

D Rendvtvous Drift Aug 16 - Aug £9, 1908 
Final Sept 23 Oct 21 

G Detcent (Wake up to touch. Draft - - June 17, 1963 
town Final Aug 5 - Aug 23, 2968 

G MCC-H Powered Bescent, Dr et Sopt 23 Note 1 

Mont tering Final Oct 28 Note 1 

G famer Surface Drift - - “aly 22, 1968 
Flood Sept 16 Oct 7 

Co Powered Aneen: Dre ft Oct 7 Note 1 
Fined Nov 18 Note 1 

T Renleceyarne Dev *t Sept 22 Oct 28 
Fim. Oct 28 Deo 2 

G bese rt! Abort: 1 Det Oct P1 Nov oF _ Fooat Dec > Jan 13, 1950 

ROVE 2: Powered Deseent ars Ascent men’ torine bein, tmpiemented in tie MCC+H. RICC ic 
Tonite te tneplare 

@ SIVELY te eye ncom 
Voethin ae yf gear 

Pree es. ye thet 

reas 

evr. The 
iti “Lelie: ty but oat 

Teak 

‘isa prope al to modify this Proces or extene 

‘moa mont, 

cu stantial cort, 
dep adent on che outcome of "Lowetoao” ¢ 

awit 

The Misc on 

this



FROM : 

SUBJECT: 

Memorandum 
See list attached DATE: September 23, 1968 

68-PA-Te203A 
PA/Chief, Apollo Data Priority Coordination 

D Rendezvous Ground Rules and Working Agreements update 

Attached are the ground rules end working egreements 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 mneuver" plue a bunch of things ve 
were able to delete. As noted in my last report of this subject, 
the most significant open item ia the selection of the nominal TPI 
time and definition of the acceptable lighting conditions for it - 
i.e., its "window", Based on the studies underway, the procedures 
will have to be adjusted to assure meeting the constraints after 
they are defined and put in order of priority. 

And - of course, we've gotta get that rendezvous radar thermal mickey 
mouse fixed! Other action items I failed to list previously are as 
follows: 

a. The AGS people of TRW were asked to recommend the proper 
technique for managing the AGS in the event the PONCS has failed and 
the CSM mikes maneuvere aince it has no program comparable to the 
PGNCS "Target Av" R32, 

bd. FCD was asked to determine the latest time the EB memory could 
be dumped providing the MCC-H sufficient time to respond in its check~ 
out and correction, if necessary. 

ec. GCD was asked to determine which CSM RCS thruster should be 
used for the RCS Sepration burn (i.e., -2 or x) « or at least which 
would cost less RCS propellant, taking into account the altitude maneu- 
vers an] altitude hold required in each case. 

ad. MIT was asked to looi: into reducing the time required for observ. 
ing the PIPA's in their vias test to less than the current 256 seconds, 

I guess we'll get together again sometime. We haven't scheduled that 
Meeting yet. Weare planring te get a smaller group together to review 
the revised D Rendezvous Mission on October 4, 1968, 

— 

hit 
Howard W. Tindall, Jr. 

Enclosure 

PA:HWTindall, Jr.:js 

Bay U.S. Savings Sonds Regularly on the Payroll Savings Plan 
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Septenber 12, 1968 

“p" MISSION REXDEZVOUS GROUND RULES, WORKING AGREEMENTS 

AND THINGS LIKE THAT 

1. General 

a. The reference trajecto,y is thet provided by MPAD, dated August 22, 

1968, ant as amplified in Appendix I. 

bd. Nomenclature for the burn sequence following undocking is: 

(1) RCS Sepration . 

(2) Phasing 

(3) TPE, - If abort from football 

(4) Insertion 

(5) csi 

(6) CDH 

(7) TPI 

(8) TPF 

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

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

is 180°, A 190° roll will be performed by the CSM immediately prior to or 

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

above will be initiated "heads down” and TFPI from below will be initiated 

“heads up” for either vehicle.) 

d. UM and CSM state vectors tim tagged 12 minutes before RCS Sepration 

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

sent to either vehicle again during the rendezvous. 

e. On both sprcecraft all rendezvous navigation will be carried out to 

update the LM state vector. That ic, the LM radar deta would be used to 

update the LM stnte wector in the Loc and the CSM sextant data would be used 

to update the LM state vector in the CMC.  



        

        

    
      
      

  

f.    On both spacecreft the rendezvous navigation W-matrix will be set to 

1000 feet ani 1 fpe initially end whenever it is reinttielized periodically 

during the rendervous. 

ge. The C's LM state vector vill be updated after each LM aneuver 

with the P-76 Target Ay routine using the pre-burn values ae determined in 

the LM's pre-thrust program 

h.    The AGS should be maintained in that state which mkes it moet useful 

      
   

   

  

    

          

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

estebdlished the preferred techniques in eccortance with that ground rule, it 

is possible to include some AOS syetema 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 PONCS is e 

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

committed to mike the next mineuver using the POMS except perhaps TPI. 

J. AGC alignments vill be made each time the PONCS is realigned and 

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

k. If PONCS, RR, or GAN fails while in the football trajectory, the 

rendezvous exercise is terminated at the TPI, opportunity. 

1. The AGS is not mndatory for the rendezvous exercise, That te, if it 

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

m. As soon as possible after powering up the LOC, the £ memory will be 

dumped via T/M so that the MCC-H my check its contents for completeness 

and accuracy. If necessary, the MCC-H will reload via uplink any important 

parameters fcund to be in error. 

2. Prior to Uniocking e@ 

a. The crew will synchreniza the CMC clock as precisely as possible utilis« 

ing informatior voiced from the ground. The crew will provide initial synchro.    



    

nization of the LOC to the CNC clock. ‘The ground will provide the necessary 

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

supercedes the mission rule which specifies resynchronization of a space 

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

than 0.5 seconds. 

b. The LM Rendezvous REFSMM&T is that of e “nominal” alignment for 

T (align) © TIG (TPT). It will oe uplinked from the ground, 

CG. The CSM Rendezvous REFSWOAT fs defined by a stable member orientation 

wheres 

X con = FM 

Y com « Y iM 

Z com = -X 1M 

a. 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 approximtely 190, 0, 0, (roll, pitch, yaw) with respect 

to the local vertical frane at the tine of the RCS Separation. The difference 

between the exact local vertical attitude and 190, 0, 0 is due to the regression 

of the line of mdes from TIG (RCS Separation) to TIG (TFPI), ami the fact 

tha: the CSM REFSMMAT is nominal at TPI. 

e. The only In-flight adjustment of the LOC PIPA bies compensation 

parnmeters included in the nominal flight plan shall be done hy the crew while 

docked to the CSM, The values will be upinated regardless of how emll the 

change. (i.¢., there is no lever threshold) The crew will inform the MCC-H 

of the new valucr at the hext MIFN ctation contact possible, The MCC-H will 

continually monitor the IMU performance am! will advise and aseist in additional 

updates if the compensation becomes in error by more than a specifiled threshold, 

Currently this threshold te set at .003 ft./sec.*,  



    

f. An AGB accelerometer calibration shall be performed while docked at 

about tne same time as the PIPA compensation. ‘This will be the only AGS 

accelerometer ealt>ration in the nominal flight plan. AGS gyro calibration 

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

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

Sepration attitude, the LM IMJ will be aligned to the CSM IMY 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 Ag peing taken) 

to coarse align the LM IMJ to the inertial frame. The CSM end LM gimbal angles 

are then compared directly (via VL6N2O) and coarse align end attitude dead 

banding errors sre removed by direct torquing of the LM IMJ gyros via the 

fine align routine (V42). It 1s 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 forma used for docked alignments with identical REFSMMATS is: 

OGA, 4 = (300 + Ag) -o0.y 

TGA, y * IGA, + 150 

MAL y = MA, 

where Ad is the docking ring angle. 

1. The forma used for docked allgnment where the stable members are 

oriented:  



OGA, 4, = (300 +A) - OGhy 

TOA, * Try * 9° 

MAL y . MA ny = 0 

This is a special formila only valid where the (M MOA = 0. This set of 

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

verification is given in MIT/IL Apollo GaN System Test Group Memo No. 1224, | 

dated August © ,1968. This reference notes there is a possible error in 

the sien of the Ag tem.) 

3. Undocking, station keeping and LM inspection 

a. Undocking will take place “' mimites prior to the RCS Sepration burn 

with the CSM ortented to the Inertial attitude for that burn. Average G will 

not te on in elther vehicle during the uniecking 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. 

bd. Following undocking, the COM will maintain attitude and will be 

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

o0° pincine the two spacreraft “nore-to-nose." (crewmen “"nose-to-nose") 

ce. The LM will yaw through 260° (1°/sec) permitting the CSM to conduct 

a vinunal inspection of the landing rear and LM atructure, 

de After completion of 3c, the LM assumes the station kecping task while 

the COM prepares for RCS Separation. 

kh, RCS Seprition and Mini-footbill 

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

be LM leading the CSM, both heais down facing ench other with zero relative 

velocity. (Orbit mte FDAI's - LM: 9, 190, 0 § CSM: 180, 0, 0), (FDAL 

u
w
 

  
 



  

total attitude is read in the order roll, pitch, yaw; IMJ gimbel angles ere 

rzad in the order outer, inner, middie). 

bd. The CSM will execute a 5 fpe radial inward burn for the RCS 

Separation burns 4.e., the CSM will 5 fpe -% (body). This burn will 

employ the P-30, P-l1 sequence. IM uses R-32 to update CSM state vector in 

the tcc. The Av residuals will be trimmed to within 0.2 fps, all components. 

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

perform REFSMMAT IMJ alignments. 

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

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

5. Phasing Maneuver and Football 

a. ‘The magnitude of the phasing burn is always re-established inflight. j @ 

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

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

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

Log and left there until auto-cutoff. 

c. ‘he horizon is used as a burn attitude check prior to the phasing 

burn when AGS fe under control. ‘The crew determines the LPD pitch angle for | 

thla check. 

ad. Pharning burn monitoring 

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

the burn. 

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

Pones "engine off time” is indicated. 

e. Upon completion of the burn, the LM shall be oriented with X-axis @ 

vertical and the y and 2 body axis Av reniduale will be trimmed to sero, 
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the x body Av residual will be trimmed to within 2 fps to maintain Mh with 

1/4 mile. 

f. While in the football, both vehicles will exercise their complete 

rendezvous navigation systems and will update the IM state vectors in the 

toc 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 PoNcs 

and CSM G&N, providing confidence in proceeding with the Insertion maneuver. 

