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FOREWORD
,I "

This Apollo Mission Techniques Update Document and the reference
set of techniques documents listed below describe the J- 2 and J.3
(Apollo 16 and 17) Mission Techniques.

Mission H· 2 and Subsequent

• Launch Phase Aborts

• Earth Parking Orbit and Translunar Injection

• Translunar Mldcourse Corrections and Lunar Orbit
Insertion

• Lunar Descent

• Abort from Lunar Powered Desce"t and Subsequent
Rendezvous

• Lunar Surface Phase

• Lunar Powered AlCenl

• Transearth Injection. Mldcourse Corrections. and Enlry

• Conllngency Procedures

Minion H· 3 !nd Suhseguenl

• Manull Ascent

• Tracking Data Selection Controllers Proceduru

• Allilude Reference Inltlalitatlon

Mlulon J·I

• Lunar Orbit Activities

Thue documenll contAin the olllcially approved guidance and control
Il!quence 01 evenll. data now, and real·tlmedecliion logle lor the J.2 and
J.) mlilioni. The purpole olthue documenll lito ensure compatlbllily
01 all related MSC and lupportlng contractor actlvltlu.

III

. . . .
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A data priority working group has been established under the direc

tion of Chief. Apollo Data Priority Coordination. ASPO. This group.

which is comprised of representatives 01 MSC and support contractors.

nlcets to coordinate the various associated activities and develop agreed

upon n1isslon techniques. TRW assists In the development of the techniques

and documenls Ihem for ASPO. Changes in Mission Techniques after pub

llcatlon of this update wlll be documented In Data Priority Coordination

memos authored by PA/Chlef. Apollo Data Priority Coordination.

This document supersedes the Apollo Mission Technique Mission J-I

Updale. MSC Internal Note MSC-04278. May 26, 1971.
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I. INTRODUCTION

I, 1 SU~IMARY OF' UPDATED ;'USSION TF.CIINIQUF.S

J ! a

.

The purpose of this report Is to present the J-Z and J-) missions
updates to the basic sci of mission techniques description documents
(References I through 13), f:.ch se~lion of this report presents the
updated techniques for the corresponding mission phase document in the
rcCerenccd set. The majority ot the updates involve nllsston-depcndcnt
parameters or corrections and improvements to eXisting techniques with
two notable exceptions:

• Prc-POI Tlmelino (Section 5. l) whIch changed DescentAborts (Section 7. l)

• NO SLA SF.P Procedures (Sectlon 13. I)

The updated techniques arC accompanied by supporting graphs, tables, and
parameter values: however. ,since the purpose or this document is to pre

_s:..e:..n:..t:...,th:;.;.e..;t;.;e;.;c;.;h;.;n;.;l"ql.:u:.;;.e~...corboth ApoUo t~. only typical parameter values
are shown (usually for a March 17, 1972 Apollo 16 launch). The misslon
dependent parameters are identified by mission and launch date to alert the.

-~...,-..- _.~------'--'- -"_.~-'--~--'reader to their applicability should the l~unch date slip.----_._-~_.---~..--- --~---_.-_ ,.- -.- _ -_ _.-. _..~~-, ~.,. ..
Although each section presents a review of the major events within

the particular mission phase prior to discussing the updates, it is not the
intent of this document to replace the baseline set of mission techniques
documents. To aid the reader in locating the baseline information. the
first sentence of each section indicates the reference (baseline) document
and each subsection title is accompanied by the page nun1ber of the refer
ence document in '\vhich the subject is discussed.

I. Z SPF.CIAL ITEMS

This section discusses specific techniques or mission activities that
overlap mission phases.

I. 2. I Real- Time GET Adjustment':'

The time between lift-ofC and LOI changes Crom da.y to day beca.use
the geometry changes between the launch site and the TLI point and because
,;,

ReCerence 14

1- 1
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the earth-moon distance changes. The translunar trip time can vary sev

eral houra Irom month to month. and the T - H hour launch opportunities

result In about I day between 1.01 and POI being spent waiting lor the sun

to rise at the landing site. The amount 01 detailed trajectory Inlormallon

required premlsslon Is greatly reduced II parameters such as G£T 01

MSFN AOS/LOS. sunrise/sunset. and time of arrival at selenographlc tar

gets do not change. It Is also desirable to maintain the same lunar ground

tracks (or a given mission, independent o( launch day or month.

In real time, the trajectory is sensitive to all premiss ion sources of

event time change. plus trajectory dispersions. The real-time GET

adjustment to alleviate most of the preml.slon and real-time updallng of

these data is accomplished by changing GMTLO (GMT of lift-ofO by an

an10unt equal to the change in GET. This change will occur in the RTCC,

LOC. and CMC, but not in the Remote Site Data Processor (RSDP). The

RTCC, LOC. and CMe time must be kept synchronized (or the transmis

sion of valid state vector inforn1ation between these computers. The RSDP

time base will not be changed so that the CS~t and L~,{ systems data are

chronologically continuous.

The GET update criteria is t minute (or the translunar coast (TLC)

phase and 2 minutes (or the lunar orbit phase. Three GETLO updates are

scheduled: the first. at about 53 hours:30 minutes GET; the second, prior

to LM activation during revolution 4 (about 83 hours GET): and the third.

during revolution 60 of lunar stay (about 193 hours GET).

a~ At about 53 hours:30 minutes, the GET of arrival at
lunar longitude of 1800 in revolution 2 of lunar orbit
will be predicted and conlpared to the night plan tinle.
If the change is greater than I nlinute, GMTLO will be
changed so that the GET of longitude arrival and all
events in that tinle interval will be equal to that of the
flight plan.

b) Prior to LM activation during re~'olution 4 (about 83 hours
GET), the GET of arrival at longitude of 1800 \vill be pre
dicted for revolution 26. If this GET is nlore than 2 nlin
utes diHerent fr0111 the flight plan, GMTLO ...vill be updated
to corn~ct the GET of longitude arrival and all events in
that time inter ....al.

1- 2
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..
d During revolution GO of the lun.r .t.y (.bout 193 hourt

O£T) the O£T of arrlv.1 of longitude of 1800 In revolu
tion 6G will be predicted. If this O£T Is more th.n
2 minute. different from the OIght pl.n. OMTI.O will be
upd.ted to correct the O£T of longitude .rrlval and all
events In that Interv.l.

J j

Potentially. there arc other opportunities to correct event times. but

In pracHco, these will prob.bly not be exercised in order to minimize the

number of lime base changes. (A single GET adjustnlcnt was required

during Apollo 14, .nd no .djustment w.s required during Apollo IS, )

I. Z. Z R£FSMMAT Selection

Table 1·1 presents the R£FSMMATS to be used for cert.ln mission
activities.

T.ble 1·1. R£FS1IMA T Selection

Mission Activity REFSMMAT* Remarks

MCC·4 PTC PTC used unleu MGA > 60 deg, then

MCC·4 and SIM-bay door jettison with

MCC-4 PREFERRED (0.0.0)

SIM-bay door PTC PTe used unless MGA > 60 deg or

jetti.son PREFERR£n used Cor MCC-4. then

SIM-bay door jettison with MCC-4

PREFERRED (0. O. 0)

LOI~d; PREFERRED This REFSMMAT is computed at

(0.0.0) about 60 hours GET when the LOI

abort chart is updated. (Upli.nked to

CSM after 81M-bay door jettison)

DOl LANDING SITE Loaded on the pass after LOI and

used Cor the alignment on the first

night pass. Maintain until plane

change unless a special REFSMMAT

is required for SlM~bay operations

TEl PREFERRED

(IBO,O,O)

l
"AII REFSMMATS 're computed by MGG-H.

':":'Prior to Apollo 15, MGG-4 and LOI used the LANDING SITE REFSMMAT.

I- 3
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Z. LAUNCH PHASE ABORTS

This oectlon diocu.. eo the updates to the Launch Phase Abort

Techniques (Re(erence I). Following a brief discu.. lon of the launch

opporlunltles and objectives, theoe changes and additions are discussed In

the order In which the subjects appear In the baoellne document.

The countdown wlll allow a launch on time using azimuth limits o(---_.._, ..- ....- ..'~~_.~_.~' ..
7Z to 26 degreeo which causeo only.a slight launch pro.rn~£h~!,g!l.ir~nL~~_. ._

Apollo 15 (SO.degree azimuth). Mission planning allows launch altemp1!.-.

_during_u£!l~!.s2EJ~£.1..!.t",!~..!~~!.._~ur~!:1jLt~{i!.~~t._~!!c!.~~£~,1)~,._Il}~~~t.h:~J_"

T· 0 and T t Z4 hO'!!.1'J!'.!!nch oppo,-!..u.!'ltle~!~Y~!1,,-b!~'-.J:.~e_p.I~,,-n.lng

(or t_~e.t_h.!!<1.!,10nthillc.!ude~~':Il:~_0.!'!",..!,,?IU,,_o f.o!.'I' • Z4. T - O. _and

-L!:l:!l!.o]1rs!.

Z. I SATURN V LAUNCH ABORT AND CONTINGENCY MANEUVER
DESCRIPTION REVIEW (Page Z- I)

A conlplete description of the launch abort modes are (oWld in the

baseline documentj however, Figure 2-1 identifies these modes and pre

sents the updated laWlch timeline and contingency capabilities. There are

two contingency orbit insertion (COl) updates that should be noted in con·

junction with Figure 2-1. First, the Mode IV COl maneuver consists of

only one SPS burn manually steered or at fixed attitudes (SCS). Prior to

the H-J mission, the COl Mode IV maneuver could have been one or more

lixed-attitude (SCS) burns. The second item. which aflects all COl maneu

verS (AK. MTO, and ESS) is the lowering of the sale perigee altitude from

75 nautical miles (pre-Apollo 15 limit) to 70 nautical miles (Reference 15).

Figures 2-2 and 2-3 show typical suborbital abort and COl capabilities.

AITO is not shown in these ligures since it is available at anytime during

the launch phase if a guidance reference failure occurS.

Z. Z ABORT AND CONTINGENCY MANEUVER CUES

2.2. 1 Onboard Abort and Contingency Maneuver Cues (Page 3-1)

A manual abort or contingency maneuver decision is based on two _~__~~ __

onboard cues. The crew abort and contingency maneuver linlits are speci-

fied in the baseline document.

2-1
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A now chari of Ihe varlou. combination. of Iwo onboard cue. which

mlghl result In exceedIng an aborillmllio .hown In Figure Z·4. The

figure conlaln. several updales 10 Ihe reference nowSl

a) If Ihe LV OUID LIOIIT comea on. Ihe crew no longer
walls for a secondary cue; ralher, Ihey execule MTO.

b) Following confirmation of Iwo cues with MCC-H, Ihe
reference now Indlcales declolons 10 be made concern
Ing Mode I and Mode II aborl.. The updaled version of
I.he now. have Ihls Information In Ihe Aborl and COl
Mode Decision Flow Chari (Section Z. 3).

c) The logic for disabling Ihe EDS, If one engIne Is oul or
al Z mlnules OET, has been added 10 Ihe final page of
Figure Z·4.

dl The Max Q regIon aborl IImll no longer requires Ihe
GUID LIGHT ON or s·le conlrol engine oul a!ler
o t 50 OET cues. Now, If Ihe GET 10 leu Ihan 75 sec
ond., Ihe allliude IImll (5 degree.) and Ihe angle of
allack (AOA) IImll (100 percenl) are valid Mode I aborl
cues; however, a crew abort action Is not necessary
because over rates (4 degrees/second) will occur and
the EDS will initlate an automatic abort. After 15 sec
onds, if a 5-degree error in any axis occurs and an
AOA greater than 100 percent occurs, a Mode I abort
is executed by the crew. Although overrates may occur,
which would result in an automatic EDS abort. launch
escape-vehicle constraints are violated; ~here(ore. the
Mode I abort is initiated as soon as the two cuee are
present.

e) Due to electrical reconfiguration of the S-IVB cutoff
discretes, the S ... IVB upstage switch cutoff signal is now
issued simultaneously with the guidance cutoff command
(Reference 17). Therefore, it is no longer meaningful
to manually back up the guidance cutoff with the upstage
switch. Cuto.ff will now be backed up manually with the
THe. which was previously a second level backup. As
usual. tl:e THe must be returned to detent in less than
3 seconds to prevent CSM SEPt

2.2.2 MCC·H Abort and Contingency Maneuver Request (Page 3-9)

In addition to the onboard abort cue 3. MCC- H can command abort

lights A and B (two redundant lights) ON. which are regarded by the crew

as a single abort cue. An abort light ON plus a MCC-H voice request to

abort'results in an immediate abort by the crew. The KSC Launch

Operations Manager can send an abort request from the time the LET is

z- s

----~--- --~~~-~~-
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Figure 2- 4. '* Onboard Launch Abort and Contingency Maneuver Cue
Flow Chart (Continued)

* .This llg~re replaces Figure 3-' in Reference I.
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armed untll the vehicle clears the top of the umblllcal tower (about
o • 10 GETI. The Range Safety Officer (RSO) can also !hut down the vehi
cle by Iran!mllling the main Cuel cutoCf (MFCO) command which also light!

the abort reque!t light In the !pacecraCt. Figure 2- 5 .how. the updated

logic now for MCC-II Inlliated abort/conlingency reque.t. The major
change Is as Call aWOl

At one lime, the abort. light could Indicate ellher an abort
or COl and would .ub.equently be turned 0(( Cor a COl. The
light. now will be turned on only Cor an abort and will not be
turned 0(( later.

2.1 AIlORT AND COl MODE DECISION FLOW CHARTS (Page 4-1)

The updated Aborl and COl Mode D.ci.lon Flow Chart (Flgur. 2-6) Is
bas.d on th. a ..umplion that two valid abort or COl cu•• have b••n ascer

tained by th. cr.w. 11 .how. Ih. <rew and ground proc.dure. plu. Ih. data
n••d.d by Ih. crew 10 .".cut. Ih. prop.r man.uv.r.

2. 1. I Ollbeard l'rocedur •• (l'ag. 4-1)

The Mode I aborll are r.lallv.ly .Iralght Corward and ....ntlally
automalle wllh M dala requlr.d by Ih'l Cr<W Crom th. ground.

Aborl Mod.. 11, Ill, and Mode IV and AI< COl are con.ld.red In the
now. (rlgu'e 2· 6) Cor the Coli owing ca.e ..

Cue A. VoIce communicallon betwe.n cr.w and Mce.1I
edets.

Cu. Il. Voice cOlnhlunkatl"n bUw.en trew and Mee.1I11
1081. but the onboard G~N Is operallona. (I. e. ,
OW (0).

C... C, VoIce communlcallon betw.en <leW and MCC.II Is
10.1, and the onboa,d O~N I. nonoperallonal.

C.... Il and C have nol bHh changedl howev.,. Cu. A h... I',.vleu.ly

In a Cue A .1Iuallon, Ihe abort 0' COl .node and Ihe SCS hlanNver dala

we,e delermlned by the groUl\d and Ihen voiced 1<> the c,ew. Now, the SC5
. '. ac:::__ .•.~""~

tnall!'uy.. t.!!~la...are volc<d 10 Ihe crew only II tbe OiN If NQ-QO.
"--.---.-.-----~-:~:::-:-:--".:.======-===_-:_"7"_::::::_. :.--- "-_..._- --- .--.• - -----
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Figure Z... 6 shows other changes when compared to the baseline now
chart (Figure 4-1 of Reference I).

a) All references to ."G!N In 1'00" by MCC-II when the
G!N 10 NO-GO have been deleted.

b) The GET of 300K' 10 actually used rather than 400K'.

(Note, OET 300K' should replace OET 400K' throughout
the Launch Abort Mission Techniques).

2.3.2 MCC-II Procedures (Page 4-10)

The ground determines the required abort hlode from a variety of

launch digital and plotboard dloplays monitored throughout the launch ph..e.
There are two categories of abort mode decisions.

(

a) Orbit GO and COl Oeclslon.

The orbital GO decision 10 b..ed on a RTCe computed
value of the veloclty (Vp.1 required at the present altl
tude and 'Ito achl.ve a perigee altitude (70 nautical
trilles). When the Inertial velocity becomes equal to, or
greater than, Vps' a oafe or GO orbit h.. been achieved.

It a GO orbit " .. not been achieved and crillcal .ystems
are GO, MCC-II determln.. If COl upabllity e,,101l
(COl upabillty 10 outlined In Section 2. II.

The dllcuilion 01 the orbit 00 and COl dee ilion. In
Reterence I are ulII valid with the exception 01 the
Mode IV voice ullout data. It the Mode IV maneuver
II u.ed, the ground will .tand by to back It up with a
.Ingle Impu"e burn at about 2 • OS (II polilblelin cue
the Il,aneuver cannot be Initiated prior to I • 30.
Prevlou.ly, the Mode IV voice ullout data consl.ted of
(II report GO Mode IV and (Zl the SCS nlAllOUver pa rall\
elefl, Now, lhe maneuver p.aramelell will be p....d
only In lhe event lhe OIN Is NO-GO. The voice data are

II Report 00 Mode IV

Z) It OIN II NO-ao, PUll

• OEll

• AV INS

• In
• I'ltch at Ignition



F, 2

b) Inlmcdiate Reentry Decision

I( a COl maneuver Is not possible, then an Immediate
reentry maneuver (Mode II or II1l Is determined. I(
the RTCC ~omputed Cull·IICt Impact point (RIPlls no
greater Ihan 3,200 nautical miles. Mode 11 will be Indl
~ated on Ihc launch digital display. I( communications
exlsl. MCC-lI will volec Ihe Collowlng 10 Ihe crew,

11 Reporl NO-GO. Mode 11 aborl

2) Pa .. , Full-IICt enlry prome
O~T 300K'*
Pitch al 0.05g"
O~T drogue
Recovery Itrrte"
1Iiackout time' (I( any)

The Ihree llems 1I'led above which have an aslerlsk
repre,enl change, or addition' In ReCerence I
and are reClecled In Ihe updaled Abort Mode II Flow
Chari (Figure 2-n The'e ~hanges aho apply 10
Ihe Mode III and IV now ~hart.. Since Ihese were
Ihe only change. lor Ihe Mode III ~harl. Ihat chari
Is nol reproduced. the Mode IV ~ha.rt has been
updaled and Is presenled In Ihe Collowlng .eclton.