As noted previously, these onboard determined stnte 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 

prior to executing Trl, or the Insertion burn, the same procedures will be 

followed as during the initial football revolution. 

6. TPI, 

a. IF PGNCS, rendezvous radar, or CSM C&N fails prior to insertion but 

after phasing, TPL, 4a performed. As a standard operating procedure during 

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

to vxecute the TPI if an abort is necessary. If the failure is LM PONCS, 

ASS is ured for executing TPI. A 130° trans‘er angle shall be used for 

aborts from the football rerdesvoun, But stared or unntaged, 

7. Tnnertion Maneuver 

a. MCC-H will compute and target the LM PONCS for the Insertion maneuver 

in real time. External Av tarreting will be used, transmitted via the P27 

uplink route If the time’ ine vermita. Volce Tackip (pad data) will always be 

relayed. 

  

b. The CSM will also be targeted to mike a maneuver to muard against a 

parting LM DPS burn falling outalde the enpability of the LM RCE te correct.  



  

This maneuver will probably be fixed preflight (for example ~ 20 fps, 

horizontal, posigrade) which would permit the LM to return to a football 

by RCS. 

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

engine failure to start, the IM will remove that Av 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 254 minutes before sunrise. TPI time is defined as the time 

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

as observed by the LM is 27.5° (see 9b). 

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

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

spacecraft = for PGNCS comparison, AGS targeting, and CSM G&N mirror image 

targeting, ete. It shall be that solution which is most compatible with 

the PONCS. Some biases will be necessary for use in the CSM G&N. 

c. A8 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 Ay component of the CDH maneuver relayed to the CSM from the MCC-H 

by an amount established pre-flight (probebly 4.3 fps). No other Ay 

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 ina "nominal" TPI time ehift, it is necessary 

to bias the TPL time the LM crew inputs to that program 120 seconds late. The 

a
!



    

          

   

    

   
   
   

    

   
    

  

      
     
       

  

       

crew shall bias CDH time 110 seconds later than determined by the PGNCS CSI « 

targeting progran (P32) ‘when sequencing through the CDH target!ng program 

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

radial component if uncorrected. 

e. An out-of-plane Ay component will be computed by the LM Purcs for 

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

less than 2 fps. Thic Av component will ve included in the LGC/MSFC solu- 

tion comparison. 

f. LM PoNcs Av solv.ctona will be compared with the ground. If the 

solutions agree, the PGNCS solution will be Surned. 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 MSFN solution as a standard 

procedure. The external Ay mode is used. No Av components of either the \ 

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

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

4. There will not be any backup charts used for CSI. The LM shall 

have backup charts for CDH and TPL. 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 

min engine failure, the IM will remove that AV to mintain correct target- 

ing of the COM mirror image burn,



         

    

   

  

   
   
   
   

   
   

  

   

    
   
      

  

   
   

  

   

    

TrI 

[NOTE: Some of the following items (e.g., 9a and 9c) which involve 

9. 

lighting constraints have not been established as being right, since they 

are based on an assumption that lighting is not mandatory. In fact, the 

lighting ts currently considered mandstory under certain circumstances. 

These items are included here to draw attention to this extremely important 

matter. It is ali to be resolved as soon af results of analysis to 

determine firm lighting requirements and expected TPI time dispersions 

are available. Consideration is being given to shifting to the P3h 

TPL "time option” from the "elevation opticn” if necessary to force 

TPT to occur within +he window. This business also has implications 

on Od regarding the CSM procedures and the MCC-H solutions transmitted 

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

in the nominal TPI time noted in 8a.) . 

a. Although studics have shown that if TPI time falls outside a 

window of approximtely four mimutes duration undesirable lighting 

conditions will result for one or both apacecraft, it has been established 

that 1t is more important to execute TPI at the proper 2levation angle 

than to honor lighting constraints ‘n terminal phase. That is, lighting 

constraints are desirable but not mandetory. Nominal TPI elevation 

angle is mndatory. (See note above) 

b. The elevation angle to be used in the TPI targeting programs 

(P34) in both spacecraft shall be 27.5° for ali rendezvous, A 130° 

transfer angle will be used for all rendezvoue. 

ce. The IM shall always use the elevation angle option in P34 for TPI 

targeting. (See nete above) |



  

ad. ‘he CSM shall a*ways use the elevation angle option in P34 for TPI 

targeting whenever it becomes the active vehicle. Therefore, the first 

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

however, if the LM TPI solution is determined to be acceptable by com- 

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

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

e. PI shall be targeted onboard and at MCC-H to force a node at TPF 

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

message) in both External Av and line-of-sight components. 

f. If the LM PONCS 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 

mideourse correction maneuvers and the LM does the braking muneuver if 

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

ite TPIT solution with the MSFN and that comparison wust be favorable. (If 

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

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

atate vector in tho LGC using the target Av program. 

@. If the LM PONCS has failed, but the RR is working, compare the 

onboard chart solution for TPI with the MSFN, If the comparison is favorable 

execute the chart solution and, if not, use the MSFN Av's executed at a 

tlme determined onboard the epacecraft, The maneuver would be made using 

the Aga externa2 AV mode. 

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

execute the MSFN TPT solution given in LOS corrdinates at the time at which 

the elevation angle is 27.5° asp determined onboard the spacecraft, 

 



       

   
   

   

4. If tae CSM performs the TPI maneuver, RCS will be used rather 

than SPS 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.



   

    
   
   

  

   

  

   

        

   

   

   

      

    

    

        

   
   

      
        

    

    

UNITED STATES GOVERNMENT Pern tenet Cesc tt Reatee 

oe cera g te tmechad Dotson 

Memorandum 

TO =: «=PA/Chief, Apollo Data Priority Coordination DATE: September 17, 1968 

rnom : FM6/Chief, Orbital Mission Anslysie Branch 

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

1. Ag a result of the recent change in the rendezvous profile for 
mission D, formal documentation does not currently exist hich provides 

the trajectory information required fcr rendesvous-associated analyses. 

The CMAB was requested in the "D” Rendezv-us Mission Techniques meet- 
ing of September 9 to define whi-h, of the existing reference trajece 

tories, should be utilized for interix enalyses, software testing, and 

flight crew support prior to the publication of the operational trajec- 

tory (currently schedulei for publicaticn November 15, 1968). The CMAB 
recommends that the document, "Revision 2 te the Apollo Mission D 

e@ 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 28:42:44.7 (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 js, the rela- 

tive position and velocity at 96:42:44.7 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.¢.ts 

Undocking 92245100 

Mini-footbeall separation 43201145 

Phasing 93:46:07 

Insertion 95337249 

cst ~ 96:18:45 

. CoH 97101133 

TPL 97:54:51 

TPP 98:26:49 

APPENDIX I 

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

 



   
2. The flight crew is currently performing rendesvoun similations 
based upon the mission D reference trajectory (April 30, 1968). By 
starting similations at the 9:55:10 reset point, performing CSI at 
the time reflected in this dncunent (96:5211%), and using es a nom 
inal TPT 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 Az of 10 n. mi. and © time between CLE 
and TPI of approximately 53 minutes vould result. This procedure is 
recommended for future simulations until the rest pointes are updated 
to reflect the operational trajectory. 

Af Codes, 
Orbditel Mission Analysis Branch 

   



   
yom; Ta/Chief, Apollo Date Pricrity Coordination 

  
  

To 18ee list attached 

|. SUBJECT: G Rendezvous Mission Techniques 

If you can stand it, I would like to announce another change in the G 
mission lunar rendezvous timeline. In order to provide more tracking 
which will hopefully improve C8I targeting end to avoid bothersone 
renl time variations of time between CSI end CDN which foul up tne 
Plane change scheduling, we propose: 

#, Move CSI five mimtes leter « to 55 mimtes after insertion 
which is nominal apogee. This is primarily to avoid a rather large 
radial Av at crn. 

be Always schedule CDH ore half # revolution (180°) after CSI. 

¢. Schedule plane changes 30 mimates prior to CDH and at CDH, 
as before. The IM should use the Z-exis RCS LM thrusts for the CDH 
maneuver (by yawing if necessary) to avoid losing RR acquisition, - 

d. The LM may include a plane change at CSI if the CSN hes 
adequate sextant tracking for targeting it. Rendezvous radar only is 
not considered adequate. 4 

The new timeline looks like this: 

55 . ee + 
5 vw we 2 i a THS 
INS. csi P.Ce CON & F.C. TI 

The only disadvantage we currently see is that it reduces the time between © 
CDH and TPI to about 33 minutes. Hovever, 33 mimites should be adequate 
even with dispersions end the aivantages of a relatively fixed mneuver 
achedule and better navigntion tefore CSI seem well worth {t. It should 
ve noted that @ (hopefully small) chenge in the CSI targeting Prograge 
(P32 nnd P(2) would be required to force the computer to use the 180 
opacing between CSI and CDH. This can be done in either of tvo ways. Cur - 
preference would be to provide the crew control probably by modifying the ° 
second P32 DSKY display fo mat to utilize the third register which ts 
currently blank as option code. [The other tvo displays in this format 
are apoidal crossing (N) ond TPL elevation angle (Z).] The simpller but 

Buy U.S. Suvings iewds Regularly ow the Payroll Savings Plan  



  

    

less flexible way of doing this Job is to increase the magnitude of the 

ter currently stored in fixed memory which ie used in the CSI R 

test, which forces the logic to use a 180° transfer when the pre-Col . 

orbit is found to be essentially circular and apeidal crossings become 

iliedefined. BA Lineberry will subsit a Per for this, 

_ Several action items came out of our meeting as follovs: 

. a. MPAD - It is necessary to develop a rule governing the use of the 

VHF data in the event no sextant date is vetng obtained, It is our under- 

standing that VHF data by itself is not only inadequate, but could actually 

degrade the processing. If this is so, ve need to establish procedures 

whereby the crew inhibits VHP into the GC vhen sextant deta is not avail- 

able. 

1 . 

v. MPAD ~ It is our proposal that the C8M be the prime source of 

targeting the plane change maneuver regardless of which spacecraft 

executes it. This is because the sextant is potentially more accurate 

than the rendezvous radar for this particular purpose. -Bere again a 

rule is needed to define how mich sextant data is needed to target the 

plane change maneuver as opposed to using the rendezvous radar solution. 

¢. MPAD + We came to the conclusion at the last meeting that it we 

@ not possible to usé the same maneuver solution for C8M mirror imege 

targeting as the LM uses for burn execution. This meant the crew would 

have to cycle through two programs rather than just one. On further 

thought, it seems as though we can avoid this extra complexity, which 

is really rather serious. I am sure we can for the CDH burn end it 

seems probable that something can De done for the CSI burn too, particu- 

Jarly since it's constrained to be horizontal. Accordingly, we have 

requested OMAB to re-examine this procedure to see if we can't clean 

it up. We mst also determine whether one minute delay in the mirror 

imee targeting is really a requirement since these are RCS burns and 

problems at TIG don't appear to be too likely. 