2.4 AllORT MOO~ ANI> CONTINO~NC\' MAN1:UV1:R FLOW CIIARTS
(Page 5-11

the dWerenl aborl Illode CIow charll are presented In delallin

Relerence I and the Inlenl 01 this section Is 10 update only Ihose 1I0w. which
required substantial change ••

2.4. I Aborl Mode I .'Iow Chart lI'.gc 5-.)

The relerence now ~harl does nol require any ehange'l however, It
hu been polnte,1 oul In IlHerence. 18 and 19 Ihat a water landing II

required IIlhe CM RCS Is nol dumped lor early aborll (Mode II. Relentlon

ollhe CM I\CS .. planned as a result 01 the Apollo 15 parachute lallure.

2 2

)

)
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The Mode 1 abort procedures given in Table ZoO I will be used (or the

voice and no voice cases, with Table ZoO Z presenting the basis (or selecting

75 seconds as the Res burri/no burn crossover time (or the no-Yoice

Mode I aborts. It should be emphasized thai these procedures will not

cover all abort situations (I. c., launch vehicle dispersions with a tracking

or conmlunlcatton Callure); however, these procedures cover the most
probable error cases.

2.4. 2 Abort Mode II Flow Chart (Page 5- 5)

The Mode II abort flow (Figure 2." was updaled to Include the
updated voice data passed to the crew. This was discussed In
Section 2. 3. 2.

2.4.3 Abort Mode 111 Flow Chart (Page 5.6)

Although the Mode 111 Abort }'Iow Chart Is not Included In this update.

there are two Items that should be noted. The (irsl update Is that o( the

data voiced to the crew as was discussed above. The second Item concerns

changing the time o( (ree (all (T}.}.) during the burn (rom I t 40 to

I t 00 secorids. TFF ' I t 40 Is based on allowing suCCIcient time to get to

the burn attitude which Is already a«onlpllshed. the baseline documenl

describes the procedures (or CSM/s-IVn separation and 51'S (allures.

I'osslble SI'S burn or entry altitude updates which result (rom estimated

T}'.' becoming leu than 60 secorids are also taken Inlo account. the crew

can obtain aT•••• eSlllnate (roln ellher the USKY display or by voice (rOI11

the groU!1,I. (MCC-" predicts the T•••• estllnate at 51'S tetlnlnatlon. I

2.4.4 Mode IV COl I'low charl jl'a~e 5. II.

the Mode IV COl .'Iow Chart and the associated rationale given In

the baseline document required IllaJor revisions (or Ihe J series 1l,lsslonsl

IhercCore, rather thall listing all the changes, Ihe cOlnplete section Is

reillaced by Ihe lollowlng I,aragraph, and .·Igure 2-8.
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Table 2-1. Mode 1 Abort Procedures (ReCerencet9)

Auto dump means thst the Res Is automatically dumpod through
the aCt heat shield

2 Real-time procedure used whereby the ground will advise the
crew when the predicted Impact point Is satlsCactory (water
landIng I. This call Is based upon the SC's predlcled Impact
poInt Coli owIng an abort accounting COr both predIcted LES
Impulse and predicted parachute drHt ((rom wInd data measured
at T - 120 mInutes). These data plus tracking uncertainties are
uSed to construct a limit line extendIng seaward Irom an accept
able water depth 01 10 leelt. The ground call assumes the pres
ence 01 trackIng and communication with the spacecralt. S-band
tracking during a Mode I abort Is not guaranteed and may
require switchIng 01 the omnl antennas durIng the abort
.equ~nce.

q



Table 2-2. Basis Cor Selection of 75 Seconds as Burn/No-Burn
Crossover Cor No-Voice Abort (Reference 19)

Analysis Inputs and Assumptions

• Nominal LV slale veclor al aborl (AS- 511 prelln11nary operational
trajeclory)

• 100-degree launch admulh (worsl case).

• I':OS pltch and pltch- rale IImlt. - UP range

• -3 .Igma lower mlsallgnmenl applled 10 Apollo 15 Ll:S

• Nominal Apollo 15 aborl weight. and mass properties

• Upper Ilmlt on baro.wllch (maximum time on main.)

• Wind profile - 99 percentile annual from 65 degree. (woul atlmulh)

Analy.1s Re.ult.

• Aborl. Ihrough 70 .«ond. - land landing

• AborU beyond 70 .econd. - waler landing

Ileconunend Biasing Crossover Time by 5 Second.

• A«ounts Cor possible dtICe ..neu belween

• AS· 511 prellmlnary and lind or LV siale veclors

• Apollo 15 and Apollo 16 LM thrusl veclor allgnmenl

• Apollo 15 and Apollo 16 weIght. and maSS propertle.

• Allow. lllghl crew 10 Iraln with conllanl crossover time

-.
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The nominal Mode IV COl sequence ol events aCter CSM/S-IVB sepa

ration consists of the following:

Digital Event
Timer

o + 04

o + 06

o + 24

ASAP
(I + 30 ma"l

*Start ullage +X translation (maintain Cor 20 seconds I

11 necessary, damp rates with sM RCS

Terminate +X translation. Maneuver CSM to FOAl
ins..tion attitude

Ignite SPS thrull (posigrade burn). Durn until
required SPS AV Is achieved.

I

"

(

Like the Abort Mode 111 l'lo,," Chart, the Mode IV tOI Flow Chart

(Flguro Z-SI considors tho possibilities ol either a CSM/S·IVn separation
Calluro or an SI'S lalluro. The procedures lor theso Callures aro relorred

to In tho CSM/S-IVD separation lallure and SPS Callure !low charts.

respectively. Either lallure results in an Inmedlato reontry.

The Mode IV burn should begin as soon after tho Modo IV maneuver
dedsion as possible. The crew will pitch the vehlde as required to estab

lI.h h at toro until tho appropriate cutoll VI (onboard chart) Is altain~d

(h ~ 70 nautical miles,. The initial pitch altitude should be biased highl' .
to preclude hp be<omlng Ie .. than 70 nautical mile., This Mode IV COl

O!N technique Is the prime method. It aSSume. the pre.ence oC an accept

able O!N and the capability to perCorl11 a SCS burn. U the O!N technique Is
not po.. lble, the ground will pa .. a SCS CI"ed altitude A1ngle (n1puloe burn

at Z + OS Oi:tl It pooalble. FIgure Z-S shows the logic Collowlng a Mode IV

COl burn declolon.

The COl Alteh1pt will be abandoned Cor an Immediate reentry It Tl'r
reaches the I +40 threshold and I. decreasing. Once the 'pecltied SI'S

burn Is compleled, an orbit OO/NO-OO ded.lon 10 IHade Identically as Cor

an S-IVIl cutoll, the \lrocedure Callowed .. Ihe ,.hle as IhAl \lresented In
the Abort and COl Mode Deelslon l'Iow Chart Wlgure Z-61,

'Qror Mode IV Abor... a '-.econd (our-Jel ullaRe I•• uCCldenlto guaranlee
booller uparatlon.

. .
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2.4. 5 Apogee Kick COl Flow Chari (Page 5-15)

'I ho Apogeo Kick COl Flow Chart Is the same as the Mode IV COl

Flow Chart (Figure 2-8) with the Collowlng exception..

al The AK SPS burn O£T1 occurs when the CSM reaches the
apogee plus 2 minutes" position In orbit as opposed to
I t 30 aCter the J-IVI3 cutoCC oC the Mode IV.

hI TFF monitoring Is not meanlngCu,1 because the TFF Crom
the' 'lOgee position In orbit Is always much greater than
the threshold value oC I t 40.

2.4.6 Other Flow Charts (Pages 5-15 through 5-271

The pre-TLI CSM/S-IVI3 separation Callure techniques are correct

as given In the baseline document. The NO SLA SEP procedures Cor post

TLI arc given in Section 13. I. The techniques in the other flow charts in

ReCerence I remain virtually unchanged. These Include the SPS Failure

Flow Chart, Manual Take·over Flow Chart, and ESS COl Maneuver Flow

Chart.

2.5 NO TLI DEORBIT (Page 17-18 oC ReCerence 20)

As discussed in Section 3•• , the circular earth parking orbit altitude

was lowered from 100 to 90 nautical miles to increase the laWlch vehicle

payload capability. Lowering the earth parking orbit altitude caused the

Cree fall tinlc (RETE!) to 400. 000 fcet following a contingency dearbit to be

reduced, which inlpacted the NO TLI SPS dearbit procedures. In a retro·

fire (or a nominal 2-1 (west Atlantic) landing, the value of RETEl was

increased by changing the horizon position in the window from 3 .. 7 to

15 degrees (Reference 21). This maneuver attitude reduces the negative

radial component of the retrofire maneuver which increases RETE! as

sho\\'ll in the table on the following page.

':'Apogee plus 2 minutes is the update rather than apogee (pre-Apollo (5).

z- 23
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(fIeads-up)
Clrculor Orbit Wlndow/llorlzon nUln RF.Tf;1 lip

-)In mil (degl !!!L.tt£.l (nlinlScc) !JLin!.l
100 (Apollo 14) 31.7 (old) 3Z5 10:41 ·14
90 (Apollo 15) 31.7 (oJdl 3Z5 8:42 - ZZ
90 (Apollo 15) 15 (new I 250 9:46 ·19

b

/I should be noted that the 31. 7-degree lino Is stili used Cor Mode III and

Mode IV launch aborts. Also. ReCerence 17 states that the Z-I landing Is

not available (or launch azimuths grcattlf than 86 degrees because there

are Islands In the Cootprlnt.

Specllically, the procedural changes which reflect the IS-degree
window nlark chango are

a) The TIG .. 5 minute horizon check is now at T1G ... 3 tHin
utes and the 3-degrec window mark l.s used instead of
the previous IZ-degrcc nlark. .

b) The TIG • Z minute backup GDC align angle Is now at
the 7-degree rather than 24-dcgree window mark.

c) The TIG attitude is now i'\t the IS-degree window mark
rather than the 31. 7-degree window line,

d) The attitude Cor CSM/S-IVB separation Cor pre-TLI
dcorbits is also changed (ronl the 31. 7-degree window
line on the horizon to the IS-degree window nurk.

2- 24
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3. EARTH PARKING ORBIT AND TRANSLUNAR INJECTION

This secllon discusses the updates to the Earth ParkIng Orbit and

Translunar Injection Techniques (Relerence Zl. Following a brlel review

01 the major mission evenls. these changes and addItions are discussed In

the order In which the subjects appear In the baseline document.

The launch vehicle will place the spaeecraCt Into a 90·naullcal n:~.

circular earth parking orbit. The g·IVB will be reignited during the sec'

ond revolullon to place the vehicle on a lranslunar trajectory targeted so

that a transearth return to an acceptable entry corridor can be achieved

with the RCS (or at least 5 hours alter lranalunar Injection (TLll cutof(

(I. e •• up to the lime of CSM docking with the LMI and so that an acceptable

earth return can be achIeved using the DPS unlll at least perlcynthlon plus

Z hours If the lunar orbit Insertion (LOI) burn is not perlormed.

3. I NINETY-NAUTICAL MILE PARKING ORBIT '(Entire Documenll

The altitude of the circular earth parking orbit has been lowered

from 100 to 90 nautical miles to gain payload capability. Lowering this

value decreases the Mode IV launch abort capability (Section 2.4. 4); ho~

ever, it increases the launch vehicle payload capability by approximately

700 pounds (Reference 22). The 90-nautical mile orbit also significantly

reduces the {rec-Call time to 400.000 feet altitude following a contingenty

deorbit, thus requiring some changes in the NO TLI deorbit procedures

discussed in Section 2.5.

3.2 TLI GO/NO-GO PHILOSOPHY (Pages 2-1 through 2-3)

The discussion of the TLI GO/NO-GO decisions in the baseline docu

ment is correct with the exception of the minimum acceptable apogee cri·

teria for a mininlum lunar landing mission. Reference 2 states that 1Tif an

accelerometer fails prior to the TLI burn, HOSe will determine the proba·

bility that the IU can still guide the b'ooste"r into a 65, OOO·nautical mile

apogee orbit. If that probability is one percent or more. TLI is GO

(~tission Rule). II For Apollo 16, TLI is GO if a reasonable probability. _

(FlijE!. Director's disc TeHan) exists ~_~~~~~~e an ~POJLee of _~~~~_~~!-1tical

-.!!lile..!~ _

3- I
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In tho pre.ence of TJ,J undersp.cd•• the capabUlly to fly a lunar orbll

mls.lon I. Increa.ed on Apollo 16 by decrea.lng the TLI apogeo rcqulre·

ment from 43,000 nautical mile. (Apollo 15) 10 Z?, 000 nautical mile. for

Apollo 16. This Is equivalent to a )5·.ocond TLI underburn rather than Ihe

Z3 seconds for Apollo \5. The Apollo. 5 value was based on tho first mtd·

course corrertlon (MCC· II at TLI t 3 hours. Heference 18 shows that h,nar

orbit rapablllly (correcting for underspeedslls gained as Iho time of oxe·

cutlon of MCC· I ,Cter TLi is reduced. The allowable underburn (35 sec·

ondslls the result of performing MCC·. at TLI + I hour. This requires

transpositlon, docking, and LM e"traCtion (TD~E) 10 be cempieted by TLI

t 50 nlinutes.

3.3 OPTICS GO/NO·GO STATUS CHECK (Page 4·41

On missions prior to Apollo. 5, TLI was NO-GO If an acceptable IMU

was not available after a P5Z. For Apollo 15 and subsequent nlissions, the

SXT and SCT may fail and TLI still be GO. In Ihis case, tho CSM COAS

will be calibrated and P54 (Backup IMU Realign) \vill be used to establish

an acceptable IMU.

3.4 TLI PREPARATIONS (page 4-91

The TLI sequence of events is essentially unchanged except for the

event times between insertion and TLI. The TLI preparation consists of

testing the EMS AV cOW1tcr and checking that the TLI burn nlonHoring and

G&N switch settings arc properly positioned. (The reference docunlcnt

states that the EMS is not required to monitor the TLI burn. \vhich is no

longer valid. as discussed in Section 3.6.) The TB6 light will conle on

scon after MSFN verifies TLI GO and Pyro Arm. This light signals the

beginning of the S-IVB restart preparations and ren1ains lighted for 38 sec

onds. If the Ta6 initiate light does not come on. the crew \"'ill continue

their normal procedures. If the sequence does not actually start. nothing

is harmed. and if it starts. there is no reason to stop for a light failure.

The digital event timer (DET) is started fronl about 51:00 minutes, when

the light goes out. TLI ignition should occur when the DET reads

00:00 minutes.

3-2
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Prior to Ignition, 1'15 (TLl Cutolfl Is leleeted, and the OSKY dll·

playl the AV components. The CMC enters the average-O routine and the

PII'A'I arc checked. TLl Is NO-OO If a PIPA has fatled. Arter thll, the

crew leleetl the display of VI, Ii, and II.

3.5 TU BURN ATTlTUO£ CII£CK (Pagel 4·12 and 6.91

The attitude check (COAS Is let to the horizon) performed about

25 minutes arter earth orbit Inlerllon (£Oll on missions prior to Apollo 15

has been deleted because It Is redundant with MCC·1l and crew monitoring
throughout the earth parking orbit phase.

3.6 TLl CUTOFF MONITOIUNO (Page 5·1)

The S·IVB TLl burn Is monitored by observing spacecraft attitude,

attitude r.,tes. and velocily. The burn Is terminated \( anyone of the fol

lowing linlits arc exceeded I

a) Pitch or yaw attitude rate exceeds fO degrees/second.

b) Pitch or yaw attitude deviates more than 45 degrees
born the nominal.

c) Auto shutdown has not occured by Z seconds after CMC
indicates the nominal cutoff velocity.

The first two limits are identical to those stated in the baseline document;

however. the third one has been changed from the (ollowing:

CMC indicated velocity is greater than its nominal
lilllit at injection (VI PAD data)~ if the ET indicates
a value greater than the nominal burn time (BT PAD
data) plus 6 seconds.

The reason for the update is to reduce the magnitude of a possible overburn

which may require subsequent excessive midcourse corrections. The pre

vious technique could result in a cutoff velocity of VI plus the Wlcertainty of

burn time (approximately ±IO seconds) plus 6 seconds. Terminating the

burn at PAD VI plus 2 seconds will insure the capability of a lunar landing

in the case of an overburn. Should this cutoff be earlier than desired, the

efCed is not catastrophic, and a midcourse correction can he performed to

obtain the lWlar landing capability. For this same reason, the TLI burn is

not trimmed.

•
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On Apollo IS, lhe lechnlque was 10 burn 10 depletion In Ihe evenl 01

a O&N lallure. The rationale lor Ihls decision Involved Ihe Inablllly 01 Iho

entry monitoring system (EMSllo adequalely supporllhe desired cutoll

accuracy and the la'" thai Ihere was only a lew seconds 01 overburn capa

bility. Ilowever. the Apollo 16 vehicle Is capable 01 overburns up 10

IS seconds (Relerence 171 al TLI; Iherelore, Ihe EMS will be used lor

Ihrusllermlnatlon II the CMC lalls. msperslon analysis indlcales Ihe

ground-predlcled Injection velocily error can be up 10 6S leel per second.

and Ihe EMS has a 1.3 percenl (3'1 error: Iherelore, TU will be lerml

naled when Ihe EMS reads' ZOO leel per second, and Ihe CMC Is Ialled.

The lunar orbll or Iree relurn IraJeclory wi1l Ihen be re-eslabllshed wilh
TLC nlldcourse corrections.

For Apollo 15 and subsequent Iniss ions, the inertial velocity target

lor PIS (TLI Cutom and the EMS AV targels passed to the crew by MCC-Il

lor TLI will nol contain the J-Z tailoll AV. This means that the CMC V
OO

and EMS I:1V residuals arc nominally equal to the lailaCe AV after TLI
cutoUt

3.7 MINIMUM LUNAR LANDINO PIllOIllTY (New Section)

The lnininlW11 lunar landing mission profile is based on the progres

sive alterations to the nOlllinal profile. These alterations to the nominal

profile, given by priority are

1) Relax: return inclination

2) Earliest possible 111idcourse correction (........ TLI + 3 hours)

3) Give up LOPC-Z

4) One extra da)." in transcarth coast

5) Reoptimizc landing-site approach azimuth

6) Earliest possible t11idcourse correction (- TLI + t hour)

7~ Slo\vest poSSible translunar coast - higher SEA (DPS
abort and MSFN coverage linlitcd)

3-4
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8) No post-ucent science (earliest pOlllble TEl)

91 Minimum TEl AV (If It lAves AV and slays wllhln
300 hOUri total million time)

10) Shorlell pollible lunar surface slay time - I EVA
(minimizes LOpe-I)

II) LM yaw sleerlng on lunar ucenl could save aboul
50 feel per second of SPS fuel

3- 5
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( 4. TRANSI.UNAR MIDCOURS£ CORR£CTlONS AND LUNAR
ORBIT INS£RTlON

This secllon discusses the updates to tho Translunar Mldcourse

Corredlon and Lunar Orbit Inserllon Techniques (ReCerence 3). Following

0\ hrler review ot tho ..najar mission events, these changes and additions

arc discussed In the order In which the subjects appear In the baseline

document.

Shortly alter Injection, the CSM will be separated from the S-IVB/

SLA 1.1.1 using SM RCS. The CSM will turn around and dock to the LM.

Separation of the combined LM/CSM from the S·IVB nominally will be

achieved within Z-I/Z hours aCter Injection. The S·IVB will then perCorm

an evasive ntancuvcr to alter its circumlunar coast trajectory clear of the

SC trajectory. At approximately 5-3/4 hours aCter launch, the S·IVB wlll

per(ollll a midcourse correction to achieve a trajectory that results in an

S-IVB lunar impact. A second midcourse correction will be performed by

the S-IVB at approximately 9-1/2 hours GET which reduces the 30 error

uncertainty of 1335 kilometers.

During TLC. se midcourse corrections will be made. if required,

using MSFN (or navigation. The 81M· bay door will be jettisoned about

4.5 hours prior to LOI. The SPS will be used Cor LOI which will place the

SC in a 60- by 170-nautical mile lunar orbit.

4. I SEQUENCE OF EVENTS (Page I-Zl

There are several updates to the reference timeline as shown in

Figure 4- t. The n1ajor updates are

• LM. intravehicular transfer (IVT)

• Suit donning practice

• Star/horizon sighting

• SlM bay door jettison

The lirst two items are briefly discussed in the following pal"agraphs, and

the last h"lO are discussed in Sections 4.4 and 4. 5, respectively.

4- I
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Tho I,M IVT has been moved about a day earllor than shown In the

roferenco documont. Moving IVT to about 34 hours GET allows more time

for problem solving, should any malfunctions occur. The second IVT Is

scheduled at about 56 hours GET. The POA DON/DOFF exercise was

moved (rom 72 hours GET (on Apollo 15) to the second IVT (I,M house

keeping period) for subsequent missions. For Apollo 15. the crew was

required to be suited up (or the Jellison o( the SIM-bay door. This require

ment was dropped (or Apollo 16 and 17. The POA DON/DOFF exercise Is
slill desirable training and moving it back to the MCC-3 period relaxes tho

timollne just prior to SIM-bay door Jettison. Figure 4- Z shows a more

detailed time line (or tho pre- LOI porlod.

4. Z OPTICS GO/NO-GO (Pages Z- I and 5-8)

The first LOI preburn activity consists o( performing an IMU align

ment (P5Z1 and drlCt test (Figure 4- Z). The alignment Is checked using

auto optics to a third star. In the event o( a CSM optics (SXT, SCT) (ail

ure. the LM IMU will be powered up and aligned using P51 and P5Z. The

CSM IMU will then be aligned to the LM IMU (nominal docked alignment).

The LM IMU is required because an uncalibratcd CSM COAS cannot neces·

sarily provide the desired alignment accuracy and may be blocke,d by the

LM structure. The 30 alignment accuracy (per axis) (or the COAS given

in Reference 13 is

Calibrated O. 7 deg

Uncalibrated Z. I deg

The same reference shows the docked alignment accuracy is 0.81 degree,

which is adequate {or the subsequent MeG's and LOI. Therefore. LOI is

GO in the event of a CSM optical (SXT •. SCT) failure. (The docked align

ment accuracy can be improved to O. 18 degree using the eigenvector align

ment technique discussed in Reference 13. with nominal PTC and MeC

attitude maneuvers dUring TLC. )
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4.3 MCC TRIM RULE (Page 3·~)

The MeC trim rules given In the baseline document are correct with

the exception oC Ihe MeC·4 value. The baseline document stales that

MeC·4 VOX Is trimmed to within I Cool per second. The value has been

lowered 10 O. 2 Cool per second which 10 conslslenl with the olher Mee

values. It should also be polnled out Ihal an SPS McC maneuver will be

lermlnaled I( the pilch or yaw atlllude rales exceed 10 degrees/second or

I( Ihe allilude deviates more Ihan flO degrees with shuldown being per'

Cormed al burn time plus I second If required.

4.4 1'23 STAR/lIORIZON SIGIlTINGS (Pages 4·1 and 4·21

One balch oC 1'23 slar/horlzon slghtlngs will be made on subsequenl

Apollo missions. This balch oC slghtlngs at 8 hours 30 minutes OET. will

consist or livtl' nl3,rks on each ot (our stars; two with the hear horizon and

Iwo wllh Ihe C.r horizon. These 're evalualed by MCC·llI0 delermlne Ihe

e.rlh horizon bl.s (610 above Ihe }'Isher ellipsoid e.rth model In Ihe CMC.

The horizon serve! as a reference (or the crew in the event of a

no-co'llillunlc.tlon lransearlh and enlry (Section 13.5). The TLC I'll

slghtlngs correspond 10 the range oC Iransearlh I'l3 slghtlngs al aboul

EI - 5 hou... Moving Ihls balch e.rller Ihan on previous missions .llows

Ihe slghtlngs 10 be performed prior 10 Pl·C Inltlatlon, Ihus deleting a

IHaneuver. On 'Hissions prlot I~ Apollo 15. Iwo b.lches oC slghtlng were

scheduledl however, nlghl-Io-nlght variances In Ihe value 01 "'1I's Indl

<sled Ih.1 multiple h.lches are nol necel .. r~·. Should dlllicultles develop

In Ihe Clrsl bald. oC Ilghtingl, anothet balch would be perCormed al ahoul

28 hours 0\:1. The horlton hlal (tolll. will he updaled only I( Ihe calcu·

laled All dWe.. Itom Ihe cMC t-'nemory value by more Ihan 5 kllo,nelero.

The uplink, I( required, will o«ur heCore ILl , 55 hou...

The ground wtll provide a I'll sighting allilude which avoids relle<led

light Crom Ihe LM. Aho. Ihe Olaf selOttlon proce.. wlll Insure Ihal Ihe

line 0( light Is lar enough Irom Ihe sun 10 Iltohlhll Stallercdllght Illlerler

ence. and Ihe lun elev.tlon .ngle oC Ihe horizon luhslell" polnl II greAl.,

Ihan 15 .Iegrces.

• t



4.5 SIM-DAY I>OOlt JETTISON (New Section)'!'

The SIM will be 1I0wn on Apollo 15 and subscquent Apollo missions.

This module Is mounted within one of the bays of the SM and Is protected

during launch, earth orbit, and translunar coast by the surlace structure

of the SM. This surCace covering to the SIM bay (commonly reCerred to as

lhe SIM-bay doorlls pyrotechnically severed and jettisoned Crom the CSM

at 1.01· 4.5 hours with the CSM plus X-axis pitched down 148 degrees

Crom the local horizontal poslgrade, yawed 58 degrees out oC plane to the

north and rolled right 59 degrees (lunar- roCerencedl. This attitude avoids

sunlight In the SIM bay. permits S-band steerable antenna communlcaHon

,vlth the earth, and results In a middle gimbal angle of 0 degree (PTC

RErSMMATI, which precludes the possibility oC gimbal lock

(ReCerence 241. Sunlight must not be allowed In the SIM bay IC the pano

ramic camera Is Urtstowcd. If the camera is sto\\'cd, the allowable Hille

Cor conHnuous sunlight In the SIM bay Is 13 minutes. ReCerence 25 pre

Sents the results of a thermal analysis oC the panoramic can\cra lens bar ..

ret and doscout panel. The critic-at temperature t:!nvclopc is contained
within the values 01

0, 60 to 145 deg

': ' - 10 to 110 deg

where 0 .nd : 're the two .ngles de lining lhe sun line with respeelto the

.p.cecr.Ct eoordlnale system. lhe .Itllude Is .Iso conltr.lned by •

rcquJrcll'lcnt (or high-gain antenna (S"band cOJl\ll\unlcallon) coverage to

Insure the grouud Is receiving hlgl,-bit-r'le d.l. shoul<1 problems occur
.s • result 01 ti,e jetHson,

No recontact h.!I.Ards Arc anticipated. the rdatlve luatlon (or the

norm.l jettison velodt)· Is 13,7 Ceet per so<'ond which places the SIM.b.y

door 26 nautical miles .bove. 5.6 nauHeal miles behInd, .n,1 8.4 nautle.1

miles north oC lI,e Ip.<eer.CI .t 1.01. ~h~lnl\lm Jellison ,lIspcrolon& In

dlredlon (110 ,Iegree., an,1 velr,dll' (l2. 7 (ccl per srcon,l, do not ..Iveroell·

ar(eel thiA rel.llve po&llI"n, "hlel, 10 s.Ce Cor either a I1Omll\Ol, pHII.I, or

i )...

-
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zero LOI burns. ReCerence Z6 Indicates that SIM-bay door jettlson may
occur Crom LOI - 5.5 hours to LOI • 1.5 hours (nomlnaUy perCormed at
LOI - 4.5 hours) and poses no recontact hazards. Also, rio recontact haz
ard exists Cor LOI abort maneuvers.

4. 6 LOllONITION DELAY (New Section)

The ba.ellne document does not address the problem oC a late LOI
burn. A late LOI Is not anticipated; however. a Ilmll has been e.tabll.hed
(ReCerences Z7 and ZS). The perUune altitude decreases IlnearUy Crom

about 60 nautical mUes (on-time LOll to Impact (In seconds late LOll.
Since 5 nautical mUes Is the minimum acceptable perUune allllude, the
maximum value Cor a late LOlls IZO second.. Should this be violated.
LOI will not be allempled.

Ills poulble to recover Crom a delayed LOI slluallon wllh ellher a
one- or lwo-Impulte DOl ."aneuver .equence (ReCerence Z9). The single
Im\>ulte 001 would occur approxlmalely two revolutions aCler LOll whereas,
lhe two-Impulte aequence would' require the Ural, burn about 1-1/2 revolu·
tlon. aCter LOI and Ihe .«ond aboul 1/2 revolution aCter Ihat. The .Ingle
burn It preCeuable In order 10 malnlaln the timeline and aUow landmatk
hacking Cor de.cenllarSetlng. (The .Ingle-burn l>V cot! It aboul
1·1/2 time. gresler lhan lhe 260 Ceel per 'Hond Cor lhe Iwo-Impulte w!lh
a 1Z0·.econd LOI delay.) ThereCore, Ihe .Ingle Impul.e burn It perCormed
f( lhe SPS reserve. allow. In lhe evenl lhe Ilm!led lucking dAia belween
LOI and (lral apolune (AOS • 3S tillnulet) Indlcale an unlafe perilune, a
'null burn 10 ralu hp will alto be perCormed, Il .hauld alto be noled thAI
a IAle LOI will probably require a O1:r updale (Section 1.3, II. and a delay
In LOllntroducOl euou Inlo Ihe LOI abort chull (SeeUon 13,3).

.~--=-J
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5. LUNAR ORBIT ACTIViTIES

This section discusses the updates to the Lunar Orbit Activities
Mission Techniques (Reference 41. Following a brief re ....lew of the major

events In this mission phase, the changes and additions are discussed In
the order In which the subjects appear In the bueline document.

Onte In lunar orbit, the CSM will be used to transport the LM Into an

orbit of approximately 8 by 60 nautical miles. Should this maneuver (DOl)

result In an unsafe orbit. the csM will perform a DOl bailout malleuver to

return the vehicle to a safe orbit. Further adjustment to the orbit will be

made with the DOl TRIM In revolution 9 I( required to Insure appropriate

1'01 conditions during revolu!!on 13. Two ..tronauts will subsequently

enter the LM and perform LM checkout. The CSM will be separated Irom

the LM using the SM ncs.

The CsM orbit will be drcularlzed (CIne) at approximately 60 nauti

cal miles shortly after eSM/I,M separallon (1/2 revolution bdore I'D1) and

<onurtenCe landing site (SXT) ob,ervatlon. Just prior to PDI, the flnd LM

deHent targeting and landing ,Ite updating will be accomplished.

During lunar orbit, the SIM equipment will be placed In operation.
The Particle, and I'leld, Satellite (l'U'S) will be ejected Irom the SIM bay

prIor to TEl. The 511.1 cahlera, and booms will be retracted Into the SIM
bay prior to any SI'S maneUVer. I( any bOOlrt lalls to retrad, It will b.

jettisoned prIor to SPS thrusting.

About 10 revolutions prior to the LM ascent during revolution 50, the

eSM will perlorn, a plane change to pa.. over the landIng site approxl·
mately at IIlt·oU. About 38 hllnutes aller /,1.1 Inserllon, an AI'S 11'1

maneuver will be pilrlormed, Olhor /,1.1 MCC and TN' maneuvers will be
made using the /'~Iltes. Alter docking. both 1.1.1 trewmen wllltnnder

to the CSM with the lunar lurlace lampl.s and lh. expoled 111m, The 1.1.1

-"111 be leparated from the eSM ul1ng the SMiteS during revolution 54.

1

I
I
I
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/Juring revolution 73 (Iwo revolulions prior 10 TEll. Ihe CSM will

perform an SPS shaping maneuver to place the SC in the appropriate orbit
(It '" 85 nautical miles. h '" 55 nautical miles) (or Ihe ejeclion oC Ihe

a I'
P&FS. The ejection occurs approximately 30 nlinutcs after the maneuver.

5. I I.UNAR OHDI T TIME LINE (Page 2· 2)

I )
.~.

The pre·PlJI I.M acllvalion Iimellne has been shorlened (Figure 5·1, )

to increase post-touchdown EVA thnc on the lunar surCate. Thls shortened

sequence results in a lunar landing on revolulion 13 ralher Ihan 14. The

dele led revolulion was Ihe one which conlalned Ihe high orbit landmark

tracking and results in PIJI being Jusl one' hall revolulion after cllte. This

phasing change causes major revisions In Ihe descenl aborl profiles

(Seellon 7. O. Landmark tracking Is nol required (or landing because Ihe

landing site errorl (Cor Apollo IG) are nollargo enough 10 prelenl a crew

sa(ely problem. Thll could change (or Apollo 17. depending on Ihe £ina!

lite I<ledlon. Addilional rela"atlon o( Ihe pre·I'DI lime line wal oblalned

by d<leling Ihe lelevislon coverage. cerlaln Updalel. and Iho 001 TIHM.

(I( • /l01 TRIM Is ,'equlrod. Ihe creW will wake up 2 houri earlier 10

:\('('oIl1V1hlJ the 111.1nCUvcr.) Also, !cv~ra.l updates and uplinks arc tnovcd

or ('omblncd \\:hen C'ompa.rcd with the baseline tltncllnc.