G. ASPO - Milt Contella repeated a rumor thet the rendezvour redar 

my have random error in the shift angle measurement when the line-of@ 

night from LM to CSM is close te the lunar surface. We must find out what 

the true situation ie as quickly es possible and start fipuring out some 

workaround procedure to be added to all the other ones. 

Odda_ and Ends 

We nre assuming that the CSM will backup the IM CSI and CDH maneuvers 

ustng the BPS; it te probable, however, as on the D mission, that it 

will backup TPE with RCS. We have also concluded that the CSM should ee 

 



  

4 

not backup the plane change since thet requires yewing out-of-plane ani 
disrupts tracking between CSI and COR. Of course, if it is known that 
the IM will not be able to perform the plane change maneuver, the Cex 
will do it at that time, If the LM and COM doth full to perform the 
Plane change 30 minutes before CDM, the CDM plane change will force the 
node near TPI and so in that event the plane change will be taken out 
during the TPT burn targeted with R-36 to force a new node 90° after 
TPI time. This, of course, is a deperture from the nominal TPY plan 
which calls for forcing the node at intercept (TPF). 

W. Tindall, Jr. 

That's it! 

PAIHWTindall, Jroijo 
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Bee list below - DATE! September 23, 1968 

¥u/Deputy Chief : . 

Resulta of Beptenber 17 Apollo Spacecraft Software Configuration 

Control Board (ASSCCR) meeting 

the first three hours of this mrathon mrcting vere devoted to imple- 

mentation of the deacent program in LUMIRARY. The currently approved 

plan fo to implement the one-phase deacent scheme proposed by Floyd 

Bennett and his merry crew. ovever, JOT ho been directed to implement 

it in such » way that it would be possible to fly the old two-phase 

technique - if desired. Almost niki effort is to be devoted to the 

one-phase technique with only one day's vorth of testing included 

for th. two-phase = and no design irgroverents are to be developed 

or included in the two-phire. What this really mano ia that at the 

cont of ore day's worth of tenting wo have provided some chenp Insure 

ance for being able to change bck Inter If ve tv.ve to. If the deciaion 

were mide to une the two-plise, a considerable amount of additional 

testing would be required and at that time, propran deficiencies might be 

uncovered revealing that that capability does not renlly exist. 

Severul things tint interested me about the new one-phase are: 

Le. The deesaton of which wny to co = one or two-phase ia mde 

pre-flight and an option flag in set in erasible merory before launch, 

2. The much smoother attitule time history of the one-phase schene 

my very well perwit the Drm trim gimbal to do all the nteering , substan= 

tindly reducing RCS usage. 

3. wT in providing a crew option via the DSKy for mnunlly changing 

from P63 to POL in the event they want to do that earlier than the auto- 

mitic evitch. 

h. High-cate fs now being defined as the time at which the landing 

radar position in chanced. = ‘ 

HEAD han uutmitted a Procram Chance Request (TOR P49) to eliminete a 

Jock-out of the landing radar dati above 35,000 feet (eatimted altitude). 

Jhin wn a tvo part change since it is necesnary to fix a program to 

allow the dante to be read and also neeerrury to chance the weighting 

function euch that data above 35,000 fect Ja rot given a zero influence    



  

     on the ntnte vector, Binee the proponed change wae estimted to cont 
three days schedule impact, Floyd Rennett was requested to revrite his 
FCR to simplify the requirement while achieving the same end results. 
Essentially, it amounted tc replacing the 35,000 foot boundary with a 
50,000 foot boundary. In addition, it is necessary that I verify that 
the rendezvous radar powered flight designate routine (R29) can be 
eliminated as a requirement and thus be mde uncallable from the descent 
programa, Subsequent to the meeting I did that and have informed FSD. 

Guidance and Control Division brought in two TOR's (Ros. 27h and PhS) 
which influence the procecatng of the landing radar data. One changed 
the reasonability tents and the other provided a delay in utilising 
Janding radar data for four sceonds after the GC receives a "date 
good" discrete because it takes that long for the Innding radar output 
to converge on the truc vnlur after lock-on. Poth were apmoved at a 
cost of ono day ench. 

MIT wan requested to determine the impict of changing the descent progran 
such that it would be poreible for the crew to commnd all four RCS jets 
in the minus X direction tmmedintely upon touchdown {1 order to smoosh 
the LM into the lunar surface ant keep it from turning ever while the 

PIG belches to a stop, Ain't thet the damner’ thing you ever heard? 

Flight Crew Gupport Diviston presented a prope-al to modify Cofousus 37 
to permit the erew to minuelly stoor th TLT Larn in the event of a 

SIVB IU futlure, No action wild te teahen on this until the technique 
is approved by Mr. Tow's CCR. 

A really ancient FOR, No. 132, submitted by the ercw to provide a VIF 
ranging data food dincrete light, wis finally dfsepproved cince the 

omeceraft will not be mdified to provide the additional DSKY lights 
vhich vould hive been used for this. 

Tom Grbson presented thelr proporcnl, which was approved, for the follow. 
on spreeeroft preeram. A nosenlied COMGESUS I Mod A will be prepured, 
which in bunteally the COLOCSUS I program with all known anomalies 
corrected plus the follow! ny, three nimple program Improvemntss 

1. TRY pulse torquing 

2. Rackup integration 

3. An Improvement on the mirk fpcorporntion 

It ie planned th t a taps celenee of thin progrnta will eecur on December 
1, at which thee mlsrton op rattons testing (Revel 6) can be atarted 
along with rope minufneture, This program will be used for the D minsions 

Bam
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A COLOSSUS II program is alro now being developed which starts from the 

COLOCSUS I Mod A buneline to which esi/opit will be added. I suppore it 

will also include anomlies uncovered too late for the Mod A version. 

MIT'a estimte of tapo release for this program ie February 1, 1969. 

It is felt that this program can protatly be mde ready for Spacecraft 

106 = that is, the flight after D, whatever that is. VII ranging, 

ineldentally, should also be available on spneccraft 106. 

Howard W. Tindall, Jr. 

Addressecs: 

FM/J. P. Myer 
Cc. R. Huss 
D. H. Owen 

¥m13/R. P. Purten 
J. Re Guriey 4 
RK. Db. Murrah 

M. Collins 

my /P. T. Pixley 
R. T. Savely 

yi5/R. FE. Rrnvll 
ru5/i. D. Beck 
yM6/k. Re Recelbrugce 

K. A. Young 

rut/s. P. Monn 
R. 0. Nobles 

FM/Branch Chiefs. 

trv /ionston/R. J. Poudrenn 

MIT/1J.,/M. W. Johnston 

FM:HWTIrdall, drei 

  
 



UNITED STATES GOVERNMENT 

Memorandum 
To : Bee list attached 

    
DATE: September 20, 1963 
68-PA-T-200A yrom : PA/Chief, Apollo Data Prior‘ty Coordination 

supyecr; C’ Transearth Midcourse Correction (MCC) end Entry Miasion Techniques 

On September 13, we conducted a review of the Transearth MCC and Entry Minsion Techniques for a lunar mission. 
for an F or G type misaaion, the discunsst 

Although, originally developed 
On was almort completely devoted to C'. Participation included nll interested MBC ormnizations (including the C' flight crev) as well as representatives from North American, MIT, and Belleorm. Some fairly significant decisions vere made, which it is the purpose of this memo to report. 

1. Previous to the menting sn agreesent had been reached by 
Mr. C. C. Kraft and the flight crew that on the ct mission a non-skip reentry would nominally be util'zed. It was noted, however, that in SNortiizency situation the full 2,500 mile reentry range might be needed for weather avoidance ani, therefore, ‘he capabliity was to be retained. At our meeting we determined 
was really not a useful Capability arc 9 

a. All work shoul! be oriented 

trat the full 2,500 mile range 
re recommending: 

to provide capability of re. -entering with rangen limited frem 1200 to 1800 nautical miles. (Based on these limits the GNCS should never en ter reentry P66.) 

b. The ureful operational footprint nominally is 1200 to 1450 mutionl miler. (Similations currently underway are expected to permit extending th's to 1550 or 1600 nautien2 miler.) The normi reentry rance for targeting and ship location purposes (1.¢,, PIA I) shall ie 135c nouttcal miles (which, if tlown would Preclude use of P65), 

Ce PIA ? tr defined ar 4 Continrency aren and will he lested at noyanee of LAO nautionL milan, PLA 2 
Wndceptabte for nome reseon an! the cM 
to renen PLA” the Uday rutle, the erew w 

{11 never be used unlen:. MA Tis 
Is vorking. If turiny btrompt 

{ll sly a constant 6 -eentry until nerodynamie eapture Ie accured und then will fly maximur Tangn to get as clore to ILA 2 as poralble. 

2. It seems lorical that ntl Systems tests, crew training, procedure development, ete. be Limited to the above defined capability - that is, no atfort should he devotet to preparing 
2000 mautionl miler, as least for the ¢c! 

Hav U.S. Savengs Bonds Keewlarly on   
for entry ranges grenter than 
mineion. 

tie Payroll Savings Plan  



  

  

3. Consistant with tne short range reentry, it was decided at the 

meeting to eliminate the previously nominal, shallow entry target line. 

Subsequently it was decided to modify this decision to apply only to 

entries at velocity greater than some value to be established by C. Graves, 

J. Harpold, and Co. Essentially it applies to the nominal lunar flight 

and aborts performed’ some time afler TLI. Henceforth, MCC-H maneuver 

tarreting will be based on aiming for the steep targe§ line, previously 

only utilized for contingencies which provide a half flight path angie 

at the entry interface. Une of this steep tareet line ts considered to 

be compatible w.th a short. ranre reentry and constraining targeting to 

it will sudstantially simplify flight controller and crew procedures. 

4, The activity essocinted with GM/CM separation was throughly 
discussed and was finnlly combined with the pre-entry spacecraft attitude, 

horizon check. For the first time it appears we have an ogreement on 

the timeline and crew procedure: including manarement of the CMC for ali 

this pre-entry activity. The separution pitch attitude has been defined 

as being the same as the horizon attitude check and yaw is 45° out-of~ 

plane. Sepration studien shoul! be carried out, if they have not already 

heen completed, to verify sccepladility of this decision - not to optimize 

Lt. 