5.2 DESCENT ORlllt INSERtiON MONITORINO (Page 4-11

Tho descenl orbit inlertlon (tJOllmaneuver Is performed Iwo revolu

tlonl a(ler 1.0110 place Ihe I.M In Ihe proper condition (or I'lJI (GO- by

8-naull<almlle orbit ,vlth Ihe 1.11 al perJcyrilhlon (or I'/lll. the ph)'llolog
leal cUe' and Ihe altllude and a\lltude rale IImltl (110 degree I and

110 deg,ee,/.ol'ond' (or monitoring 1>01 have nol changed; however. Ihe

Iritllll\lng rule. have.

The /l01 burn «(or Apollo IGI will place Ihe docked "ehlde on a lunar

lmpaellraJ«lor)' wHh overLurn o( I lecond (10 (col per l«on<1I or grealer.

Thu., a manual 51'S IhuldM\n will be e,,«uled by Ihe crew allhe groun,l )

?rellicletl !Hun tlllIe. If a /l0l overLurn II IndlcAlell. Ihe <fe'" ,\-1\1 it\ll1\o<lI-

atel)' Irllll (no 111\1111 Ille valid I)-siem to \\1Ih1n I (dOl per lecond to Insure

tl1~lntC'n"ncc 01 a. ~arc orhll.

)-
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Several items must be considered In selecting the method of trim
ming RCS thrusters or S1'S. The 30 error In predicted burn lime Is

0.5 second (5 Ceet per second): thereCore, I( the G~N shows a residual
greater than +5 Ceet per second, the EMS must be belleved so long as It Is

within 5 Ceet per second of the nominal AV. The monitoring technique will
permit an overburn oC 2 to 4 Ceet per second (crew reacllon time of O. 2 to
0.4 second), and this must b~ considered In evaluallng perlcynthlon condl
llons. I( a positive residual remains In the G~N, the monitoring technique
has caused shutdown, and any overburn residual In the EMS must be

believed. Overburn residuals In both the G~N and EMS Imply G~N prob
lems eldernalto navlgallon and require trimming oC the conservative
(Iargerl residual: whereas, an underburn will not be trimmed. The·X RCS
thruster has a 2. 2· Cool per second maximum on-lime Impingement con'
stralnt, and the S1'S has a 0.5- second nllnlmum on-tlnle c6nstralnt: the.. 
Core, the 001 overburn trlnimlng rules are as Collow..

• Underburns (positive resldualsl will not be trimmed.

• Overburns wlll be trimmed to within 1 Cool per second•

• }'or overburns leu than 2. 2 Ceet per second, trim
to within I Cool per second with the ·X SM RCS
thrustor ••

• }'or overburn. greater than 2.2 but lea. than
10 Ceet per IOcond, pitch 180 degru. and trim to
I Cool per .econd u.lng IX 8M Ites thrusters.

t Itulduall greater than 10 Ceel per second will be
trimmed using SI'S.

• I( the ONeS 11u obvloully maUunctloned, the negallve
ruldual Indicated by the tMS will be trlnulled.

It should be emphulted that DOl will be execuled In Ihe .Ingle bank
llIode and that there WIll be nO change Inlhe I'U valve during Ihe lui )0 t6
60 .ec6nd. 01 the 1.01 burn In order 10 have a conllani thrult lor SUbsequent

burnllme cstlmatu. (Ourntlme prediction. u.lng the dual bank burn. are
Ie .. aHuule than .Ingle bank AI O" beuu.e o/lhe untertalnly aboul the
time when lhe 'Hond bank lIarll., DOl II Ihe only burn grealer than
6 .econd. 10 be per/ormed In Ihe .Ingle'bank IlIOde.
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5.3 DOl BAILOUT MANEUVER (Page 4-2)

In tbe unllkelr evenl 11,.1 Ibe MSFN DOl montloring lechnlques indi

catc an urisa!e orbit. a canned 001 bailout maneuver will be accomplished

al Aos + 10 minutes. ReCerence 26 Indicates tbe bailout m.neuver can be

slipped to as I.te as AOS + 12 minutes and still rield a 4-nautlcal mile

hp altitude (I. S-second overburn'. Tbe hp Cor a STAY decision is defined

as th.t wblch will allow tbe minimum accepl.ble clearance over tbe most

constr.lnlng terrain peak In revolution 3. Tbe minimum accept.ble clear

ance Is determined br adding a pad oC I n.utlcal mile to tbe RSS oC tbe 3,

uncert.lntles oC tbe MSFN sbort arc and radius oC tbe mosl constraining

peak.

IC sbould be noled Ih.1 51'S gimbal molou will be turned oN if the

preliminary MSFN decision Is NO STAY. The~' will nol be turned ON unlll

a NO STAY decision, if the preliminary vote was STAY.

T.ble 5-1 defines the 001 bailout m'neuver. This maneuver has an

apolune .llIlude which allows a slnglo m.nouver b.ck to 11,0 Pili orbit and

hlgb-g.in .nlonna co\'or'go (RoCorenee 281.

Tablo 5·1. DOl n.i1out M.neuver':'

p

\
} \,

...". \
J,
I
I

I,
I,
!
I
I

I
I
)

I
!

l'ar:u1\cler

Hesull.nt orbtl if m.nouv., is
porCorm.,1 at AoS • 10.nin

H.sult.nl orbtl if lI,.neuv., is
perCorm.d al AOS • 12 .nln

Atllludo requlre.".nts (gltnb... ,

Atlltu,le require."enU (1.v1.1I1

Pitch up 8) dog to IN Ltl at
AOS • 10 min

61.1><5.)nmi

54.8 " ). ) II ml

lOA .118.6 deg
MOA. 0.0 deg
OOA. 0.0 deg

"ltd, " 8).0 lleg
\'a\v • 0.0 deg
Holl • 0.0 deg

)

;;,
Auumlng I.~. s.,un,1 ovc,burn at DOl ,esulling in .. 58.2· bl' O. ~·na\lllc.1
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5.4 DOl TRIM MANEUVER (Page 4·31

The DOl TRIM ma';euver (not to be confused with trlmn;lng DOl) Ie

not scheduled for Apollo 16 due to Its low probability. Should a DOl TRIM

(orbit adjustment Cor POI) be required, the crew will wake up 2 hours

earlier than planned on POI day and perCorm the maneuver. It should be

noted that IC a DOl TRIM maneuver Is perCormed and ror some reason POI

Is slipped a revolution, the crew will sleep (lrst and then perCorm EVA-I.

The DOl TRIM will be perCormed IC the esllmated hI' at POI Ie less

than 30.000 Ceet or greater than 70,000 Ceet. The burn will be targeted Cor

*a nominal !>erlcynthlon oC 53.000 Ceet and the Inplane horizontal component

wl1l be nulled to 1 Coot per second. This makes descent nominal. aids the
p2) slghtlngs. and restores the manual abort angles. The DOl TRIM will

be executed IC the wedge angle component (relative to the landing site) Is

greater than 0.5 degree Cor the same reasons. The DOl TRIM maneuver

will be monllored the same as the DOl maneuver using the same baUout
111Aneuver cx~cutlon criteria.

5.5 STATt: Vt:CTORS. Rf:.·SMMATS, AI.IONM1':NTS, ANI> I>RU'T
Cllf:CKS (I'age 4'4)

The Rt:!'SMMA T's computed on the 001 day will be used Cor ta';dl';g
In order to conServe lime. It II understood that yaw will be In error by the
amount 01 plane error at that time and that pilch will be In error by the

predicted landing time error tlnlel the moon'l rotation rate.

The docked I'S2 and the 1>52 JUIl aCter undocklng (!'Igure S·I) Ihould
be accompllihed on time to provide adequate lime bet,,·een the I'S2'1 10 get

a drllt checkl MCC·II has 10 com!>ule and u""ate the drlCt compenutlon (I(

required) beCore LOS In revolution 12. Thll mean I Ihat Ol'S. RR, and LR

checkout CAn be IlIpped unlll aCter the lecond I'S2. If required. An unac·

ceptable drUt check could result Cram a bad (lrsl "S2. (e. g., larger lorque

Ingles than eXpecled), To avoid thll conllngency. three V06N20'I are

Icheduled. (thll verb/noun comblnallon yield I a decimal display 01 pre'
lent ICllU angles. I The lequence II

• Coarse (docked' allgnmenl

• V06N20 (CSM and I.M) lt1\medlately Collowlng coarse
allgnn\enl

·"erlcynthlon II I SO eall oC Ihe landing Ille (1'1>11.

S·1



• P5l ({irst one) ... (our marks on each star

• V06NZO (immediately Collowing P5Z1

• V06NZO (preceding undocklngl

• Undocking

The crew \vill record and relay the V06NZO dala to the ground U It Is done

out o( coverage: however, P52 stars are selected to allow etecrable antenna
coverage.

5.6 UNDOeK1NO/SEPARATION (Page 4-61

SoCt undocking is used to separale Ihe eSM and LM 11/4 revolution

prtor to PUll in order to mlnlml.e the downtrack errors at POI resulting

Crom orbltal perturbations. The undock/separation maneuver can be per

Cormed as much as 45 minutes earlier at the nominal inertial (lMUl altl

lude. and up 10 40 mlnules late atlhe nominal local verllcal (ORU!':AL)

ailltudc. The Inerllal atlltude Is good Cor slips up to 8 mlnules. SlippIng

llr\dock/separation past AoS (aboul 8 minutes late' Is not desirable since

U,h would comproml.e the landmark tracking and .ubsequenl activities.

Should an aborl be required aCter .eparation and beCore eIRe, Ihe

lermlnal phase CTPI, TPM, programs will be used to accon,plish rendelv

ou" The TIG Cor TI'l Is at .eparallon plu. 7S minule. which yield. Ihe

proper lighllng condilion. Cor docking .nd complelu Ihe nomln.1 relall"e

1I101l0n re.ulling Crom the .epar.tion ,,,aneu,,er.

5.7 LPU III AS UpUAH: LIMIT (/'.ge 4-81

A(ter undo eking .nd bclore 1.05 (re"olullon Il" Ihe LM'. IMU Is

.ligned 10 IU:l'SMMAT (I'SZ,. A .tar check u.lng .ulo optic. Is u.ed to

,·erlly Ihe .lignmenl .nd ,,1I1....te the lan,lIng polnl de.lgMlor (I.pln The

I.PU'. Po.ltlon I. ke)'." Into Ihe IJSK\' OS • COAS oIghling (0 degree .h.(I,

-40 degree, trunnlonl, II Ihe prenlght c.libr.lIon value', ., delermlned

h)' Mcc-II (rom the creW oh,.,,,.lIon, do nol .gree wlthln tZ degree, In

elevallon .nd Uilllulh, MCc-1I will c.lcutate Ihe 1.1'1) "libr.lIon valuu

(or. I>SKY enlr)', (il,e lillllt originally IVU 11 .Iegreel holVe"er, Ihe crew

hu 'l.te,1 th.1 they "nnot re.,llhe LI'I) 10 Ihat .ccuraC)'. I The crelV '''0

I,", chari' to .ceu,"plhh 1M. ul"latc.

; I
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5.8 CSM CIRC MANEUVER TRIM RULES (Page 4-10)

After separation. when the low orbit landing site observatleno have
been completed. MCC- H will voice PAD data Cor the CIRC maneuver to the
CMP. and the targeting data Cor the maneuver will be upltnked to the CMc
(1'211. The CIRC maneuver 10 a 51'S burn oC approximately 10 Ceet per

second (3.9 secondsl which places the CSM In an orbit which 10 targeted to
be 60 nautical miles circular at rendetvous.

The baseltne trim rules have been updated to cover the gro.. execu'
tlon error caee. The trim rules are

t Trim all reslduah to within 0.2 Coot per second. IC all
are Ie.. than 5 Ceel per second. The nominal CIRC
n,.neuver will be loaded Inlo the LOC via 1'16.

t Do not trim U any residual Is grealer lhan 5 Ceel per
second; 1'16 (llV larget) values will be adjusted Cor the
errou and loaded Into the I.GC.

• )'or underburn greater than 20 Ceel per .econd. an SCS
rutarl will be allempted. nanks will not be swltched.

1l1he CIRC maneuver Is lrlmmed with the CSM RCS 10 within reUon
able operational limit (0.2 Cool per s..ondl. the updale 01 the CSM lIate
veclor by lhe nominal maneuver via 1>16 yield. an acceplable Ilale veelor.
The 0.2-1001 per lecond limit prelerves the orbital period and Insures that
lhe LM Is In the plane delermlned by revolution 13 landmark lracklng. II

any rcoldual Is greater than 5 leel per lecond. the dellrablllty 01 keeping
lhe alale voclor nominal Ia dropped In lavor 01 conaer\'lng IICS (previous
ml .. lon residua" are lyplcally leu thln I 1001 per lecond). Thic II

acceplable alnce the LQC will be updlled with the cor. eel CSM vector. The
ground will uplink a veclor 10 the LM rellectlng Ihe conllrmed CIRC. II
required.

5.9 PZ4 LANI>MARK TRACKING R):QUIIU:W:N1S (Page 4.101

PZ4 alghtlnga which are uaed 10 delermlne Ihe relative pealtlon 01 the
bndlng alte wlth rcopeel 10 Ihe orbit are ICheduled (tAble 5·21 lor
Apollo 161 however. Ihey are nol uqulud. (On prevloua mlulonl. where

-----.---------- -----



,able 5-2. Pre- and Postlanding PZ4 Tracking Schedule u
Tracking on
Hcvolution Tracking Source Orbit Purpose

3 SXT LNMK low OJT

IZ SXT LS LNMK low !!LSt

13 SXT I.~ LNMK high R-LSZ

14 SXT on LM high eM position

14 SXT LNMK high

Remarks

POl targeting

Final PDI
targeting

( )

the map uncertainties were larger, P24 sightings \,,"'ere required and may

be required (or Apollo 17 depending on map knowledge of the selected land

ing site.) The location of the Apollo 16 landing site is well known and the

3:1 landing ellipse (without the tracking) does not jeopardize the lunar tra

verse objectives; thus, a mandatory requirement (or P24 tracking on

Apollo 16 does not,exist. Nonethcl~ss, PZ4 tracking is highly desirable to

retain nominal traverses and (or postflight evaluation. Reference 30 indi

cates lL'lt the 3J" a priori Apollo 16 landing site position (map) uncertain

ties a.c~ 3.800 feet downtrack. 7.900 feet crosstrack, and 4,350 feet

radially.

To aid in the acquisition of Pl4 landmark tracking, the downtrack

error will be estin1ated based on MSFN range data at AOS of revolution 12

(Reference 31). This is used to update the pitch initiation time (or Pl4

landmark acquisition which requires an accuracy of approximately

O. 5 second.

()

( )

,
'..,
i
f•!

•
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5. 10 PRE· POI DOWN TRACK N69 (New Secllonl

The baseline document describes the technique. (or updallng the

landing site position (RLS1 to Improve the relallve accuracy o( the orb't

with respect to the landing site. }j'igure 5·1 shows the sequence of J~ I. ';

uplinks and N69 updates before and arter POI. On Apollo 15, the L!.\

experienced an approximate 5, OOO·foot error in downtrack at PDl. This

was caused by water dwnps, undocking, and uncoupled attitude maneuvers.

Therefore, for subsequent missions, a N69 dc.wntrack value will be esti·

n1ated based on MSF'N tracking shortly after entcring the descent phase of

the RTCC. This is loaded arter the .R
LSZ

uplink j( the estimated uprange

error is greater than 10,000 feet. This is all accomplished before P63 is

called to allow TlO to reflect the update (Re(erence 31). The allowable

uprange error (or a nominal desccn f• engine is 38,000 feet.

Reference 3J a1st> indicates that the CSM water dump which accounted

(or a small portion of the anomalies noted on Apollo 15 has been n10ved

earlier to allow a longer unperturbed tracking interval. Also, all mini·

mum impulse maneuvers are coupled via jet selection in the OAP, and LLS

observations arc performed in fixed attitude rather than with a rate to I
reduce jet firings.

c. II SIM-BAY ACTIVITIES (New Section)

On Apollo 16, the dead-band and weight constants will be varied during1
revolutions 14 through 17 to determine if the average pointing error +~\vhich _

is caused by gravity gradient torquing) during wide dead· band (WOB) opera- I

tion and the RCS consumption during narrow dead-band (NOB) operation can

be reduced. The nominal WOB for SIM~bay activity is 3.0 degrees: how·

ever, (or test purposes the WOB will be set to 2.0 degrees for a one-revo·

lution period during revolutions 14 and 15 (after TO and before the sleep

period). The NOB U/2·degree setting) test involves one revolution with

5-11
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80 percent oC the nominal CSM weight loaded In the CMC during revolu

tion. 16 and 11 to Corce all !iring. to be minimum Imp,jlse", One revolu

tion with as-degree dead·band setting will be scheduled Cor calibration oC

the Apollo 16 data with that oC Apollo 15.

Also, SIM-bay activity (uncoupled attitude controllis not scheduled

{or the two revolutions prior to ascent to allow perturbation·Crcc MSFN

tracking.

5.IZ DIRECT RENDEZVOUS (Page 4-ZZ)

The purpose of the direct rende~vous is to reduce the ascentl

rendezvous work day. The direct rendezvous is accomplished in slightly

over 90 minutes, while the coel1iptic rendezvous requires approximately

t97 minutes.

The baseline document indicates several assumptions used to govern

the rules for commitment to a direct rendezvous; one of which is the main·

tcnance of two independent means of rendezvous na~igation through the

tweak decision (INS + t minute). The philosophy has now changed SOHlcwhat

in that one fully operational prime systenl (I.GC/RR with valid angles/IMU,

AEA/RR via tapemeter/LM COAS/CSM L1TE/ASA (Gyros) or CMC/Usable

SXT/L:'.I L1TE/lMiJ) is better than two oC the degraded (nonprime) systems.

These nonprime systems are LGC/RR withQut angles, AEA/RR with cer

tain ASA Callures, AEA/VHF/CSM L1TE/LM COAS. CMC/VJJF without

SXT marks prior to TPI, and CMC/VJJF/OPTICS with Called IMU. Their

solutions are usually adequate. but the inherent procedural difficulties and

larger errors cause thenl to be less desirable than a prime system.

Therefore, unless one prime system (Table 5· 3) is fully operational

through the tweak decision point, a commitment {or direct rendezvous will
not be made.

·'"A similar exercise performed on Apollo 15 indicated reduced firings;
however. the test was not of sufficient duration to be conclusive.

5- 12
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Table 5- 3. Required C&N Systems Needed for Direct Rendezvous

Direct rendezvous is CO as Ion as an
Loss of all three 0 these tee iques
rendezvous.

•

I
I

IMU

IMU

Platfonn

CSM

LM

~.

I

Tracker
Light

Tapemeter: range and
range_rate

Range. rang~ rate. shaft and
trunnion angles

Sext"..ant shaft and trunnion
angles

Parameters Supplied by
Sensor IComputer Inte1"fa~e

one of these techniques remains ava.-::ila~b;;l;;c:,'=::::-__
resUlt ~n execution of the coe1l1ptic_sequence

System Requirements

r

Rendezvous radar
LMCOAS

Sensor{Optics

Rendezvous radar

Useable sextant

LCC

CMC

AEA

1.
2.

LCC/RR r'

Primary
Rendezvous.
Navigation ~.
Technique -

CMC/Scxtant

Notes:

ACS/RR

I,-~_-

I '

1-

[
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TaMe 5·4 prcscnt5 the requirements (or direct rendezvous. J(

rcndc7.vous navl&ation is initiated with a single G~N system and this sys- U
tenl falls pr,iar to computing TPI, either the ground TPI or an alternate

1l00ST/lIAM sequence will be executed. The 1l00ST/IlAM sequence may

he executed by either vehicle; however, It Is preferable to utilize the LM

and execute a 50-Coot pcr second BOOST at insertion plus SO minutes. The

ground TPI will be used in those ca3CS where good confidence to held in the (-::,)

MSFN insertion vector and another source is available (or general orbit

confirmation (pONeS, AGS, or MSrN short arc solution).

5.13 POST-ASCENT TWEAK AND IlAILOUT MANEUVERS (Page 4-Z61

The timeline and attitude (or the post-ascent tweak and bailout

lnancuvcrs, if required, arc

FDAI Angles
(deg)

..

o

3

5

IZ

Insertion

MCC-H pass tw~ak maneuver
1'47 AV's and GET! (FOAl
angles, iC required (or tv,;cak
execution with ReS thruster
or systenl problenls ~

Execute tweak (if required).
Burn X, Z. and then Y.

}'~CC·H pass direct rendcz·
'"OUS bailout maneuver (.6.V and
and GETI)

Execute bailout if required

CSM bailout if required

5-14

P < Z58
Y 0
R < 0

I' < Z58 }
Y:; 0 Insertion attitude
R < 0

P :; 2-t2} flO deg in overhead
Y:; 0 or window (burn along
R:: 0 local horizontal

P < 35
Y 0
R < 180

()

()

()
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Table 5.. 4. Direct Rencle~vou. Hcqulremcnts

!.Ht-o({

a) One operational na.vigatlon system Cor aBeent

b) One prirnary navigation technique avaUable (rendezvous)

(.) Predicted ''ledge angle at insertion must be ~erot,:

Insertion

5 a

a)

l»

c)

One primary rendezvous navigation technique available

*Tweak delta V less than 60 Cps (RSS)

Post-hi.cak pcricynthion greater than 5 nOli::'

Special CJ.se Agreements

a) Direct rendezvous is GO (or loss oC either LM buss or ascent battery
if any onboard navigation technique exists.

b) The Y-component of the tweak may be scrubbed {or thruster prob
lems or ReS (uel considerations.

c) There arc no ReS thruster or delta V problems that m.akc the direct
rendezvous NO-GO on the surCace.

d) Will knowingly commit to a CSM-active TPI/TPF due to LM RCS
problems. This sequence is n10re desirable than the longer CSM
bailout/roscue (or these same problems.

e) A "(ailed" sextant must be optically failed.

o The sextant ie: GO (or these failures:

• Mark button

• Single or multiple axes electronic drive failures

• "Frozen" sextant· FOV usable

• Los s of reticle illumination

• Failures in the scxtant!CMC interface such that the CMC
shaft or trunnion angles arc static or dynamic/erroneous.

2) The sextant is NO· GO {or these Cailures:

• Loss of visibility through sextant

• Loss of eyepiece

• 1TFrozen" sextant - FOY unusable

':'Lirriits arc discussed in Reference 4 (baseline document)

..
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On Apollo' 5, the hvcak nlaneuvcr was por(ormed to insure t1nmtnal

approach within .?~ to ZIO degrees (operallonal value., third quadrant U
approachl provided Ihe maneuver did not exceed 60 (eet per .econd (RSS),

and the out-oC"'pJane component was less than 30 (eet per second. However,

widely dispersed approach angles and high or low closing rates arc not

desirable (rool a crew standpoint, particularly if a subsequent RR Cailure

occurs; therefore, the terminal approach trajectory will be nuintaincd (_)

ncar the nominal Cor Apollo 16 and 17. MCC will pass ignition HOle and

body velocities to be gained (VG's) Cor the P47 execution. The tweak witl

be per(onned if either inplane conlponcnt is greater than 5 Ceet per second

(tweak MSFN 10' = 3 (eet per second) or if the out-oC-plane component is

greater than 10 Ceet per second. Insertion residuals are trimmed with the

active syetenl to within .0 Ceet per second if comnlunicatien exists and

2 Ceet per second if there is no conUllunication. J( communication exists

during ascent, the ground will reconUllenn the tri01 system at T = (.0 sec-
go

ends. J( conullunication docs not exist, the RR will be used to deternline

the correct systenl if the AGS and PGNeS difCcr by 010re than 10 Ccet per

second in X- or Z-axes after insertion.

1

It should be pointed out that the CSM vector HOle tag will be adju~ted

Cor dO\\.iltrack errors, since failure to do so results in incorrect tweak (and

TPH solutions on the ground and incorrect initial solutions onboard. (The

V Z sensitivity is approximately 1 Coot per second per 1,000 Ceet of down

track error.) Also, it should be noted that the AGS residual must be

frozen (not reconlputed) (or trinloling at insertion.

The LM and CSM bailout nlaneUvers arc discussed in the baseline

docu01ent (Reference 4). Brieny, the bailout nlaneuver (Reference 311

adjusts the LM (or CSM) targeting (or a standard CSI/CDH coelliptic

sequence.

5.14 PRE-TPI ACTIVITIES (Page 4-27)

The nornlal procedure (allowing the tweak n1aneUvCr (or Apollo 16

and 17 \'lill be (or the CSM (in auto optics) to track the LM with the SXT anrl

VH:F· (or the 5 minutes (Crom,INS + 6 nlinutes to INS + 'I minutesl it nor

nlally takes to service the L},! and generate the post insertion LM vector

5- 16
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(
Tablo 5-4, Direct Rendezvou. Requirement.

LHt-oll

a) One operational navigation system (or ascent

L) One prirnary navigation technique available (rendezvous)

d Predicted wedge angle at insertion must be zero*

Insertion

al

bl

cl

One primary rendezvous navigation technique available

*Tweak delta Y less than 60 Cps (RSS)
•Post·hvcak pcricynthion greater than 5 n mi

..

l

Spadal Case Agrcenlcnts

a) Direct rendezvous is GO (or loss of either LM buss or ascent battery
if any onboard navigation tccJmiquc exists.

b) The Y·component of the tweak may be scrubbed {or thruster prob
lerns or Res (uel considerations.

cl There arc no ReS thruster or delta V problems that nlake the direct
rendezvous NO-GO on the surface.

dl Will knowingly commit to a CSM-acllve TPI/TPF due to LM RCS
problems. This sequence is more desirable than the longer CSM
bailout/rescue lor these same problen"lSo

e) A "(ailed" sextant must be optically failed.

I) The sextant is GO for these failures:

• Mark button

• Single or lnultiple axes electronic drive failures

• 11Frozen" sextant .. FOY usable

• Loss of reticle illumination

• Failures in the sextant/CMC interface such that the CMC
shaft or trunnion angles are static or dynamic/erroneous.

2) The sextant is NO .. GO for these failures:

• Loss of visibility through sextant

• Loss of eyepiece

• lIFrozen" sextant .. FQV unusabie

,',
Limits are discussed in Reference 4 (baseline document)
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On Apollo 15, tho tweak nlaneUYCr was pcrforn1cd to insure terminal

approach within ·qS 10 ZIO degrees (operatlon.1 values. Ihlrd quadranl

approach I provided lhe maneuver did nol e"ceed GO (eel per second (RSSI.

and the out·or·plane conlponcnt was tess than 30 Ccct per second. However.

widely dispersed approach angles and high or low closing ratcs arc not

desirable (ronl a crew standpoint. particularly if a subsequent RR failure

occurs; thcrc(orc. the terminal approach trajectory will be maintained

ncar the nominal (or Apollo 16 and 17. MeC will pass ignition time and

body velocities to be gained (VG's) (or the P47 execution. The tweak will

be performed iC either inplanc component is greater than 5 feet per second

(tweak MSFN 10 = 3 (cet per second) or if the out·o(~plane component is

greater than 10 fcet per second. Insertion residuals arc trimmed with the

active systcnl to within 10 feet per second if communication exists and

Z feet per second if there is no conlmunication. If comnlunication exists

during ascent, the ground will rccomnlcnd the trinl system at T ;:. lJO sec"go
onds. If cOnU1mnication docs not exist, the RR will be used to determine

the correct systenl if the AGS and PGNCS differ by nl0re than 10 feet per

second in X.. or Z-axes after insertion.

It should be pointed out that the CSM vector time tag will be adjusted

for downtrack errors, since faihue to do so results in incorrect tweak (and

TPI) solutions on the ground and incorrect initial solutions onboard. (The

V Z sensitivity is approximatel)" I foot per second per 1,000 fcct of do\vn

track error.) Also, it should be noted that the AGS residual must be

frozen (not reconlputed) for trimm.ing at insertion.

The L~t and CSM bailout IllaneUVers are discussed in the baseline

docunlent (Reference 4). Briefly, the bailout maneuver (Reference 32.

adjusts the LM (or CSMJ targeting Cor a standard CSI/CDII coelliptic

sequence.

S.14 PRE-TPI ACTIVITIES (Page 4-Z7)

The nornla] procedure following the twcak nlancuvcr for Apollo 16

a;\d 17 \vill be for the CSM (in auto optics) to track the L~f \\:ith the SXT and

VHF {or the 5 minutes (fronl INS + 6 Illinutcs to INS + II nlinutes) it nor

mally takes to service the LM and generate the post insertion L~1 vector
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( (or the CMC (Relerence 331. J( arter the 5 mInutes o( tracking, the lut

SXT an~ VHF marks yIeld a N49 display, MCC·II will uplink the LM vector

to the CMC. J( a N49 Is not displayed, the LM vector Is not uplinked. A

V93 (W·matrl" reinltlallzatlonlls needed a(ter the S-mlnute Iracklng period

10 recluce Ihe VZ errors al TPI (2 (eel per second normal and 20 (eel per •

second (3cr) U Ihe LM light Is oul). I

The ·pre-TPllracking orientation Is heads-up whlc~ 1~_.!~'1~red to -.I
provide MSFN steerable antenna coverage. - \

The other Apollo 16 and 17 pre·TPI techniques are Identical to those

discussed in the baseline docunlcnt with the exception of the use of the t
MSFN relay. Previously, the MSFN relay has been h'.ned of( so Ihat the \

MSFN data could be used (or voting should the RR arid VHF not agree. The \

~{SFN relay can result in a data transmission delay of about J seconds 'j
between the LM and CSM which can invalidate this comparison. However. i
the Apollo 16 crew has requesled that the MSFN relay be turned ON before ./.1

ascent to avoid the no· VHF conlffiunlcation contin~ricYiJ..here(ore;JJi-s_

~{SFN relay will be turned ON prior to ascent and a VHF cor~ununka!ion_.>

check nladc at lift-of( nlinus 5 minutes. I
t,

5. 15 TPI R.ENDEZVOUS MANEUVER (Page 4- 2S)

At insertion t 10 minutes, MCC-H will pass up the MSFN TPI solu

tion. T~!s will indicate if sufficient APS p_rop.!.!!anti!_~.'!',!!1_~~~~ ~o .a.ccom

p1i~h TPI; however. to conserve ReS, TPI will_b_c__executed with APS

propellant unless the APS tanks are kno\V11 to be empty. Prior to Apollo 16,

i( an APS depletion was likely, TPI was performed using the ReS.

The only other update to the TPI procedures discussed in the base

line docun1ent involves the post-TPI burn report. For Apollo 16 and 17,

the normal burn reports for the executed solution (burn and residual) are

all that will be passed to the crew at AOS after TPI. All other solutions

will be compared during postOight analyEls.

5.16 RECOVERY PROCEDURES FOR AGS INCORPORATION OF INVALID
RR MARK (Page 4· 29)

In the event incorrect RR data are incorporated into the AGS rendez

vous solution following steady state RR performance, the following N49

reject procedures are used (Reference 18):
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a) Pcr[orm 4" + 0 to inhibit auto RR trans[cr.

b) Determine the cause of the N49j angle, range, or range
rate (R3 code)

c) Did error affect AGS?

606R ·XXXXX used range angles in last update (-sign clue)
tOOOOO used range rate in last upd.te (t.ign clue)

No Verify with 317,440

Re.d and comp.re to RR d.ta

Proceed with manu.1 upd.ting schedule

Yes Proceed with step (dl

dl Are there .t le.st 10 minutes of tr.cking left?

No Perform V47 to protect .g.lnst subsequent PONCS
I.llure .nd perlorm V47 .g.in ne.r the m.neuver
time (TlO· S minutes I to get rId 0/ errors in the
PONCS .tthe previous V47

Yes Proceed to step (el

Check on error m.gnllude

Angle ~rrorl

n.nge ~rrofl

It.nge II.te
.:rror.

Angle Ie .. th.n 5 degrees (no 525 or
SZS .ngle .: 5 degreesl' relnltl.ltte flIter
.nd conllnue m.nual upd.lIng

Angle gruter th.n S degreesl do V47.
re(nlll.ltte flIter, .nd conllnue m.nu.1
upd.lIng

317 R .nd Rn r.nge withIn S naullc.1
mlleu reInlll.llte filler .nt\ conllnue
,1\.nll.1 updallng

317 n .nd 11I1 r'"ge diller bl' > 5 naullc.1
miles. tlo V47, relnlll.ltte flIter ••nd
conllnue ,1\.nu.1 tr.cklng

440 II and nn range rate wilhln 15 feet
pl.'r At~(ontll rclnillatltc Ulter And ('on'
IInue Insnllsl upd.lIng

410 1\ snd nit r.nge rate (\lfler by
)0 I~ Icct pcr sccondl rio V,17. rclnillatltc
(titer, and continue IHahual .narks

(J
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5.17 TPI Z PROCEDURES (New Seclion)

To avoid large braking 6V's. a TPI Z burn may be executed (ollowing

MCC-Z. Prior to TPI. the TPI and TPF ol.Y 's arc calculated. If both 01 the

LM RCS systems are operational and the ol.Y TPF Is greater than 100 Ceet

per second. the LM will execute TPI Z' If only one LM RCS system Is

operalion.l. the LM wll1 execute TPI Z If ol.Y TPF Is greater than 55 Ceet per

second. If the LM c.nnot perlorm MCC- Z or It Is otherwise known th.t the

LM c.nnot support br.klng, then the CSM wll1 perlonn TPI Z If ol.Y TPF Is

greater than S5 Ceet per second. If AY 1'PF Is gre.ter th.n 55 Ceet per .ec

ond. the CSM wll1 anlielp.te a C.Uure at MCC- Z and be conllgured to per

Corm TI'I Z' IC required. It should be noted th.t the twe.k m.neuver should

keep the ol.Y TP}' to less th.n 40 Ceet p.r .econd Cor .U reason.ble c•••••

5.18 LM JETTISON AND DEORDIT (P.ge 4-30)

Th. LM jetH.on Hm.llne (Flgur. 5- Z) and pro<edur•• are ...enH.Uy

the .'01••• to those glv.n In the b•• eHee document wltl. excepHon oC the

.ep.r.Hon (SEp) m'n.uver and the tim. 01 the upHnk oC th. d.orhlt PAD' ••

Th. CSM SEP maneuv.r (1'30) I. now Z Ce.t per .econd po.lgrade (ApoUo IS

us.d 1 Cool p.r ••cond relrograd.1 and Is .xecul.d 5 mlnules .Iter I,M jet

Iison. Thl••Uow. S}:P 10 be .Hpped and proleclo .galnsl a larger I.M AY

r••uIHng Crom hlgh.r Ihan nomlnatlunn.1 pre. sur.. The upHnk oC Ih.

d.orblt PAD'. aro more to Iho end ollh. equlpmenl lranslor p.rlod (rovo

luHon 53), I. 0•• closer 10 Ihe deorblt hlAneuv.r 10 Improvo larg.Hng.