5, Previously it had been proposed that the EMS would be started 

manually at the MCC-H computed time of .0! gts because it was erroncously 

felt that the EMS Rance-to-Go d'splay could be made substantially more 

accurate by following this proc ‘ure. At this meeting the decision was 

reversed and it is now recommen ed that the EMS be started automatically 

with crew backup after a reason ble time delay, currently three seconds. 

6, Two decisions were reached regarding the Transearth Inject ior: 

(TRI) maneuver, 

rn, ‘The eriterta for switching over from GNCS to SCS will] be 

bared on providing » subsequent trajectory in which the MCC's do not 

exceed the remalning RCS capability. 

bh. The only Av residuol requiring trimming at THI cutoff oi 

the xenxts and Lt should only te: trimmed to within 2 fpn. 

t. Thowin apreedt thet all transearth Me, Including the ret, would 

he performed for eoreidor contrel only, unless tt te determined in road 

time thit the predi¢ted Innding point ts unacceptable for some reason 

(c.f, inacceptable weather or Land misses within the footpriit or in the 

PLA >, or excessive return to bise staging time). It was staced that if 

a mneuver is required to relocite the landing point for reasons such as 

noted above, the moneuver will be made large enough to provide acceptable 

 



  

landing conditions in the entire PLA I footprint and at PLA 2. Wherever 

possible, of course, the recovery ships will be removed to a new location 

consistant witu a 1350 nautical mile entry range. 

9. Incidentally, it appears that Lt will be decided to fly the c 

misnion with the GNCS up and operating continuously, if power permits. 

I understand MIT will endorse this as being preferable from an overall 

reliability standpoint. 

10, The Ct Mission Techniques Document shall be updated to conform 

with these changes and decisionr. 

  

PA:HWTindall, Jr.ijs 
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UNITED STATES GOVERNMENT 

Memorandum , 
See list below DATR: SEP 4 1968 

68-PA-T-190A 

Pa/Chief, Apollo Data Priovity Coordination 

Should LM RCS jet #10 be disabled for the “D" mission docked 
DPS burn? 

The following paragraph is extracted from MIT's Spacecraft Autopilot 
Development Memo #11-68, dated July 2h, 196H, by William 8. Widnell. 

"In the docked configuration jet #10 produces such little torque, 
that it may be advantageous to disable this det (with notice to the 
LGC). The DAP will perform hetter because the estimated accelerntion 
wlll agree more closely with the actual acceleration, Asa result 
there will be less bending exitation. Also, jet #10 would not be 
wasting RCS fuel and would not Ve heating the descent stage." 

Is the recommendation being incorporated in the docked DPS burn 
procedure on the "D" mission, or shouldn't it bet 

Howard W. Tindall, Jr. 

Addressees: 
CB/J. A. McDivitt 
cF/W. J. North 
creh/P. Kramer 
£023/K. J. Cox 
FCS/H. D. Reed 
FSS/T. F. Gibson, dr. 
FM13/A. Nathan 
rMt/s. P. Mann 
MIT/N. W. Johnaton 

PASHWTi niall, Jretja 
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e UNITED STATES GOVERNMENT 

Memorandum | . 
TO =: See liet attached pare; AUG 8 1968 - 

68-PA-T-186A . 

  

From : PA/Chief, Apollo Data Priority Coordination 

susjecT: Correction to memorandum 

Please destroy the cover page of memorandum 68-PA-T-172A, dated 

duly 26, 1968 and replace it with the attached corrected copy. 

foward W. Tindall, dr. 

Enclosure 

      Bay U.S, Savings Bends Regularly on the Payroll Savings Plan 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached 

PA/Chief, Apollo Data Priority Coordination 

Propulsion system to de used on the "D" Nission Rendezvous CSI Maneuver 

One of the planned rendezvous maneuvers (CSI,) on the "D" mission is nominally zero, Since it ia intended to mike this maneuver based on the real time situation, some logic mit 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 CST, maneuver is less than 1* Pps, the maneuver will not be executed at all. If the maneuver is greater than 1 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 ts to avoid losing rendezvous radar lock. This means, of course, that the maneuver may be executed in either + X direction with equal prevabdility,   Tre 6 fps upper limit ts necessary in order to conserve RCS propellant as vell as to remain within Jet impingement constraints, If the CSI, ia in excess of 6 fps, the DPS will be used at 10% thruat (even though rendezvous radar lock my be lost). 

There was concern about using the DPS to carry out small maneuvers from the standpoint of how 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 tnto this and has determined that the Propulsion people intend to adopt the following DPS constraint for the "D" mission: the DPS may be used provided at least 30 minutes has elapsed since the previous burn, no matter how short is was. In other words, we have no problem there, It has also veen deter. mined that the PGITS does not limit us either, Although the DPS thrust program (PAO) does not have short burn logic like the SPS and APS prograns have, including start up and teil off Characteristics, it is capable of 

  

* I selected these values to illustrate the point. They're probably not Tar off, MPAD is in the procese of determining the proper valugs, OMAB = the first based on rendezvous Considerations; GaPR = the second baced on engine characteristics and consumables, (Task assignments are needed, ) ~ 
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handling the task. Just before igniting the engine, the PONCS determines 
the duration of the burn required to achieve the desired AV, assuming the 
engine will operate at a constant 10% level for the entire period. This, 
cf course, {s not an accurate assumption.) If the burn duration is less 
than six seconds, as it certainly would be for CSIy, the PONCS would com- 
mand a timed burn, It will simply turn on the engine for the duration 
of time computed and then will tur. it off regardless of the AV obtained. 
Orderinarly, this will result in an underbdurn since the slow thrust build 
up characteristics would not be compensated completely by the tail off. 
The difference should be well within trim capability, though. 

Of course, {f CSI; turns out to be as big as 6 fps it's bad news! Somes 
thing is not working right, the implications of which may make all this 
unnecessary. However, it ia interesting to know that there is a capability 

to mike maneuvers of any size, 

    

PAsHWTindall, Jretjs



  

@ aarve Sites covernwenr 
Memorandum 

To : PA/Manager, Apollo Spacecraft Program pars: AUG 1 1968 
68-PA-T-183A — 

FROM : pa/chief, Apollo Data Priority Cocrdination 

suayect; LM rendezvous radar is essentiel 

~~ 

} A rather unbelievable proposal has been bouncing around letely. 
| Because it is seriously ascribed to a high ranking official, MSC 

/ and GAEC are both on the verge of initiating activities - feasibility 

/ studies, procedures development, etc, « in accord with it. Since 
/ effort like that is at a premium, I thought I'd write this note in 

: hopes you could proclaim it to be a false alarm or if not, to make it 
{ one. The rmtter to which I refer is the possibility of deleting the 

en ce ree ee 
\ rendezvous radar from the LM. een, 

  

The first thing that comes to mind, although not perhaps the most 
important, is that the uproar from the astronaut office will be 

e@ fantastic - and I'll join in with my small voice too, for the follow. 
ing reason. Without rendezvous radar there is absolutely no observa- 
tional data going into the LM to support rendezvous maneuvers. This 
would be a serious situation beth during the major rendezvous maneuvers 
(CSI, CDH, and TPI) and during terminal braking, Please let me discuse 
thece neparately, 

First of all, let it be clearly understood the MSFN cannot support 
readezvous maneuver targeting during lunar operations. That must be 

an entirely onboard op2ration due to limitatiors in MSFN navigation 
(i.e., orbit determimtton) using short arcs of data on a maneuvering 
npncecraft and because mich of the rendezvous is conducted outeofegight = 

and « volce of the earth, Ir other _words, we couldn't tell them what to 
TT TTC, Neen ew een we, eto If wa knew! ~ 

‘Yherefore, without the LM radar the only source of maneuver targeting is 

the CSM. Us'ng what? A VHP ranging device to be flown for the first time 
or the lunar misston and a spacecraft computer program (Colossus), which 
dots not have the CSI and CDH targeting prograns in it. Thus, the CSM 
pilot would have to use charts! I'd like to enphasize the fact, though, 
that, the COM pilot In 80 busy mking sextant otservationa (which are 
mindntory © VHF alone is not adequate) and performing mirror image 
tarpeting, ete. alone witu routine spacecraft management that it hae 
been concluded he enn not and will not perform onboard chart computations. 

Buy U.S, Savings Bends Regularly os the Payroll Savings Plan



And » even if we were to think negative schedule-wise and assume we will 
get a flight qualified VHF ranging device and CSI/CDH targeting in 
Colossus, Jr. in time for the lunar mission, I can't believe we'd be 
willing to fly a rendezvous with no backup or alternate data source 
for comparison. The Av margins are too small and the consequence of 

failure is unacceptable! 

Now. let me speak of terminal phase braking. Range and range rate 

information are essential for this operation. This can be obtained 

crudely by visual means and without radar that's the only source. 
(Lighting conditions mst be satisfactory - although poor CSI/CDH 
targeting will caune TPT time slippege almost certain to mess it up.) 
The DOKY displays of range and range rate f.om the computers are based 

on the state vectors obtained by the rendezvous navigation and they 

degrade bedly at close ranges. That is, their usefulness is highly 

questionable. (Unless luzar operations are better than “earthal,” 

they are worthless; I'm ne: sure if lunar is better or not.) So 

tts the eyeballo then and plenty of RCS. 

If I sound like I'm on some higher. energy level about this, it's cause 

iam. I'm sure most will agree thet a rendezvous radar failure is the 

worst that can happen in the PGNCS (and AGS) during rendezvous since 

without it all data is lost. (For example, the current "D" rendezvous 

mission rule is that rendezvous radar failure dictates aborting the 

rendezvous exercise, the CSM goes active for TPI amd midcourse cor- 

rections, using the sextant, and whoever can see best will give a try 
at braking. } 

Please see if you can stop this if it's real and save both MSC and 

GAEC a lot of trouble. 
' jy ~ 

Howard W. Tindall, Jr. 

ece 

ra/c. H. Rolender 
ra/c, C. Kraft, dr. 
cA/D. K. Blayton 

PACHWTIndoll, Jy.tje  



   

   

Memorandum 
1 

PA/Manager, Apollo Spacecraft Program DATE: AUG 1968 

Pa/chief, Apollo Data Priority Coordination 

Korth-American Rockwell (NR) participation in Nission 
Techniques Activity 

  

This note ia to let you know that NR participation in the Mission 
Techniques activity is almost negligible, (Except reentry - Bobby 
Johneon's team working on the FMS is outstanding. ) 

We have many internal meetings here at MOC; I'm not referring to 
these, but rather to the mich less frequent big meetings, well 
attended by MIT and (recently) by GASC. It is at these meetings 
that a great many details are resolved involving crew procedures 
and their interface with the ground, etc. Knowledge of mech of this 
must be essential to prepare useful AOH's snd to conduct meaningful 
simulations - and, NR input might be useful too! 

I reslize there is a tidget squeeze damping travel, of course. Tf 
vanted to maxe sure jou were aware of this situation so that proper 
priority could be asrigned - if it isn't - to NR management. J'rankly, 

I don't see how they could possibly know what's going on! 

Howard W. Tindall, Jr. 

PA:AWTi ndall, Jr.ijs 

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

sunJEcT: 
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UNITED STATES GOVERNMENT 

Memorandum 
Pa/Manager, Apollo Spacecraft Program i paz: VUL 31 1968 

68-PA-T-175A 
PA/Chief, Apollo Data Priority Coordination 

LM propulsion of the IM/CSM configuration as an SPS backup technique 

The enpabilities described in the attached EA memo, aame subject, were 

well coordinated throughout MSC leading to the present situation, which 

eas far as I can determine is acceptable to everyone. No associated 

om 
Howard W. Tindall, Jr. 

action is requested of you. 

  

Enclosure 

PAsHMWiindall, dre:js 

  Bry US, Sccdage Bests Regichely on the Payroll Savings Plan 
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‘ UNITED STATES GOVERNMENT 

: . Di rep refer to: 
-Ynom :EA/Director of Engineering and Development 3023-86-68-486 

sunjrer: IM propulsion of the 1M/CSM configuration as ean BPS backup technique 

Reference is made to the following docunents: 

ae MSC memorandum, "Micsion Planning Systems Meeting No. 4," Obtober 
2963. . 

2. MSC memorandum, "Use of the Apollo IM propulsion system as backup 
the service propulsion ayatem,” Noverber 10, 1963, 

PLM CIM GA 

3. GAEC memorandum, IMO-500-132, “Dynamic and static stability analysis Maya ad 
of a combined IM/CSM propelled by IM thrusting,” May 28, 196), PAA Metis 

Pact 
4, GAFC memorandum, IMO-50-192, "Stabi2ity of combined IM/csM with im tt ‘. 
thrusting including guidance Joop,” July 22, 1964, 

@ 5.  Apo)lo Mission Plouning Task Foree (AMPTP) report, Tep-540-6, 
July 27, lyGh. 

6. MSC menorandun, FG23, April 9, 1955, "Preliminary results of analceg p, 
simulation of CSM/IM trenscarth injection using IM propulsion." 

PA? 

fo 

ot 

PF 

bP ce, 

mest. 

7. MSC Internal Note, FG-65-26, "Analog Simulation Study of IM Descent, o 
Engine Propulsion Backup to the SM Service Propulaion System," June 16, Pi 7 ie 
1965. 7 

8. MSC nemorandun, 66-¥i11-30, "DPS backup of SPS in the earth's sphere 
of influence,” October 19, 1966, 

-_ 

9. MSC meworéndum, "FG2'/-128-66-1178, "Manual mode DPS for SPS backup,” 
November 16, 1966, 

10, M8C Internal Note, 66-Na-h8, "Idmit eyele bounds for docked con~ 
figuration," November 71, 1966. ‘ 

21, MAC memorandum, MAP Go ROP, "Non-free return trajectories," 
October 5, 1967, , 

22, MSC menorandun, FG23-69-), "Proposed extension of the IM DAP 
manual modes evalustion at GARC," February 19, 1968, 

Buy U.S. Savings Ponds Regulerly on the Payroll Sevings Plan   . v



  

The question of using LH propulsion ina 1M/CSM configuration has 

recently been the subject of detailed review. Control system studies, 

both inhouse and at GAFC, have contributed to that review. Because of 

the current interest in the IM propelled docked configuration and its 

guidance and contro] systens, @ review of the studies performed in sup- 

port of the systen development effort has been wide. The present memo~ 

randum is intended to surnorize the results of those studies. 

Use of the IM ascent and/or descent propulsion system to propel the 

IM/CSM configuration (as a backup to the S'S) waa proposed by NR in 

yate 1963 (reference J), Shortly thevesfter, @ atable feusibility 

study of auch backup wox matic at MC {reference 2). A dynamic sta- 

bility analysis of the propuscd tricky ecntrol system was completed at 

GAEC in the Spring of 19¢h (reference 3), and extended to Include guid- 

ance Joop dynerics teo months Inter (refercnec 8), With the completion 

of. single-acis static ond dynemic guldrnec and contro} studies of the 

IM propelled configuration, a Joint 1sC/s1s/WAA/GALC commission (the 

Apolo Mission Planning Task Force, Awe), recemmondied edeption of a 

IM DPS backup te the SPS (refercroe 5). fetupticn of a control mode 

which would employ the IM ANS to progel Ue IN/CzM docked configuration 

was not’ receesvended because of the reqeree mt to contain large APS/0G 

moment unbarences with the ROS. 

The GASC study deserdhed in reference 3 sho ed that adequate closed 

Joop attitute contes) of the Loonfig catsen during a Drs firing 

requircd a Jarge getn finer: mt tocke? Jaf configuration) in 

the pitch ant yrs rote feo. < of the IM anslog attitude con- 

trot systen, This requirement wos ecrrct rated by a three-axis rot: 

tloned and tronelaticned guidenee snd esrtrol evatvation of the doc i 

configuration ccnpished by Ghe Guttence art Contra} Division early {tn 

3905 (references Gant JZ). The effects of bely bending et propel y+ 

Bleoching wee dnchvtel In the eveturt ton, wb the fess th lity of be. 

pond set auteoatie motes ef central vet deveratrated, The ASpO, in 

onder to ay Td the berdivs obonge motto tin the Bt anateg autopilot 

te accais tte Both Cif en et CSN off ecatiguestiona, decided to inple- 

pent centred of the DiieprarcMed docte ! antiguration In the Nt digi- 

tad putepfict cnly. 
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strengthened the position of the Guidance Software Contro) Panel, which 
held that the IGC should not include a return-to-carth progran, but ~ 
should rely upon the CMC return-to-carth program and the MSFN, 

' 

Tn the fall of 1967, the question of IM propulsion of the LM/CSM docked 
configuration was raised in connecticn with non-free return trajectories 
(reference 11), The subject was reviewed by the Guidance and Control 
Division and the contro) status of the configuration presented to the 
Directorate. Most reeently, the Astronauts expressed interest in the 
one time rejected ArS-propelled IM/CSM. Control of this configuration 
(rotated at the docked Interface to rininize APS/CO moment unbalance) 
was investiented at GAKC (reference 32). Inasmuch na the GAKC inveati-~ 
gation did not include the dynamic effeets of atructural bending ‘and 
propellant sloshing, Jt could not be considered conclusive, Nevertheless, 
there js indicaticen that control of the dererived configuration may be 
feasible, Whether it is feasible to rotate Une dock’ng interface in the 
manner assumed js also a patter that needs verification, 

According to present mission planning, there is only ene control mode 
specifically intended for IM backup preyuleion of the docked IA/CSM con- 
figuration. That mode erploys Lt DES prepuleton, DAP ettitude control 
in “auto” made, external delta V targeting, and cross product stcersng. 
The Cuidance and Control] Division does not plan to conduct further 
studies in the depth necded to verify the design of docked APS made unless 
amission requircment is established. 

Fo?/). C. Choathan 

LO > 
oT af 

SHER Féget 

¥G21 /it, Keyton 
EG/hranches end Project Offices 
cCA/D. K. Sinyton 
CH/R. Te Schwetckart 
crf. J. North 
CFIZI/M. Ke Take 
FA/C. C. Kraft 
HY/d. P. Mayer ’ 

H. W. Tindal). 
¥S/1. C, Dunsesth 
¥s6/T. FP. Gttson 
pnie/Rr. W. Kubioks 

ec: 
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached JUL 2 6 1968 

68-PA-T-1T1A 

Pa/Chief, Apollo Data Priority Coordimtion 

Mission Techniques Documentation Schedule 

Some people have asked me for a schedule of when the various Mission 

Techniques kcoks will be coming out. Y can't remember who they all 

I'LL update it in a couple of 

aT 
fovard W. Tindall, Jr. 

were 6o I'm sending it to everyone. 

Enclosure 

PA:AWTindall, Jr.:js 

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



  

MISSION TECHNIQUES DOCUMENTATION SCHEDULE 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

: ® as of July 24, 1968 

Dubject May 14 Est. Current Est. Actual 

C Retrofire and Reentry Draft - - Dec, 6, 1967 
Pinal : : Mar. 6, 1968 

- Update - Aug 23 

C Rendezvous Draft - - Apr 16, 1968 
Final - - May 29, 1968 
Update - Aug 12 

C Data Select (MCC-H/RICC) Draft July 29 July 29 
Fiml - Aug 12 

D Retrofire and Reentry Final - Sept 23 

D Rendezvous ‘Draft July 22 Aug 16 
Final Sept 3 Bept 23 

D SFS and DPS Docked Maneuvers Pinal - . 

> Data Select (MCC-H/RTCC) Final - Bept 30 

F Rendezvous Draft Aug 19 Sept 30 
Final Oct 7 Nov 18 

E S-IVB Burn - - 

Bar: Orbit & TLI Draft Jane 10 - June 10, 1968 
Final daly 8 Aug 19 

G MCC, LOI, TEI Draft Sept 16 Sept 16 
Final ov 4 Nov 4 

G Descent (Wake up to touchdown) Draft Jane 17 - dune 17, 1963 
Final - Aug 5 

G MCC-H Powered Descent Monitor- Draft Sept © Sept 23 
Ing Final Oct 2 Oct 28 

G Lunar Surface Draft June 17 - duly 2?, 1968 
Final - Sept 16 

G Aseent Draft Sept 5 Oct 7 
Final Oct 28 Tov 18 

G Rendezvour Draft Aug 19 Sept 93 
Final Oct 7 Oct 28 

C MCC & Entry Draft July 1 Avg 12 
Final Aug 12 Sept 23 

Lunar Data Select (MCC-R/RTCC) Final Dec 2 Dee 2 

G Descent Aborts Draft - Oct 21 
Pinal - Dec 2 

3 Launch Aborta Final June 2h - July 22, 1963 
  

ov Launch Aborts Final Sept 9 - 
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"D" RENDEZVOUS MISSION TECHNIQUE. 
OPEN (TEM LIST 

(to be discussed at next meeting) 

  

      

    

Rendezvous Navigation Mission Techniques Panel Report.    
    