5.19 SHAplNO MANEUVER AND SUDSAn:LLlTi: Jo:JECTION (Pago 4-311

Th. ApoHo 16 mlssloh (hoI Apollo 171 Include. Ihe oj.cHon 01 a on~

)'.ar llIetime fReler«co 341 PatHde. and i'lold. Salelllto (PU'S,. To

.aHely the ono·yoar requlroment, the CSM will porCorm a shaping maneu

ver 10 pia .. the se Inlo orbit wlth an ha 01 85.4 and h
p

0154.8 nauHcal

",Ue. (relaHvo to tho landing .lto'. Tho shaping "lAneuvor I. oxoculed at

218,26,05 and rcqulre. a I. 4-.ocond 51'S burn (AV • 39 leel per ,0con.I,.

Tho PU'S Is ojected al the ascending IIOdo (tho nlghl sldo olthe orblll

Iwo rovolutlons prior to Ti:t and approxlmatoly 30 Illlnules alter tho sh.p·

Ing IIl'neuvor. The I'H'S Is eje<led (spring rele..e AY 01 4 leel per sec'

ond'lIOrth, normal 10 the edepHc. EjecHon to Iho .outh AI tho descending

5·1?
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(

UPPATE LM
DEORB 8URN PAD
UPQATE CSM
LM JEll PAD
CSM SEP PAD

(

UPDAIt LM
DAP LOAD (WIS)
UPPATE CSM
DAP LOAD (WIS)
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node permits photography; however. unacceptable coning (spin axis wobble)

of the satellite will result. Ejection at the descending node presents a

potential recontact hazard during TEl. The ejection to the north at the

ascending node imparts a posigrade inplane velocity component (approxi ..

mately 1.8 Ceet per second) causing the satellite to CaU behind, but n~t lap

the CSM•

.._-.->------
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6. LUNAR DESCENT

a

This sectlon discusses the updates to the Lunar Descent Mission

Techniques (ReCerence 51. Following a brieC review oC the major mission

phase events, these changes and a.dditions are discussed in the order in

which the subjects appear in the baseline docwnent.

The Apollo 16 descent proCile is essentially the same as that oC

Apollo IS except that POI occurs at an hp altitude 01 53.000 Ceet as opposed

to 50.000 Ceet Cor Apollo Is. The higher POI a1titud. Cor Apollo 16

Improv.s the succ." probability oC th. P24 landmark sightings. (Th.

landing .1Ilpse (3~) Is il kilometer do\Vnrang. and il. 3 kilometers cross

rang. with lardmark tracking and 4. Sand 8 kllomet.... resp.ctiv.ly.

without it. I Th...~nlClcant events are

f:vent

Maximum VI'S thl'ust

1.11. altilude update.

LR veloclty updat ••

Throttl. rocovery

High gat.

Touchdo\Vn

~oxlmal. Tl.". Crotn rDl

26 ••cond.

.. minutes

S minutes

7 mlnul.s

9 mlnut••

12 minute.

6. I STEERABU: ANTENNA COVERAm: (Page 4-21

On th. lunar landing revolution. the LM will maneuver,to a ya,v .ltl

lude oC 20 degrees leCt prior to AOS and retatn the altitude unlll

1'01 + 3 minute.. This attitude Is neeeuary to In.ur. conllnuou••teerable

.ntenna coverage. Thi. yaw Is removed atlhe rale oC 5 degre.. p.r .ec

ond beginning al fl/)J I 3 hllnut...

The AOS will be loaded (514. 515. 516) 10 yaw 0 degree leCt Cor

.teerabl. coverage In the event 01 an aborl. flr.vlou. hllulon. required

a yA.W maneuver (or steerahJe (OVerAge,

--~--.--.,--- --------. ._---....-----
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6. l J)PS IGNITION MONITOHING (Pages 4-8 and S-6'

The DPS ullage and ignition monitoring techniques have been updated

so that H either auto ullage or auto ignition occurs, PDI is still GO.

(f t'cviously, it ullage did not occur by TIG - 7.5 seconds, PDJ was NO·GO,

and POI was delayed one revolution, or a POI f tZ"'minutc abort was per

formed.) The rationale (or the update is centered around the assumption

lhat if either auto ullage or auto ignition occurs, the LGC is issuing the

corred commands, and the (ailure is do\\.n stream anel is correctable using

manual tcchniqut.'!s. If neither ullage nor ignition is per(ornlcd automati

cally, the LGC Is assumed to be maHunctionlng and POI Is NO-GO.

(,.3 NOUN (,9 TAHOET UPDATE (Page 4-?)

The I.OC .B LS is scheduled to be update<l berore and arter 1'1>1. A

1',,"1'1>1 backup.BL~Z N6?lechntqlle Is described In Hererence 4, and

auother pre-Pill downt rack N6? correclton prtor to 1'63 enlry Is dlscu.. ed

iu S,-ctiou S. 10. The posl-PIlI N6? I.GC target updates are given below.

a' N6? NOMINAl. (l.·componenl only' • This downrange
propagation correction hal been used stnce Apollo II
and occurs a.t PO) .. 2 mhlut~s. It corrects stale vec
lor erroro Incurred prtor to I'D! and Is based on ellher
the 1'1'1' or MSI'N doppler reltdu,1s prior to I'D!.

[,) N6? OOWNTltACK NAV (l.-colllponent only' • This 10 a
correction to compcnu.tc (or a tlowntrack position error
Incurred [,y a downlu,k navigation error. ny lIleasurlng
a conUrllled PONCS navigation error at Pili + Z Illinutes,
the downrange position error (at the tllIle 01 I.Il velocity
('on\'(!rgcnc:~) can be calltnated. This Assumes a linear
error growlh and conslde .. the erlectlv" error during
til velo,1I1' correction. II the estllllaled error at touch·
down Is greater than 3,000 leet, the lIlagnllude with Its
sign \'e\'eroed Is \'otred to Ihe,crew ror Input 10 the
PONeS via N6? at 1'01 + S IIllnutes.

N6? CIlOSSTltACK NAV ("'rolllponent only' • 1h1s Is a
('orrcdlon to ('umpcnsAtc ror a csthn3.ttd crosstrack
hlVIEtation position error at loud1l1own greAter thAn
3,OOOleet., II Is cOlllputed In the U",e Illanner as N6?
1l0ll'NTltACK and 10 Input hI' the ere\\' at the sallIe Illne
as the .10\\111ri\t'k cor red Ion.

(,·l
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d) N69 RADIAL NAV (X··component only) - This correction
compensates (or altitude errors resulting from either a
navigation error during powered flight or an H error at
POI. The computation of this parameter Is essentially
the same as (or the two preceding parameters., except
this position error (s a (unction of two velocity errors:

• Downrange propagation error

• Vertical navigation error
>.>M ~:d li.~ 'Ii: ;'

This cortection wlll be voiced to the crew only If
MCC- H Is certain that LR data wlll not be received
prior to pltchover. (The correction h not required If
LR data are available.) Th!s update permits continuing
powered descent to a PONCS-Indlcated altltud.e of
6,000 feet without the LR data, provided the H residual
after 10.000 feet doea not exceed ZO feet per second.
The upper limit for this updale Is the LR data accep
tance value I the lower limit Is 500 feet (operational
value). This correction h voiced to the crew for Input
by POI • 8 minute s.

6.4 OUIDANCE THRUST COMMAND LIMIT (Page 4·151

The baseline document discusses the monitoring of the DPS guidance

thrust command (OTCI during descent. These techniques lridlcale Ihat for
extreme low· thrust cases, Ihe PONCS comn.anded thrust wlll InOlease and
possibly become cyclic, resulting In large LM altitude excurAlons. This

Incompatahlilly belween PONeS guidance and a low thrust DPS Is delected
on a display of OTC verAUs horlzonlal veloclly. Also, the baseline docu'

ment discusses" IImll bued on OTe whIch prcdlcts If throilledown wlll

nol occur by 1'64. Throilledown must occur by P6f I'lus 15 seconds.

Analysis h.. shown (Rderences Hand J6) Ihat low Ihru.tlng DPS per'

forma.nct "t full Ihrollle I. reliable "nd, given .ulfldent lI'I\e 10 rcduce

horlzonlal veloclly to " value .uit"ble for throllie recovery, can be u.ed to

&Chleve " ufe lun... landing. (the pONeS can handle UPS Ihru.1 levels

dO\\l1 to "bout 8,000 I>Ound •• ) In order to acco'I\l'llsh this, it Is necessary
10 .hlft Ihe targeted landing .ite dO\\lI",nge. The analy.l. also has al,own

Ihal " dlrecl relationship exist. belween UPS full-throllie thruS! and the
required .hlfl In .B I•S' Tho 11laxlmum I>ermlulble .hllt Is IJO, 000 fccl due

._.-J
~.
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to unacceptable landing terrain beyond that point. This corresponds to a

DpS thrust of about 8,900 pounds. A ridge (15.000 feet wide and 1.500 Ceet

maximum height) which crOBses the groundtrack between 66,000 and

81.000 Ceet downrange is also unacceptable Cor landing. Although, highly

unlikely, the (ollowing technique.J, using N69 downtrack inputs and +X Res
thrusting wl1l be used to cope with a low-thrusting OPS problem.

Once the low-thrusling OPS Is detected. a N69 input wl1l be made

provided the downrange correclion Is between 15.000 and 130,000 Ceet. (A

N69 input oC 8.1,000 Ceet wlll be used IC the indicaled correclion Calls

bctwecn 66,000 and 81,000 Ccet.) A chart showtng the N69 magnltudc as a

Cunclion oC OPS thrusl wlll be used to determine the corrcct N69 value.

For values between 100,000 and 130,000 Cect, It wlll bc nccessary to per

Corm thc Input In at least. two steps stncc thc maximum possible N69 com

pulcr Inputs limit Is 99,999 Cect, N69 Inputs wl1l probably bc pcrCormed

In 20,000- Coot Increments until GTC convergcnce.

In order to achieve Ihe nominal EVA traverse obJecliv.. , ttls nec

cssary to I.nd within 15,000 Ceet oC the LLS. One-minule perCorm.nce a,

+X RCS, beginning 01 1'1>1 + 2 minutes, Is equivalent to a IS, OOO-'oot down

range N69, There'ore, for 10\' thrusling OI'S, N69's bCh"een 0 and

30,000 'eet, Ihe one-minute +X RCS wlll be performed,

}'lgllre 6·1 sunull..loes all a, Ihese Iltnlts; however, It should be

notcd th.t h.vlng 10 perCorm these t<chnlque Is very Improb.ble since the

nominal IhroUleodown point prolects .golnsl 3, low OPS, 3, neg.live N69,

.nd a ,.lIed UI'S shutoff v.lve.

I'-C"'I~.~
lM,CI~.O SIf(

lV,.~ rtHO~!I'
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6.5 AGS ALTITUDE/ALTITUDE RATE UPDATE (Page 4-20 and
New Section)

On Apollo missions 16 and 17. the AGS altitude (H) and altitude rate

(H) will be updated at a predetermined PONCS/LR-indicated altitude. The

H update Is performed nrst and Is followed by the H update ASAP. The

Iradeoces for selecting the update altitude are (II perform early enough to

avoid a crowded tlmellr.e near TD. (2) perform late enough to reduce late

abort Insertion errors, and (3) perform where H Is near zero to avoid H
update errors due to Inherent time delays. For Apollo 16, this altitude Is

at 14,000 feet where it Is e..e~tlally constant and can be read to within

I fool per second (Reference 371. The crew antlclpales these values. pre

loads them. and enters them when the tapemeter shows the anllclpated

value. Updallng the AGS reduces the AGS abort Inserllon uncerlalnty and

allows the AOS navigation to be used for descent In the event of a PONCS
failure after high gate.

Should the PONCS fall after high gate, the AOS will be recallbrated

with landing radar from the DSKY (raw radar) or taperneler. If a·,allable.

It should be noted that the LR Hmay drop out Just before landing.

6. (, TERRAIN MODEL (Page 4- 22)

The LaC has contained a terrain model since the Apollo 14 mhslon.

Tho model 10 u.ed In the approach phaso and result. In a .moother LPD

angle profile and reduced LPD polnllng errors (Reference 181. The terrain

model 10 valid for approach azimuth devlallon. wlthln 11 0 degree. of the

nominal (out to a range of 150,000 (eel (rom the landing .lte,. If angular

dleperslone o( these hlagnltude. occur. the crew will elther per(ortll a

landing- slte rede'lgnato back 10 Ihe landing .lte or take over manually. In

elther case, lermlnalloh o( terrain hlodel In the Lac via V68 10 not nee

esury. Auto landing. to other than the planned landing .lte (outside of Ihe

landing elllp.e) do require lermlnallon o( the terrain model. The Al>olIo 16

---~
__ -""'"-------
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lW1ar terrain should cause LR altitude updates of up to 5,000 feet in the

early portion of descent without the terrain model.

6.7 DESCENT ABORT VELOCITY RESIDUAL LIMITS (Page A-"

The baseline docwnent presents a detailed discussion of the MCC ... H

techniques (or monitoring the PGNeS. AGS, and trajectory perform.ance.

The present philosophy of ground descent monitoring is to abort when the

monitored parameters indicate that, If above high gate, the PONCS has

degraded to a point where, If an abort was required, the LM could not

achieve an orbit with a pericynthlon altllude greater than 30,000 feel. The

monitoring techniques are based on comparing the three components of

velocily residuals of the PONCS, AOS, and PFP.

Table 6-1 shows the updated descent abort velocity limits for

Apollo 16, and Table 6- 2 show. how the.e limits are affected If no LR alti

tude data are Incorporated Into the descent solution (Reference 391. It Is

worth noling that the posllive (southl crosorange velocity limit has been

increased because there Is no terrain obslructlon 10 be avoided al

Descartes IIke there was ailladley (Apollo IS).

6.8 }'AlLED CDU TECIINIQUES (New Section)
,.

Allhough a failed CDU Is an extremely low-probability event c,
Table 6- 3 gives the prime and backup corre<live te<hnlques ror sialic and

dynamic CDU rallures during pre-I'IJI, 1'01, and lunar surrace/ascenl

phases. As Indicated, the slatlc failures ror any a~ls and only Ihe dynamic
.. , l:';:

rallure In yaw' can be a«onunodaled. No Ic<hnlques edst ror dynamic

rallure cases arter I'IJl because an erasable memory program .annol be

10..led during powere,1 (light. Multiple enU rallures arc grounds ror abort

due 10 loss or redundanl aUla atlilude control capablllly.

(J

()

( )-
"Itderen,e 18 shows that there have been 178 !'ONeS rallures In 7 years
w'lIh only' Il or Ihe", Involving the ellU. None of Ihese Were stalic rallures.
«r,

'A (l)'n31111(' yaw (allure f('qulres all cra!ahtt' 1l\\!ll\or)' IJro~ral1l which IllA)'
not be vorlflcd ror Alx,lIu II, because of luw priority. ( )

~---...
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Table 6-1. Descent Abort Velocity Limits (Reference 39)

V.~OC'ity&rri>1"
A:ci", CmotfiJ"ftM'd hx~ Lift\,t (tpa) Re-marke

Oowftr-.. PF'P-PCN:CSb
+90 lrnP"'Clinc <iIoccelel"orrMtter f~ure: PeNes auto

l~mg not po••i.bled

.-""'" -.I A=-POlCS (POlCS -3" Low perilUDC!' toJ" Late ..borta

.. • .t\ort ac'.:eronwt.-r b ...... ~

P .....PC."CS cn1y A. A""" A.• .above

Cro_r~ PJ"'P-.PQ:CSb~AGS-_:';, >90 Impe1MliJ'tg accelerometer failure: PCNCSauto._- PCNCS CPCNCS accehrr- t . ~:iDg not poaeibled ... _._.-.- Oft!I4'teor b ....)o tel

PF'PoPOlc:s" ......, ...... "'ZOO Cyro drift at impendiJlg !ailUJ"e: PeNeS auto
CPCNCS ""-Ii............. ' LuM!ing not po••lbl.e~<
drift)

""""'" .PJ"'p..JlC:llCSb i\II.nd AC,.S.. +600
Impending acceleroJnete:r !ailure; low perUWle i

•• }ooijCh PC."CS for hewer abort: violate APS abort boundaryd.
- -w-

(peNCS .c:celeJ'OnM'1el" -3" Low perilune for late aborts (6:30 to 7:30) 1:_
b ...\

PJ"'P-PCSCS oftI.y ...,,0 Low perilune lor hoYer abort

(PC.~CS~i~. ·3'50. Aa ..boYe , ' ~ ,

dritt)
i!c..

"If both PF'P~ ACS ...no not ..v~b1e..... abort i.. per!onned ie LR dit.t..-. uoe not incorpol'ated into the
P'CNes by 7':30 (H ,. zz. 000 tel.

b::r PTP diIIot DOC ...y~bleo. AC5-:pc."CS dit.toI. verifiy a PC..~CS error~

c:::! LIt -mcorpo ewm ie Lilote. ~.o.H Allowable boy PC.~CS may lMI' exceeded. rellulting in violation o(
APS ..-bort bcNnda.ry.;;ri.'

dAc~1ftoome1:.rt.il.,.: b~. a 0.. IM_ft/.ecZ n~)

"Gyro t.'Zu_: drltt. 1.'50 dlPg/hr ,'S~).
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Table b-z" Descent Abort Velocity Limits Cor. no LR-H Incorporation4 (Reference39J

PCNCS ~urn

Altitude Radial
to Abort Velocitv __

Ahol"'1" Critf!"ria I(t\ Re5idual '(n5} Remarks

PFP_CC.'\;CSI:> and > ZZ.OOO -3'; Low perilU,.'"1C

ACS-PC.'\;CS
.