   

   

   
    

    

   

  

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

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

MPAD to determine CDH, time dias. 

ASFO to determine expected LM IMI alignment accuracy when docked to 
the CSM. 

Review of MCC-H/Crew Pad Message Format. 

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

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

Review of rendezvous maneuver monitoring procedures. 

TRW to present ACS align and initialization procedures. 
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UNITED STATES GOVERNMENT 

Memorandum 
See list below pate: JUL 2 6 1968 

68-FM-T-170 

we ba 

  

: FN/Deputy Chief 

AGS program changes 

on Thursday, July ?5, Guidance ant Control personne) mt with 

Mr. C, C. Kraft, choirman of the apollo Spaccerntt Software Cons 

figuration Control Foard (acecce), to discuss and obtain direction 

rerarding what to do about the AGT conmuter programs starting with 

FP-6. 

Sinee the cont is apparently mplip ple, Lt wae concluded thit they 

should go ahend with the chinres doreribed in AGS SCP nos. ke, bh, 
and hs, which were on the agenia of the July 23 ASSCCR meeting. They 

are primarily clean-up item? thet don't influence the AGS desien 

capability. 

In addition, it was deetsel to Incerporcte the now rendezvous reader 

filter which, of course, moans thet the Cor ami CDH targec bing programs 

mrt be elinimited, I thirk thal everyone agrees that thin was a very 

important thing to do, if it m= porrible, since without the new radar 

filter, the AGS performance can be ur veeceptebly poor. FP-6 will. be 

avatintle to support an August 19@ leunch date. 

Incidentaily, in ease you weren't asnre of It, FP-5 which supports 

the Mission “R" lnunch date has the altitute update at beginning of 

hover incorporated in it. This rirple ehance creatly inerensca the 

probability of safe pericynthton In the event of a late dercent abort. 

I would recommend that Moth Phyctes Branch review the new RR filter 

immediately if they haven't alrendy, finee it's leing Implemented now, 

. cree 

{ 
_ Howard W. Tindall, Jr. 

Addresseen;: . 

FN/g. P. Mayer MO/R. FE. Fem}1 
Cc. R. Huns H. D. Beck 
D. He Oven FMG/R. OR. Recelbrucee 

FM13/R. P. Parten ; K. A. Younr 

J. R. Gurley FuT/S. P. Mann 
E. D. Murrah R. 0. Noblec 

A. Nathon R. We. Rrown 

FMI /P. T. Tixloy ¥M/Rranch Chie te 
R. T. Savedy 

FM:HVTIndall, dretdc 
TRW/R. J. Rowlrenu 
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UNITED STATES GOVERNMENT 

Memorandum 
pare: JUL 26 1968 

68-PA-T-169A 
PA/Chief, Apollo Data Priority Coordination 

July 9 and July 24 "G" Rendezvous Mission Techniques meetings 

1. During the July 9 and duly 24 "oc" Renderxvoun Mission Techniques 
meetings we have developed preliminary intrasvehicular rendezvous 

novipation sighting schedules. Crew work load estimates currently 

in use for the "D" mission rendezvous are incluited, These tracing 
schedules are very importint since they hnve a oredominating inSluence 

on Almost everything elre. For exsmple, from tiene it has been posalble 
to develop a preliminary spicecraft attitule time hirtory which shows 
som: fairly large paps are golng to be present in the CSM MPN selemetry 
covernge. This, of course, is due to the fact chat the S-band antenm 
is on the same side of the spaceermft as the sextant, which mat be pointed 
down in order to obrerve the LM. Of course, during, mancuvers occur! ny 

within steht of the earth, the COM cin be ynwed to a hends down attittute 

enabling S-band telemetry coverage. The rendezvous activities lo not 

ordinarily interfere with LM telemetry cowernge. 

2, The Orbital Mission Analysis Brinch (OMAB) of MPAD hue distributed 
a memo (68-FM6Z-P17, dated July 15, 1068) which presents the revined 
rendezvous profile including the relative motion plots and visisility 

and slant range time histories, Some of the most interesting fuaturen arc: 

a. Insertion occurs at approximeely 340 nvm. slant range. By CSI 

this range will have decreased to approximately 170 nom. 

b. The LM will appear to the CSM to be less thon 8° above the lunar 
horizon for the entire first two hours after insertion into orbit. After 
that, It will move below the lunar horizon. 

ec. There will be two points of sun interference for the sextant 
trneking of the IM, one immediately after insertion and another approximately 
two hours tater, about 20 mimutes before TPI. 

3. OMAB pronented the results of a study which shows that it is not possible 
to use the same mincuver solutionrc for LM mneuver targeting and CSM mirror 
imige targeting on a lunar mission as is done on the "D" mission. Accord- 
ingly, if the CSM does not have CSI targeting capibility in ite computer, 
the LM crew will have to sequence through P72 to provide mirror image 

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



  

   
maneuver targeting to the CSM and then P32 to target its own guldrnce 
systems. If the CSM does have the CSI targeting programs, the LM c. w 
will be relieved of this job and will use P32 only. The CSM pilot will 
pick it up since the nominal procedure vould call for his determination 
of the LM maneuver targets using P70, which he would relay to the LM for 

PONCS solution comparison and AGS targeting. f would then use Pa2 to 
compute his own mirror image maneuver. It app.urs that th TPI time used 

in the P22 and P7? computations my have to be different regardless of 
which spacecraft doer it. Since the mirror image mineuver is to be 
executed with a one mimute time delay after planned LM ignition time, it muy 

also be necessary to change CCI time. OMAB ts looking already into this. 

4.) There war considernble discutsion regarding initialization of the 

LM PGNCS and COM G&N for reniervous navigation. As reported previously, 
platform allenments by beth vehicles ripht after insertion are now 

included In the timeline, Upon compiction of the CSM platform alignments, 

the MCC-H will relay 1. new LM state yeetor Into the CMC based on LGC 
telemetry after insertion. Even with thic update, it is anticipited that 
the uncertainties in thers state vertors wlll be quite large, making 

it necessary to use inttial vwoluer ie the Wematrix which will not be 

suitable for Wemitrix reinitiniication during the rendezvous sequence, 
The Mth Physics Rranch is looting into tlnt., We ended the meeting by 

starting the development of rome "G7 miceicn rendesvous ground rules 
and working agreements similar to thore developed fer "D". These we 
arreed to so far are attached. 

5. The next meeting wlll be in Septemter since miny key people will be 
on leave during Aurust. 

hewamd W. Tindall, (alan, . 

Enclosure 

PA:HWTindall, Jresis   



July ¢y, lyvo 

"G" MISSION RENDEZVOUS GROUND RULES WORKING AGREEMENTS 

AND THINGS LIKE THAT 

1. General 

a. The reference trajectory is that provided by MPAD, dated August 

15, 1968. 

b. Nomerclature for the burn sequence following insertion is: 

(1) est 
(2) CDH 

(3) FCI 
(4) TPT 

(5) TPF 

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

0°, The only exception to this 1s when during maneuvers within sight of the 

earth the CSM roll {s 190°, PI from above will be initiated "heads down” and 

TPI from below will be initiated “heads up” for either vehicle. 

d. A LM state vector time tagged 1° minutes after insertion will be 

uplinked to the CMC vithin five minutes after insertion. State vectors are not 

sent to either vehicle again during the rendezvous ~hase. 

e. IMU alignments will be mde starting five mimites after insertion by 

both spacecraft and take precedence over the state vector update if timeline 

and/or attitude conflicts develop. 

f. On both spacecraft all rendezvous navigation will be carried out to 

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

the LM state vector in the LGC and the CSM sextant and VHF data will be used to 

update the LM state vector in the CMC. 

f&. The CMC's LM state vector will be updated after each LM maneuver with 

the P76 Target Av Program using the pre-burn value: as determined in the LM's 

pre-thrust program. 

h. The state vectore in the AGS will be updated each time PGNCS is cone 

firmed to be acceptable. This will likely be at each time it {s committed 

to mike the next maneuver using the PGNCS except perhaps TPI. 

i. AGC alipnments will be made ench time the PGNCS is realigned and each 

time the state vector In the AGS is updated from the PGNCS. 

Enclosure 1  
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Memorandum 
Bee list attached pats: JUL 2 5 1968 

68~PA-T-16EA 
Pa/Chief, Apollo Data Priority Coordination 

"D" Rendezvous 

1. A great meny things were discussed and resolved at the July 22 
"D" Rendezvous Mission Techniques meeting. They will all de filly 
recorded in the mimutes. ‘here vere three iters, however, I would 
like to call particular attention to at thie time by this memo. 

2. In order to avoid any chance of recontact as a result of mneuver 
dispersions in the CSM RCS separation maneuver which starts off the 
“p" mission rendezvous, it was decided to increase its magnitude 
from 1.0 to 2.5 fps. It will still be performed in a radial direction. 
This was brought about when it was recognized that an error of about 
0.4 fps in the horizontal retrograde direction would result in 
recontact after the big phasing burn. Dispersions of that magr.itude 
could easily occur due to imperfect velocity mlling during station 
keeping, G&N maneuver dispersions, spacecraft venting, etc. 

3. It has been established that the elevation angle to be used by 
both spacecraft in determining all TPT times - nominal and contingency - 
will be 27.5. 

4. The out-of-plane component of the TPT mneuvers 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 simlate in this respect. The change 
ie being made to simplify the crew timeline and procedures; it is felt 
to be entirely adequate based on the recently adopted plans for handling 
out-of-plane on the lunar rendezvous. 

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

QT e 

Howard W. ‘Mndali, Jr, 

FA:HWPindall, Jr.:js 
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UNITED STATES GOVERNMENT 

Memorandum 
Bee list attached . pan JUL 24 1968 

. 68ePA-THLOTA 
Pa/Chief, Apollo Data Priority Coordination 

: July 19 "C" Rendezvous Mission Techniques meeting 

Although most of.tne thincs atscu sced in our Priday, duly 19 "c” 
Rendezvous Mission Techniqies mocting cre not of general interest, 

there were a couple cf things I would ilxe to let you know about. 

. First of all, in an effort to recuce the probability of heving to 
maxe the NCC2 maneuver, wi.ich would te an extra SPS burn, it b- 
been decided to trim the "CCL AV resicunls if they are less thur. 
10 fps. In addition, the tine of the UGR maneuver will be adjusted 
in real time by as mich ar 30 senonie t-o-ehny enancing the diffc sr. 
ential altitude. nese two new trings together should be adequate 

t® maintain the nominel TPI time, waleh ie the primary objective in 
targeting these moneuvers. The nominal differential alticmude, you 
recall, is about 7.5 nia. and 1t waa Sinslly arreed tnat acceptucie 
targeting bounds are from 7 n.m. on tne low sing to 9 nem. on tac 
igh side. These adjustment limits give us a cupability of adjust- 

ing TPI time by about 20 nimutes to account for dispersions. Using 
these procedures, it will only be necessary to make the ACC2 bucn if we 
enccunter dispersioas Sar in excess of thcse expected. 