(PC:-;CSACC bias) '" 2:2:.000 -to Low perilune; includes lO-sec information delay

PFP-PCNCS.only > t8. 000 -3'; Lowpcrihme

,pcxes m.i.sa!i~n- '" t8.000 -2:0 Intersects lunar surface for APS abort at 10.000 It
:mcnt .. dri!t) with delays,

R~vli.ot.l: X;...9' not = to. 000
incorporated

Minimum sate = 6.000
altitude-

a For failures in PCXCS/LR interlaces .. incorporation may be satisfied by a I?CXCS/LR ~H les s than .
t. ';00 It.

b:r, PFP is not avait...b1:e .. ACS-PCXCS data verity a PCXCS error.

c c
--------------------_........_------_......._:-.._- ._--



Aprime control mode

BBackup contl"ol mode

*Landing radar muat be inhibited for LGC incurporation when maneuverinR: in the f.. i.Ied axis 6

~":'PGNS altitude hold consi"ta of two-axi .. attitude hold (rate conlmand) Olnd one-..xia di:rect.

I•

I
Unacceptable - 10•• of
~undant 'thrre-_ia
attitude control

ACSAUTO

Unacceptable • 10•• of
red\lndant th__axie
...tti'hlde control

r.nl~ Fail"1"'l"

~

~~C~A~T2.. _

B PeNS (ACSI
Attitude hold
EMP tOJ
Fly needles

A Ac.... attitude hold _
MIT EMP 103
Flyerror""
needle. (i'h'

--------"'-;;
B PeNS attitude hold

or AUTO
MIT EMP 103
Fly error ..
needle. ,E§i

(D'.able yaw
jetl)

COIl Fa ilure
y !pit£'hl

Statl

Table 6-36 Failed cnu Techniques {Reference 18)""

Failure
Phase

Pre-POI A AGS attitude hold A AGS attitude hold,*, A ACS attitude hold
Zero X_axis MIT EMP 103 _ Zero Z-axis ~
YZtNZOE ~> Fly V 16N87 ~" VZ3NZOE
Fly error netKileR I' Optional I l':ero Y_aJCi. Fly pitch needle

--------...; VZZNZOE orNZZ
B PGNS attitude hold"'" Fly NZZ; Hand H-OOT Optional! EMP 103

ZeroX-aJdIl .~~-------",~- FlyN87
VZ1NZQE lII!!!'fy B PCNSattituclehold -----------;:,,,
Fly error_needles ~ Fly N2Z: H Ilnd H-DOT B PeNS attitude hold

Zero Y-axi. Zero Z-AXi..
VZZNlOE VZ3NZOE ~

Fly pitch error:
, needle or NZZ

1-----------1

Luna.r A AGS AUTO .""J.-
lIur{llce/------- -- -----.-:;:------ ---

...cent B PGNS attitude hold
Zero appropri.ate 8xis J

Fly NZl or er:ror ~ 0'
needlell if available ;.

1<':

POI A AGS ..ttltude hold

I
Zero Y.. a:lds

'" Fly NZZ; H llnd H-OOT,
••'" B PGNS attitude hold

Zero Y-IlJCil! ,
Fly NZZ; Hand H-DOT

.,
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It should he pointed out that tho LR Is required (or landing and must

he inhibited (or I.at: incorporation when nlancuvcring in the failed axis.

This requires inhibiting the LR (or a pitch (ailure and requires inhibiting

the data during rolllllaneuvcrs (or the out-oC·plane correction. For the

pitdl fallure \~asc. a comparison of LR versus PGNeS will be made at high

gate, and, if the dUCcrcncc is greater than 1,500 (ect, the crew wilt abort.

(,,9 lies FAILUIU; MANAGEMf;NT (New Section)

The failure of ('ortain (critical) ReS jets ('an require a POI NO·GO

or an abort depending: upon where in descent the failures occur

(llc(crcncc 31)). Also, the type of failure (mechanical or electrical) con

tributes to the rcsuHing corrective techniques.

The single and rnultiplc ReS failure C.lSOS arc given belo,,'!:

a) Single thruster failure

t) If a single vertical thruster mecha.nically fails of{
or (ails off via the jet driver (can not be Cired via
PGNS or AGS) this will violate red11r,dant threc~

axis attitude control and PDI is NC ).

2) H any single horizontal or verti~al . __ uster
mcchanicaJ.!y fails on, this will violate redundant
thrcc·axis attitude control (ReS system must be
isolated): then PDI is NO·GO and will be cause
(or abort frOll) POI to high gate.

b) 1.lultiple thruster failurcs (critical jcts)

An abort will bc performed fron1 POI to high gate for
the follo\'ling conlbinations of thruster failures:

j) Any combination of horizontal or vertical thrusters
",':L!ch fail on in critical quads that require isolation.

2) Confirmed failed of{ vertical thrusters in critical
quads. To provide confirn1ation. a PGNS A TT
HOLD check '\'li11 be performed when the critical
vertical thruster is suspected to be failed off.

3) Any horizontal or vcrtkal thrusters [ail on
(requiring isolation) and the critical vertical
thruster fails off.

$

( )

,
•I ,. '"
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The corrective procedures (or the f"Uure cases are as follow"

a) SIt,.le thruster failure

I) Use nornlal crew procedures

• H stable, cycle CWEA

• H unstable, open CD on a((ected quad and
disable LGC thruster pair CMOS

Z) MSF:N wll1 advise crew of type of (allure and pass
crew critical pair aCter first CaHure

b) Critical thruster failures prior to high gate

1l MSFN will determine optimum configuratlon and
GO/NO-GO status

2) Critical thruster should never be isolated except
on caU (rom MSFN (does not apply to first
Z6 seconds)

c) Critical thruster failures after high gate

1) Never isolate second Cailute

2) Control mode should be determined by crew prac"
tice. Acceptable control modes are

• PGNS AUTO

• PGNS ATT IILO

• AGS ATT IILO

3) Avoid throttle transients

• Stay in auto throttle. if possible

• Aborts should be performed with gradual
throttle up to soft stop

6-11
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7. AIlORT !'ROM LUNAR POWERED DESCENT AND
SUBSEQUF.NT RENDEZVOUS

This .ectlon dl.cu•••• two update. to th. Abort rrom Lunar Power.d

D••c.nt and Sub.equ.nt R.nde.vou. MIs.lon T.chniqu•• (Rer.rence 6).

7. I SUMMARY or DESCENT AIlORT/RENDEZVOUS SEQUENCES
(Page 3- Z)

Figure 7·i (Rererence 40) pre.eni. a .ummary or the de.cent abort

points and the number of revolutions Involved In the subsequent rendezvous.

This .ummary show. that T3 (concentric I aborts are prererred to T Z

aborts since the rendezvous is two revolutions shorter and the time of

rendezvous Is one rev,.,lution earlier. (Direct rendezvous is two revolu

tions earlier.) The abort/rendezvous sequences for Apollo 16 are changed

from those for Apollo 15 as a result of the interval between CIRC and POI

being shortened from one and one·halC revolutions to one·half revolution.

(The Apollo 16 sequences are similar to those used for Apollo 1f and 12.)

The major changes are

a) The POlo abort, which is initiated one·haH revolution
after CIRC. is not applicable on Apollo, 16, because of
the shift in the time of PDI relative to elRC (one-half
revolution).

b) The no- PDI + f2-minute abort will be a standard
3- f /4 hour coelliptic rendezvous sequence for Apollo 16.
Apollo 15 u.ed the BOOST/HAM/CSI/CDII sequence
which required 5- 1/4 hours.

"c) The powered descent aborts use the nominal two-
revolution CSI!CDHsequence until approximately
PDI + 10 minutes. After that, the three-revolution
BOOST /IlAM/CSI/CDH sequence is used up to and
including T10 TI is at PDI + 17 minutes:30 seconds
whereas previously, it was at PDI + IS minutes.

d) The T2 abort is the same as a TI abort except that
there is one e~tra revolution required between the
BOOST and HAM n1aneuvers.

The LM·active rendez\,'otls sequences are sununarized in Table 7· f. As

shown in the table. if PDI is slipped one revolution. the PDl2 sequence will

be used. These are essentially the same as the nominal PDI sequence for

1- I
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CIRCULARIZATION "'Ol
1/2 RIVOLUTION

IF NCPGO FOR POI,
AeoRiA.t 1>01-1 "'2MIN,
ONE_UV RENDEZVOUS

"'''"'"
If N()o.OO 1'0« 1'Ol.
AIO«T 12 MIN"""£I:
I'l)ITlME.
T'NO-R£V IENDUVOUS

]""CH'Dt ... -lj
NQ~J."........

...,
N

, If NO_GO F~ LANDING ••
....ORT AT ANV TIME,
ONEooIl.EV RENDEZVOUS

(SM lIESCUE I'OINTS

AIIORT"T ...NVTlMfI
TWO-lIEV lIENDEZVOUS • If NO<oO fOR LA~N(# I.

01 NO-STAV AfTEI
lANDING. AaOIT ...T
ANV TIME.; ONE-«E\I
IENDUVOUS

IF LM PERFO~

A) AN ACCURATE AIIOI(f INITIATION
MANEUVU OR INSERTION, COMI'UTE THE RENDEZVOUS

II) ... P...RTI...l ....OItT INITIATION
MANEUV£JI 011 INSEtl:T10N. INITIAU ... MANUAL INSERTION.
CSM DWELL. OR lIESCUE< TWO-llEV RENDEZVOUS"'S f)lltfCTED

Figure -7-1. Summary of Descent Abort Points (Reference 40)
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Table 7·1. Summary of LM-Active Rendezvous Sequence

Fridge, DuPontIPDB/OMAB/MPAD (for 10M TIII'II!Ii~)
Oata 501irCe' j ( ",.r. ,
Dat.ll connnned";' .n 'f4 '~.

I.M '-1.- PDI al:wrL SUIllIIIat'Ji data. (March 17 loIuoc:h da~)

1"51Gn pro I

'AG' ABORT INS 800~T HM "I CIIH m A," I

TIME TlI'1E TiM( TII'I[· TiM( TIME TIME TIM( !
POI. POI. f "76 HAlHINS INS· INS'- INS'- .Wl( INS'- ", '" 001. 001· ...11 .. ~'.i7 •

H ,., Z NA NA HA HA NA l+O~' ", 1..c1+17· ·119 OJ ..,. ....7.1) ,, - ..
·00

I ~:~ l=~:~i 13S:~/~~~:
HA .. ,~ c"" ~:~ , 1~7:ii .,~~. ~.5 , ... ro '" "" "'l'.00 ;.; ..11].6 _39.1

'.00 ,.., 5645.8 132.4/60018. I; 41.1 1~-'()1 .113.1 -3J.1
"00 7.19 563Il"1 126.!iII'I)()23. f" 47.4 ,...... .106.0 .....
'"00 B.SO 5629.2 119,2160030. jio';' 47.3 1+56+"" ..... .13.S
••00 10+14 5616.6 " 109.l/600J9•

i
41,4 1.!l~ -83.8 -.'""O 12..-29 ....., 96.4/65421. 45.9 1.554>Z2 061.1 14..2

!
••00 14.30 5510,0 i 19.4/71108, .... 1.54+16 -." 30.7
..00 16+07 5545,5 162.5173870. 43.' 1.53+50 -n., 43.",- 17+15 5518.9 49.4/72124. 43.9 '·~].15 .....2 51.] ,11·00 18+19 5515 8 ]1 2j667S4 ... 1·SZ<t41 ". ..,

13:00 z:~~ ~~~Q.~ ~:.=,=:::~. Ii"
1+~o.OO .. -"" ;:9 3:;-29 :,1:; I -:S:s .- -"

r
.. .. ,

5541.5 I".'/60>" '1 ! I

1 1
14+00 21+215 5514.0 . 46.9/1502'50. 40.6 ]+18+15 , ....5 G.'15+00 22+25 5526.4 141.4/6024.8. 41.2 3+18+(12 ~. 2.5 '7.9
'6000 23+25 5518.7 35.9/60246. 41.6 ]+]7..a ~ 9.7 211.1
17+DO 24+24 5511. 1 30.5/60244. 41.7 ).]1.33 17.1 37.3. • • • . .' ..