Something else which has been changed is that the elevat on angle 
at TPI is considered more sacred than any lighting limits at all and 
should be retained at the nominal value at ali cost even though tae 

60-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 rendesvou. exore oc 
will be terminated if the C&N fails prior to NSR, and probadly will ie 

serminated any tim: the C&N fails. ‘hia is to couserve 5M ROS anu percit 
flying a 2ull duration mission. . : 

The changes to the mission techniques are relatively minor and |: 
probable that it will not be necessary to reissue the entive doc.cn 
Rataur than trast, we will probably d.otribute caange pager of a ~ 2k, 

| oR PSOeb ade 
Howara we. Ling.li, Js 
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UNITED STATES GOVERNMENT 

Memorandum 
CA/Chairman, Crew Procedures Control Board DATE. 

68-PA-T-163A 

_ JUL 23 1968 

Fa/Chief, Apollo Data Priority Coordination 

Guidance and control action limits 

In the development of mission techniques, we are establishing quite 
a lurge aumber of parameter Limits which are used to determine how 
the guidance and control systems vill be used (for example, monitor. 
ing attitude during an SPS burn where‘s if the attitude exceeds 15° 
or the attitude rate exceeds 5° yer second, the crew would take over 
manual control from tne G&N) fom ce licits were already in the 
Mission Rules. Howeve=, they are not included in any of the Crew 
Procedures documents az this time. I would like to recommend chet 
you give serious consideration to having them added to the Crew 
Check List as well as Crew Procedures, since it is anticipated 
tnat there will be too many of tse Yor anyone to renemser, and 
sround support is not always avallotie, Ferhaps, this car. be 
discussed in one of your CCB meesings. 

ot ; ~O 

Bowerd W. Tindall, Jr. Cc 

ec: 

CF/a. J. Norta 
CF13/M. K. Lake 

FA:HWiindall, Jr.:ds 
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To : See list attached patz: JUL 23 1968 
; 68-PA-T-162A 

FRom : PA/Chief, Apollo Data Priority Coordination 

susject:; "C" Mission Retrofire and Reentry Mission Techniques meeting 
‘ 

On Friday morning, July 19, we had a "C" Mission RetroPire 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. 

1. It has been established that the G&N guidance system will be 
used in the event of a hybrid RCS deordit. (A hybrid deorbit is one 
in which both the cormand module and service module RCS jets are used.) 
The retrofire wili be wargetec for a half-lirt reentry. 

@ 2. It has been established that the G&F is mandatory for performing 
a hyoric deorbit; thus, if the G&N has failed and the service module 
RCS remaining has fallen below tke 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 fin: alignment prior to retrofire, the G&N will be used with a 
course alignment if that can be done. Current estimte is that a 
coarse alignment will be to within 2° on all axis, which can result ' 
in as mich as a 30 mile landing point miss. 

4, In the absence of response to our request for better numbers, 
we have established the following limits beyond which the G&N will be 
declared No Go for reentry and the backup system will be used. The 
DSKY VG displays mst be within 1 a and the gimbal angles mist be 
within 19. Guidance amd Control Division and MIT people please pay 
particular note, 

5. Apparently the procedure has been established that command . 
module sepexation from the serrice module will be performed following 
retrofire while still in the 825 thrust program (PuO), ‘This is to 
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keep Average G on during the separation maneuver without having to 
wiit one minute as the entry programs are currently coded. The entry 
program: (P61, P62, etc.) will be sequenced after separation. Thus, 
tnece programs are being used in a completely different way than they 
were designed. 

6. IMU PIPA ani gyro drift compensation values are monitored con- 
tinuously by MCC-H. It has been established that if thg 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. 

ae 

Howard @, Tindall, or. 

PA:HWTindall, Jr.tjs
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UNITED STATES GOVERNMENT 

Memorandum 
See list attached paTz: JUL 1 8 1968 

68-PA-T-161A 

Pa/Chief, Apollo Data Priority Coordination 

LM Ascent lift-off time can be determined by the crew 

Some months ago we submitted a PCR to remove the pre-Ascent targeting: 
prosram (P10) from Luminary and this was done. ‘This action was based 
on an assumption that a simple crew procedure could be developed for 
doing the same job, in the event of loss of communications, making 
the rather complicated computer program unnecessary. ‘The Lunar Mias‘on 
Analysis Branch of MPAD has concluded their development and analysis 
of this technique and {s in the process of documenting it. It is 
only necessary for the ground to supply two parameters by voice to 
the crew prior to DOI which will allow them to independently determine 
lift-off time to within about six secomts. ‘This dispersion taxes 
into account current estimates of MSFN accuracies, etc, The effect 
on the rendezvous differential altitude due te this error is le-s 
than one mile, which is certainly far smller than other dispers onc 
which would occur in a non-commnication situation, In other worac, 
it is more than adequate. 

Cuite simply the procedure requires that the crew determine the time 
of closest approach of the CSM one pass before lift off by noting 
the time rendezvous radar range rate passes through zero on the tape 
meter, To that time, he mist add the CSM orbital period and another 
AT +o obtain lift-off time. These are the two parameters included in 
the pre-DOI pad messare noted above which will be determined by MCC-# 
based oa the actual CSM orbit. 

las . 

loward W. Tindall, Jr. ° 

PA:HWTindall, Jr.:je . 
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UNITED STATES GOVERNMIN : 

Memorandum 
: See List attached . pate: JUL 1 8 1968 

a 
68-PA-T-159A 

Pa/Chief, Apollo Data Priority Coordimtion 

No 15 mimite constraint for Lunar Ascent Guidance 

The Luminary GSOP indicates that it is necessary for the astronaut 
to call up the Ascent Guidance Program (F12) at least 15 minutes 
prior to lift off, This, of course, 1s not conaistant with our 
desire to be able to use Pl2 if we get a No Oo for lunar stay 
approximetely 10 minutes after landing. In that case, we intend 
to enll up P12 with less than seven minutes to go before lift ofr. 
By checking with MIT, we have verified that the 15 minute limit is 
not a real constraint and that the only limit is the time required 
for the crew to go through the operntions assoctated with Pl2, which 
is currently estimted to be less than five minutes. (Simulations 
will eventually refine th.s, probably to a smaller value. ) 

I have asked MIT to modify their GSOP (by PCN) to reflect this, 

fan 
a 

Howard W. Tindall, Jr. 

PA:HWTindall, Jr.:js 
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Memorandum 
See list below pare, YUL 17 1969 

68-F4-T-157 

. 
: 

Fu/Deputy Chief 

Results of the July 9 Apollo Spacecraft Configuration Control] 
Board (ASCCB) meeting 

This is my belated report on the July 9 ASCCB meeting, It was reported 
that Sundance Assembly 302 was delivered to Raftheon for rope mnufacture 
on July 3. 

1. There was another long discussion about the APS engine and how 
it works. Harry Byington reported that 1¢ takes about 700 milliseconds 
to reach 90% thrust. He also reported that following a three second 
burn, a 30 minute coast period is required before restart; following 
@ 30 second burn, a one second coast is required. Yor longer burns, = 
duration of which he vase unable to define, the coast pertod require! 
can get as short as 30 seconds. This means that it will be unacceptable 
to “abort stage” during the first 50 seconds of powered deacent. If wo 
mist use the APS, we will have to use the V37 entry into P71. 

2. Bob Savely will be pleased to know that MIT submitted PCT 480, 
which indicates that the rendezvous radar variances are in Sundance 
erasable, even though our March PCR requesting that was disapproved. 

3. PCN 483 was submitted by MIT regarding DPS docked burns, but my 
notes and memory fail me and I would suppest that thore interented 
(Carl Huss, GAPB, etc.) lock it up. It has to do with pitch=rol). Wi* 
Jet selection for attitude control. It was noted that it will be meersanry 
for the CSM to damp whatever residual rates exist at the end of a burn 
since the crew mist turn off the PONCS DAP to avoid excessive jet impingr- 
ment. 

4. PCR 488 (aleo PCR 468.2} changing the Target Av processor from 
a routine (R32) to a program (P76) in Luminary was approved to provide 
restart protection, the same as Colossus. ‘Two days impact was quoted, 

5. PCR 4539.2 for Luminary was approved with no fmpact., It down. 
grades the "preferred attitude flag,” the same as in Colossus. 

6. Guidance and Control Division submitted 4 pockage of four PCR's 
denling with the landing radar in the Luminary Program. Only one of these (no, 216) wae approved vith a one day impact, It changes the 
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the time at which the landing radar antenna position is changed to 
coordinate it with the vehicle attitude change at hi-gate, in order 
to avoid Joss of lock. Without this change it was almost certain 
the crew would have to reacquire with the velocity beams by manual 
avitching to "Radar Test.” 

7. The other three PCR's were added to the Luainary Hopper. 

a. FCR 217 was to change the way the antenna position di.crete 
would have used. Specifically, 1t was requested that it be ignored (except 
to set an alarm) before hi-gate emi if “wrong” efter hi-gate to use 
landing radar data to update altitude only but not velocity. Three 
days impact vas quoted. 

b. PCR 218 wae to compensate for the & landing radar antenna 
misalignment which screws up the crew's displays. The two day impact 
was unacceptable, although the crew considers this an important program 
change. 

ce. PCR 219, which cost two days immect, would have put the 
interal velocity on the downlink at the same time the altitude data is « 
that is, at 35,000 feet rather than 22,000 feet. FCD wanted this one. 

8. Guidance and Control Division informed the Board they intended 
to submit a PCR to add the Sundance Landing Radar Superious Return Trot 
(RTT) to Luminary for use on missions “E” and “F* (high speed lunar 
surface overpass). 

9. PCR 222 was a change to the CSI targeting program in liminary 
requested by MPAD to eliminate the lack of convergence on CDH time for 
near circular orbits. ‘Two days impact was unacceptable and so it has 
deen added to the Luminary Hopper. In the meantime, the LMAB was 
requested to look into selecting a better (higher) value for the altitude 
rate teat which could be used in Luminary. 

10. PCR 220, submitted by MPAD regarding a number of Colossus Entry 
modifications, was discussed amid great confusion at the end of the 
meeting. As I understand it, several modifications were approved but 
two (non. 15 and 18) were left as open items pending coordination 
between MPAD and MIT. All torether it was a two day impnct. 

Trait in nll I enn remember! . 4 

Qa Yu NA. 
foward W. Tindall, Jr. 

Addrunasece! 
“ FM/d. P. Mayer -Pe/R. T. Bavely rvt/6. P. Mann 

C. Re Ruse Pp. T. Pixley R, 0. Noblen 

> HR. Owen N5/Re ¥. Ermili YM/Brnnch Chiefs 
¥M3/R. P. Parten 9M6/R. R. Regeldrugee IR. Gurley K. A. Young TRW/R. J. Boudreau 

E. D. Murra 
A. Nathan 
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UNITED STATES GOVERNMENT 

Memorandum 
To =: See list attached pare: JUL | 0 1968 

68-PA T1544 
yrou =; PA/Chief, Apollo Data Priority Coordination 

subject: 

  

"c" Mission Clear Up’ 

We'll try to clean up the rest of the “C“ mission open items at a 

meeting on Priday, July 19, in Room .O323R of Bullding 30. Retrofire 

and Reentry will be discussed in the morning, starting at 9 a.m, and 

Kendezvous in the afternoon = or as soon as we finish the Retrofire 

session. Attocned are open item lists for each session, kindly prepared 

by Stu Davis, FCD. 

unr dad tod vicky, 
Howard W. Tindall, Jr. 

Enclosures z 
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DEORBIT AND ENTRY DATA PRIORITY MEETING ITEMS 

Is the entry following an RCS deorbit to be ballistic or guided? 

Will the EMS be used for G&N failure occurring at any tim? 

Is closed loop GAN entry to be the nominal? 

What are the thrust vector menitudes and directions for SM ~- CM RCS 

deorsit Ay's? 

Is a fine allen or coarse alien sufficient for deorbit? 

Are crew using ADPC procedures? 

What are DOKY VG and gimbal anrie limits in comparison with ground 

maneuver pad? 

What are 3@ PMAG drifts? 

What are PIPA bias and gyro drift Limits and the compensation procedure? 

Are the pads current? 

What is the new REFSMMAT flag setting procedure? 

Is the GaN needed for hybrid deorb’ tt 

Enclosure 1
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RENDEZVOUS DATA PRIORITY MEETING ITEMS 

Open Ttemss 

1. 

2. 

9. 

10. 

il. 

it. 

ihe 

1h, 

1%. 

vw, 

Trim NCC1 to keep from doing NCC2. Ken Young 

Rendezvous with SCS if GAN fails anywhere prior to to 

NSR. Phil Shaffer 

An 1imits for terminal phase. EA Lineberry 

Liznting constraints for TPI hard or is elevation 

nngele hard? Flight Crew 

In 7'7.45° the elevation angle for TPIT Paul Kramer 

Are Pa52 alignment completion necensary prior to NCC1? FDB and FCSB 

Are the maneuver pads current? Will Presley 

Limits on onboard TPI solution comparisons with ground 

Trl. Ed Linetorry 

Diseussion of backup TPI Ar vurn solutions (duty cycle 

problems). Dick Moore 

Are crew using ADPC procedures? Flight Crew 

Limit on DSKY VG's arreement with tarvet load, and limtt 

on pimbal angles comparision with mincuver pad, MIT 

Residual reasonablencas Limit O&PR 

Whit are nllowab]: BMAG drift and pyro torquing angles. dary Coen 

What are crew time requirements for sextant star check, 

Po, PaO? Mosel 

_ What onpe TIPA binu and pyro drift limits and compensa= 

‘Lion proeedurer? Gary Coen 

Should NCL and NCe be external Av or SCS targeted? Stewart Davis 

What ore %¢ BMAG DRIPTS? NR 

What, short burn lo¢vic will be proprammed for RICCT Phil Shaffer 

Any corrections to Techniques Description document, 

Enelorure ¢ 
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UNITED STATES GOVERNMENT 

Memorandum 
TO - : See list attached pate: JUL 9 1968 

‘ ~  68ePA-T0153A 
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 mistrin 
(CSM alone) will be about one half of whet was previously anticipated. 
The reduction in error is due to the new DAP filter constants that 
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, cr. 

PA:HWTindall, Jr.¢je 

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



5 
af 

“TiSpuld 
A 

ptunoH 
e
T
 

ug 
Fae 

urtog 
Fur yong 

e
y
 

_
—
 

‘ 
“& 

© 
0
0
%
 

t
O
 

B
L
I
P
 
e
y
 

F
u
t
p
o
r
g
 

l
e
s
a
 

ba 
Pury; 

cynd 
Jo 

Ig 
wooy 

{§0T 
fo2 

Ait 
04 

P
O
A
C
 

U
s
v
q
 

SLY 
P
U
P
I
L
 
N
O
A
M
 

wad 
T
E
R
 

13 Ote 

 
   

  

* 

SSmtdaIm 
W
i
d
e
 

I
T
S
 

snoazspusy 
29, 

Asyugey 
seuny 

Aijueag 
pue 

ertyorsey 
(ot 

sncarvapuay 
29. 

estug 
jucosy 

snosrepueg 
.@.. 

eseug 
esinospig 

SSCUd 
1U8I8g 

S
a
s
a
a
a
m
 

40 
£32fans 

7 
Co 

T
I
T
 
T
P
L
 

& 

 
 

mt 
WESTHE¥I-“G9 

g96t 
“6 

Ane 
40 

sy 

31NG3HIS 
SNIL33W 

a 

NOTLVNIQUOOD 
ALINOIYd 

Viva 
O110G¥ 

  
sen 

@ 
@



    

  

ak 

hice 
Ce a 

BO
R 

Pa/Chief, Apollo Data Priority Coordinatica 

Throttle up time is fixed during the powered descent maneuver 

1. Wa learned somthing interesting during our Descent Mission Techniques meeting June 28 from the MI? people there, It dealt with the way the DPS gimbal trim phase of the povered descent maneuver is programmed, 

&. It is extremely important thet the engine be at full throttle a‘ the right place in the trajectory. (the figure Given is that for each second of time delay in throttling up to the PIP, we lose 12 seconds of hover time.) Therefore, MIT hes prograsmed the computer so that throttling up does not cecur after a fixed duration DPS gimbal trim time, but rather at the "right time” regardless of how mich trim ginal there hac been. For example, if the engine failed to start when it was suppose to and the crew chooses to recycle to TIG minus five seconds there can be as much as 13 seconds delay in engine ignition ant the trim time woul’ be reduced by that amount. ‘This procedure is an aycument for mintaining a 104 trim gimbal time: of 26 seconcs, making us sonewhat tolerant of this sort of an event, We hadn't thought about this situa. tion very mch yet, but I think the consensus is that if the DPS fails to ignite under PONCS control initially and again faile on a recycle 

3. Thle really looks like « good way to program it, but is different than documented in the GOP. Accord !ngly, MIT vill submit a FCN to correct the documentation. 

Mn 
Hovard W. Tindell, Jr. 

PA:HWTindall, Ir.:js 
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To : 

FROM : 

SUBJECT: 

  

Ort ceAL Pomel me 0 
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UNITED STATES GOVERNMENT 

Memorandum 
See list below . pate: JUL 1 1968 

68-PA=T-1LE5A 

Pa/Chief, Apollo Data Pricrity Coordination 

Checkout of CSM optics in earth orbit prior ta TLI 

The attached memorandum fs of intereat to you. Refore we inco.porate 
ft tnta our Minsion Teenniqnes, I intend to check: 

1. Why MSFN coverage is required. 

e, If minual optics posltioninr ts not adequate in lieu 
of CMC control for a TLI go. 

Oth rwi:e, Tagree with Lt complet ly 

7 . 

N 
fowari W, Tindall, Jr. 

hnelorcure 

Addre: sees: 

FM/J. P. Mayer 
C. OR. Muss 

Pin: /k. PR. Darten 
PM /t. Le ferry 
FY. 0. Nobles 
TRU/R. J. Bondreu 
MI'T/TL/D. G. Hove 

J. Nevine 

HN. Ofars 

PAsMWiimiadL, dies dr 

Buy US. Savings Bonds Regularly on the Payroll Savings Plan 
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ih, PCR 478 improves the IM RCS thrusting-into-orbit processor by 
the addition of a gravity term. The improvement prevents insertion at 

toa low an altitude. It was approved at the cost of one day impact, 

18. POR 475 would modify the Landing Analog Display Routine (R10): 
in Luminary such that the program will drive the tape meter and cross 
pointers while in Programs 12, 7O, and 71. Approval was recommended 
for thls additional capability at the cost of one day. 

16. Myron Kayton (GCD) is submitting a lance PCR (No. 221) to 
change the rendezvous radar test routine such that the data will be 
collected at a higher frequency. This extremely late proposal was 
brought about by the realization that the time is extremely short 
during which the rendezvous radar test could be made as the "D" mission 
LM passes over the White Sands Missile Range - apparently less than 
half a minute, It is apparent tmt either a program change will be 
raquired, a location other than White Sands Miseile Range must be uned, 
or that the test objective must be modified, Thene niternate courses 
of action will be submitted to the Apollo Program Mannger's Change 
Control Board once the Sundance impact has been terminated. 

1f. MIT officially. informed us that the lunar landmarks selected 
by MOC are completely unsuitable ond the lunar landmark selection 
routine (R35) has been rendered relatively useless as a result. MIT 
even proposes that R35 should be eliminated. We selected the land- 
marks as we did since it simplifies the currently planned mode of 
operation and we don't expect to use the lunar orbit navigation propran 
for the purpose MIT designed it. Pred Martin suggested that possibly 
the CSM rendezvous navigation program (P20) could be used for observing 
the LM while on the lunar surface more conveniently than the orbit 
tavigation program (P22). The primary advantage is that automtic space- 
eraft attitude control would be available. It ts questionable, however, 
if the data which we require is stored for relay on the downlink in P20 
no ts necessary until S-band antenna feacquisition. 

18. There was a lengthy discussion regarding the PCSD request for 
raw remiezvous radar data on the DOKY. FSD intends to coordinate this 
to mke cure the simpliest possible program change may be defined based 
on the crew requirements and MIT's program constraints, (Incidentally, . 
MIT appirently intends to propose an official PONCS constraint limiting 
the uce of Pro to ranres creater thon five miles.) 

Thit'n tb = at least the thinen I think would interest you most « 
It win quite a productive meeting wouldn't you say? 

a 

— on QNE. Loy, 
Howard , Tindall, Jr. 

Addresseen: 
(See lint attached) 

FM:HWrindall, re: jo 

 