NO 2+12 ... NA .. 1+01+00"' 2+07+00- ,." .... ,,, ......,. ·132') -29 ...... '90>')1 " ," .. . II

~~~ i ;:~~ I ::~:~ ''':416001.:I 1.00+00 2·00+00 ,.. '"" ~:: I :::.~ :{~:~ -9.:- tr '" HA ..
Itt !

.7.1

! ! !]+00 ..., 5659.6 14].1160019. 38.0 4+OZ.J2 "'21•• ..1.6
"00 7+20 5656.3 141.0/60024. 31.5 4--oZ.ZC .123,6 '.'5+00 8+51 5651,6 1]1.2/60031. 31.0 44oQz.n ..118.5 16.8
6+00 10+16 5~5 1 lll: li 60040 ,.. 4*-01.59 -111 ' ...
·00

l~:~ ~;>:;I :~5.~~~~. HA ..

T
:~:i ,:~~ :1~:;

.~ ..

l II '"8+00 128.1/71266.

II I
..26.7

j
9+00 1&+11 5609,] 111,3/73944, 43.3 1"56+-01 ~5.fi ....

!a.OO 17+19 5593.8 9iJ.Zl72112. 44.1 1.55+21 ..fi9.] 11.3 .,
11+00 18+22 5581,8 I86,O/lili795. .5.G 1+S4.S4 ..53.1 23.' ,
12+00 19+24 5569,6; 74.0/61708. 46,8 1.54+21- ..37.9 ".' "'13+00 2'0+26 5551.7

1
.. 59.9/50253. 41.;- 1+53+4" _19.0 44.4

14+00 21+26 5536,9 I 49.0/60250. I 47.0
::~~~~ ~~:~ ~~.~

,
15+00 21+25 5521 8 381/60246 .. , ~ ..,

. • • •• 2 .9/502 5. . 4 • J.J • .1 •• 4 ..
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Apollo 15. The CSM-actlvc (resclle) rendezvous sequences have not

changed with the exception ot the rOBcue Z values (or the I~M partial abort

AV maneuver. /T'hcsc data arc given in Table 7-2.

7. l SOFTWAHE INJIIDIT FOH DESCENT ADOHT AND AUTO TIIHOT1LE
OITS (New Seclion)

fo avoid the descent abort switch malfunctioning diflicultles

encountered on Apollo 14. the descent abort signal received Crom the ahort

and aborl stage switch will be nlasked in the PGNCS on subsequent Apollo

missions. Should an abort be required. the abort sequence is

• Attitude 1I01d

• rllll Throllle

• Abort or Abort Stage

• VllN46EE (to unmask the abort bit)

(J

(J

If the switch is failed open, V22N46EE will not work. and the abort pro.

granl V37E70 or 7(£ is required. I( that fails. the AGS \'.'ill be used (or

the aborL

The last two steps of these procedures arc reversed for T t aborts. (.)

In this case. unn1asking is done first since the LGC will not command the

abort pitch profile until the bit is unmasked.

The auto throttle discrete is also masked on subsequent Apollo n1is

sions. Although this protects against failures. it should be remembered

that masking the auto throttle discrete negates the possibility of the cre\v

returning to P66 auto throttle fron1 manual throttle.

{ )

_----"- ~ __ l

( )
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Table 7-2. Rescue-Two Swnmary (Reference 40)

Number of Revolutions Initial Value of N
Partial Abort Phasing for {For Equation in

Abort Case Maneuver (fps) ~ Revolutions Rendezvous Baseline Doeumentl

No PDII + 12 0;; AV < 20 2 3-2/3 4
20 ;; AV ;; 105 1 2-2/3 2

No PD12 + 12 0;;AV<20 3 4-2/3 6
20;; AV <60 2 3-2/3 4
60;; AV ;; 123 1 2-2/3 2

No PD13 + 12 0;;AV<3 5 6-2/3 10...,
3;; AV < 20 4 5-2/3 8

,
'" 20" AV <45 3 4-2/3 6

45 " AV < 95 2 3-2/3 4
95" AV " 152 1 2-2/3 2
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8, LUNAR SURFACE PHASE

Thts section discusses the updates to the I.unar SurCace Phase

Mission Techniques (ReCerence 71. I'ollowing a brleC review oC the lunar

surface activities, these changes and additions are discussed in the order

in which the subjects appear In the baseline document.

_'"{he stay tin"lc on the lunar surface is open... cnded. and the planned

nl.3xinlunl will not exceed approximately 73 hours. After checkout of the

--11!.(and alignment oC the PONCS and AGSllo ..sess It, launch ceM!li!l\Y,.__ .
the crew will proceed with the first of three 7-h,gur EVA'!. Traverse

planning will provide (or returning the crew to the LM under each of the

{allowing single- (ailure conditions:

• Use oC the buddy-secondary liCe s;'pport system due to
an inoperative PLSS anytime during a riding traverse
(based on the assumption that the LRV will operate
properly during the return to the LM,.

• Use of two PI..5S's (or a walking return to the LM from
an inoperative LRV anytime during a riding traverse
(based on the assumption that both .l?'LSSls will operate
properly during the return to the LM).

Traverse planning does not provide for dual failure conditions such as tv.·o

PLSS failures or an LRV failure combined with a PLSS failure.

ALSEP deployment operations will be performed, and photography

will be obtained to docwnent to EVA's. Television transmission will be

provided during the EVA periods.

Ten revolutions prior to the LM lift-off, the CSM will perform the

required plane change to permit a nominally coplanar rendezvous.

8. I POST TOUCHDOWN ALIGNMENTS (Page 7)

The postlanding IMU alignment sequence has been reduced Crom that

oC Apollo i5 to a single Lunar Surface Alignment Program (PS7) AT-3

(AOT vector on one star and measured gravity vector). This alignnlcnt

data will yield a measure of the IMU performance and the LM position and

8-1
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attitude whh-h arc stored In the LaC. The allilude data allow a 1'57 AT·O

(LM y .. and Z.hody axis vectors) to be used (or an alignment it a 5ullse

(luent lunar surface abort should be required. The AT· 0 alignment reori

ents the platforms by an amount equal to the angular difference between

the olel and the desired REFSMMA T's.

During the AT· 3 alignment. the displayed vector diUerence Is the

angle hetween the vehicle X-axis and the measured gravity vector. The

AGS pseudo gimbal angles arc monitored by the ground during the align

ment to determine I~M settling during tJ-.c alignment. L~{ sottling during

the aligmnent will degrade the accuracy and possibly require a realignment.

The advantage of the AT.. 3 alignment is that the IMU is accurately aligned

with respect to the vertical, regardless of B.LS errors (asswning small

gravity anomalies) and yields a correct flight-path angle at insertion. The

:=:lnall nlisalignmcnt with respect to the basic reference coordinate fDRCS)

Gystenl is not a problenl for rendezvous.

8.2 PIPA UPDATES (New Section)

Reference 26 indicates that the last PIPA bias measurements prior

to ascent have always been the Olost accurate; therefore, the final coni

puted preascent PIPA biases update will be used if they are consistent with

other 11'leaSUrements. Small, but significant. bias shifts have been

observed on previous nlissions between IMU power down and ascent prep

aration. Reference 28 indicates that these PIPA bias shifts can be reduced

by having the acceleronieter output axes horizontal during the lunar stay.

Table 8-1 presents the two nlethods of conlputing the angles that will be

used to accomplish this after touchdown and before L~1. powerdo\vn·". Also,

the PONCS will be turned on one hour earlier than previous nlissions,

which gives more time to evaluate any trend in the bias computations.

8.3 PRELAUNCH CSM PLANE CHANGE (Page 15)

During revolution 40 (::::0 154 hours GET). the CS,r..! will execute a

lunar-orbit plane-change (LOPC) nlaneuver, \vhich is targeted to have the

CS1\1. pass over the landing site during the nominal lift-off revolution (50).

':-
The LGC will be in STANDBY and the IMU in OFF until after the sleep

period following the third EVA. The LGC will be activated periodically for
clock reset and CSM state vector update.

8-2
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Table 8·1. GImbal Angles (or PIPA Bias ShHt Reduction (Re(erence 28)

Equations YSM Parallel to ·G

given (P - 57 gravity determination)

·G = aXNB t BYNB t yZNB

IGA = 0.00 deg

MGA = sin-I [al (a> 0)

OGA = {c~s__ : [ cos_~GA ]

sm [cos MGA]

B Quadrant

t t 4
II

t 3 (-. t)

t III
(-. -)

2

Simple Equations

Copy CDU angles at touchdown (V06N20)

V4lNZO

RI: OGA

RZ: lGA

R3: MGA t 90 deg where -90 deg < MGA < 90 deg

V41 V 33E to fine tune parking

8-3
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A kdc r.~\'nl\ltiOll or lunar stay is selected to mtntmi;r.c a suhscqucnt 1.01'(; (( '\

if Ow C:~iM .~li()11111 have '0 support an ('arly J.M liet-off. Thn inplanc hort- W
!:ontal r('sidl1,'. (V~y) of the Lope will he trimmed to wHJlill 10.2 foot per

504'011<1 tn retclin the tarActccl orbital porioll. Trimming>: anrJ Z. 13 not nec-

essary. .\:ccpinp, tho period nominal (i2 minutes) avof,]s changing the flight

plan. The CSM is roUed so that the downward firing Z.·thrustcrs can he ("J..
lIsed: this avoids 81M-hay contamination hy the Res, It also minimizes the ...

plane-change yaw steering required by tho LM to support a late lift-off.

The basf!Jinc document discusses the usc of MSFN data (ollowing LOpe to

target the LM (or yaw steering into the CSM orhit plane.

The manual Lope takeover Iterminate limits are

• Attitude: to degrees

• Attitude ratc: 10 degrees/second

• Durn tcnnination: at burntimc + 1 second

It should be noted that during the two revolutions before lift-of( o( lunar

stay. the CSM will avoirl uncoupled attitude control maneuvers so that the

MSFN orbit dcternlination will be Cree o( perturbations.

8.4 PRE-ASCENT ALIGNMENTS (Page 16)

Figure 8-1 shows a new procedurt: (Re(erence 28) (or obtaining the

star data (or the first pre-ascent PS7 (AT-3 Option 4). This technique is

easier and laster (or the crew and gives ~tCC-H more tin1c (or IMU

ovalllation.

Option J was select~d so a drift check can be performed after the

final P57 which occurs 2 hours Jater. The {our-star sighting will be used

(or the postflight determination of the position of the LLS.

( )

()
8-4
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H. 5 ASC~NT PHEPAHATION TIMELINE

Figure 8· Z shows the ascent preparation tin1clinc (or Apollo 16. The

signifit.'ant changes involve

a) Moving the PONGS TURN ON and the firstP57 AT·)
one hour cartier to increase the time between the
two 1'57 AT·)'s (or the driCt check.

b) Moving AI'S PHESS (rom LO • 30 minutes to
Lo ... 10 minutes to inlprovc the trajectory/rendezvous
situation. An AI'S leak at AI'S I'Rf;SS results in an
early ItCt-of(, which requires a LM 110051' aCter inser
tion to adjust the phasing. At least lO percent RGS
must be reserved (or altitude control during renuezvous,
noth the ground and crew have charts (or this maneuver.

c) Moving ENG1N~ ARM (rom Lo • 30 seconds to
1.0 - 10 seconds. Since the possibility e"ists (or some
Callure to cause an early Wt-of( at ENGINE ARM, the
event was moved closer to the nOlllinal LO lime. The
allowable error In lunar surCace Wt-of( tbne Is ilO scc
onds (ltc(crcncc 41) with 3n appropriate tweak m.ancuycr
to csfablhh proper planning (or fBred rendezvous. The
onl)' source Cor a 10- second carly Wt-o(( is probably an
crror in the clock or Ignition at l;NGINE ARM. A IlH
0(( oC more .than 10 seconds early requires a tweak
maneuver, which result In a perlcynthlon altitude o(
less than 5 nautical tl'lllcSI therefore, a. bailout l11an~uvcr

wottltl he required. H llft-oH docs not takc plal:c ,vUhin
10 seconds or the nominal TlO, it Is probable that the
auto ~t;.\tt a.nd IIM.nuc1! stitrt (ailed, and the !ourcc is tIot
kno"", Should this happen,. the nomlnallUt-oCC allcmpt
'vHI he terminate(l AntI a !ccond attclupt Illadc onc CSM
revolution later.

a

( }-

\
I

.

(1) Turnlug the MS.·N lua,A\' ON before asrcnt. Priur to
asrcltt, the MS}'N HELAY 'viII be turnc(l O~ t.o protcd
a.gainst the no- VII}' cOllu1\unlratlot\ contingency. It
shuuld he noted that turning the MSl'1-: 1l~I.AY ON "'an,jng
up 10 a 3·.econd tran.miss,on delay) <an Invalidate the
Illl/VIII' <omparlson aCter intertlonl howev';to the
Apollo 16 <rew requelle" thaI it he turntd ON, (MSl'N
Hl:I.AY turn-ol1 il! flisc\lSH',1 in Sl'diull ~. 1·1).

(J
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8.6 TYPE OF HENDEZVOUS FOR PREMATURE LIFT-OFF (New Section)

The I.unar Orbit Activities Section discusses the logic and rationale

(or a dired rendezvous through the tweak decision. However, for prema

ture lift-off (rotIl the lunar surface, two other constraints arc imposed:

\

a) It there is no conununication, the CSl/CDH rendezvous
will be used. The no-comnlunicatlon contingency lift-of(
times sent to the crew while on the lunar sur lace will
always assume a CSl/cDIl prolile.

()-
I

i
I

b) }~or those abort times whC!rc the plane change tnancuve1:'
Is small, (just a(ler landing and prior to ascent) the
direct rendezvous wlll b. used l( one primary G!-N sys
tem Is GO.
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9. LUNAR POWERED ASCENT

This secHon discusses the updates to the Lunar Powered Ascent

Mission Techniques (Reference 8). }~ollowing a brief review of the powered

ascent activities, these changes and additions will be discussed in the

order in which the subjects appear in the baseline dOCUhlEmt.

Ten revolutions prior 10 LM IIfl-off, Ihe eSM wlll complele Ihe

required plane change to permit a nontinal coplanar rendezvous. Powered

ascenl wlll be accomplished using Ihe APS under PONeS conlrol (nomlnaH.

The lrajectory cons isis of a 10-second vertical rhe (yawing 10 Ihe proper
I:'

azlmulh ) (ollowed by a pltchover maneuver. The LM Inserls Inlo an

approximate 9- by 48-naullcal n,Ue e1l1pllcal orbll after an 8-minute

period o( po\vered nighl, LM IICt-off wlll occur aboul 2-1/2 minules

earlier Ihan Ihe nominal lime for a coeUlptlc rende.vous 10 permit use of

the early rendezvous technique. The mission techniques tor ascent are

designed to provide sa(e Insertion conditions acceplable (or rende.vws,

The crew is ,esponslble (or delecllng and isolating syslem problem. Ihal

require immediale acllon. The ground h respon.ible for slow-drHI I11al

funcllons; Ihe,efore, S-band high-bll-rate-communl<allons wllh lhe ground

are required. Aho, a degraded PONeS wlll knowingly be u.ed .. long ..

a safe orbit In.ertlon can be achieved bdore .wllchlng 10 Ihe AoS to pro
led agalnsl a posoible swllch-over I11alluncllon.

9, I S-IlANt> 111011 IlIT nAT~ nATA (I'.\ge 2-71

S-band high-gain antenna cO!lll11unlcatlon should be I1lOtntalned

automallcally du~..cehl. On previous missions. a l1-w maneuver at

aEproXltnately I '!linule aHer HIt-o(( \vas heeded 10 In'Ute Ihallhe.• teer

a~.!.e_a~~~nna was hoi ~~~~ LM struclures:. On Apollo l~, the antenna
LOS geomelry Is suoh lhal no yaw maneuver II requlrtd,

.:arly nil AOS " desirable (or c,ew Inonltorlhg durlhg Uotnl and 10

rtdu<c Ihe pollln.erHon Iltnellne soht,lule. (The nn Is used u a third

·The MCC-II <ompute,l value for AOS ",lttlul" 1'1111,0 u.ed for subsequent
Inlulons because or an onboord co'"putaHonai error which was dllcovored
On Apollo IS.

.~~~-.------
. .

\
\
\
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vote (or disagreements between the PONeS and AGS). Table 9- t presents

the procedures (or manul.l RR lockon during ascentj hOv"'Jvcr, it should be

understood that the ascent procedures will not he used unless the crew is in

a situation of no conununication. The pre-ascent RR procedures given in

Table 9-1 arc par! of Ihe normal pre-11ft-off check1ls! and will be accom

plished to support m.anual un. lockan should a subsequent communication

Callure occur.

. ~

Table ?-.. Rendezvous Radar Ascent Procedures'

Pre-lift-off procccturcs

I J Seled secondary gyros (or mlnlmuhl trunnion drtrt

Z) Deslgnale RR anlenna (V4IN71) 10

Trwmion (R I ) : 180 degrees

Shafl (R
Z

) : 333 degrcos

3) Slew up (high rale) lor 3 sceonds, antenna should be al

Trtumlon: 180 degrcos

Shall: 0 degree

41 Crew may read 1\1\ angles (ground also)lIlhe Norrmon nag Is sel
prior 10 I'IZ

Ascenl procedures 10 be used In Ihe event of a conullunlcatlon lallure (al
11ft-oIl 14 Illinules)

I) Slew up (high ralel lor Z4 lecondl. to ensure antenna again II
168 degrcol hard stop (mechanlcaI1lmltatlon)

Z) Slcw down (high rate) lor lllll seconds sto~plng shorl 01 desired 1.05

I;~amplel (Using Apollo IS 1.05 lor sh'(1 • Z1S degrees)

360 deg - Z1S dog 168 deg -I • IS. 6 Ice
9. 18

p

D

(J

• IS Icc al high slew rate

31 SleW dO\\11 (low rate)unlll AGC Illoter In,lIeAlel Ilgnal Ilrenglh \ )

41 Ma~llllulll Ilgnal Ilrength II dellred. Ihen IcI«1 aulo Irack

S) I'osslble Irunnlon drill crror 01

S1 sec 1 O. S8 ,le~ltl1ln , 0.; ,Il'~ error

--((defeltce ZH

------------.<_._----

( )..
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10. MANUAL ASCENT

This section discusses the updates to the Manual Ascent Mission

Techniques (Reference 9). Following a brief description of the manual

ascent problem, these changes and additions are discussed in the order in

which the subjects appear in the baseline document.

The baseline techniques present the guidance dnd navigation sequence

of events which must be performed for a powered ascent using either a

111anual technique or degraded guidance system. A manual ascent Is

defined as one In which the altitude conlrol In at least one axis Is provided

h'lanually and the attitude errors in the ntanually controlled axes arc not

automatically computed and displayed (I. c •• an ascenl In which the aslro

naut nics thc error needles Ie considered an automatic ascent since the

attitude errors arc aulomatically compuled by the PONeS or AGS),

Manual ascent (rant the lunar surCace or from. an abortC!d desccmt

"-Quid be neces.ary In the evenl 01 a doub}~iall_u_!~ ~ha~ dls..1J!~<t!l.'!lomaltc __
guidance sleerlng In bolh PONeS and AOS. Whlle Ih... probability 01 any

specillc pair ollallures occurring Is exlremely small, Ihere arc many

combinations 01 double lallures which would disable bolh poNeS and AGS

aulomaltc s~s..'_._

11 Is generally ag reed Ihal

Ic
I

.,

Given a rate ~otlU1,and attitude control systelll. the crow
should be able 10 guide Ihe LM Ihlo a eale orbil qulle
ultslaclorlly using Ihe lowest prlorlly alltlude rclerence
(horlton viewed Ihrough Ihe overhead Window),

!lolh Ihe AGS/ets and Ihe PONeS have a subslantlal
capabllily. even IIlhe aceelerolnelers ore
Inalluncltonlng.

lhe lallure at an allilude gyro In cllher guidance sy••
Ie'" vlrlually ellmlhates the use ollhat guidance sys.
10111 tor vehicle cOhlrol. lhe t.lIure 01 a CLS rale
gyro caUle. 1011 01 AUS aulolnaltc capablllly In Ihe
diubled aXIl only.

10· I
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For a safe tllanual insertion, it is necessary (or the crew to have

both an accurate attitude reference and a usable attitude control mode';'.

An attitude control system is considered tulusable iC it provides insufficient

control authority or requires greater than hWllan (astronaut) manual dcx·

tcrHy. The paIse and mininlum pulse tnodes of attitude control arc not

considered since it is thought that they lack sufCicient control momentum

to overcome ascent engine disturbance torques.

10. I SEVl-:N-STEP PITCH PROFILE (Entire Document)

The seven- step manual ascent pllch prollle shol>71 In Figure 10-1

replaces the eight-step profile dtscussed In the baseltne document. The

seven- step prollle was seleeled because 11 closely {ollows the nomtnal

It versus II prolile (Relerence HI. Figure 10-1 shows typlc.1 FOAl angles

and overhead wtndow (OIlW) angles o{ the horizon. The cr.w prcCers to

use.th. FDAIIlO-second st.p prollle rather than the sev.n-st.p manual

ascent pllch prollle U a valid FOAl and rate damp.d controls ar. avallabl••

10. l Lu'r-on' TIO P/\OCr.DUIU;S (l:ntlre Document)

Th. lilt-oil TlO proc.dur.s given In the bas.ltn. document errone

ously r.v.rs.d the order o{ the AIl~1 AI'S and pu,h ABO/\ T STAo!:. The

corred aScent 110 vroccdurcs arc

• I'I\,h AlJOH T STAO!:

• AHM AI'S

• I'u.h START (lOG wlll tnsur. auto engtne ON)

10. j SUMMAHY O}' MANUAL ASC}:NT I'HOCl:UUIU;S (I'age l-6)

lhe Illanual ascent protedur.s .howlI tn Table 10-1 Include two

change. In the altitude dloplay column and Involv.

• The eight- .tep 1'UAI proille has beell replated by a
5C\'Cn a stcp proflho" lhls al)pllcs 10 the entire hasellne
tlOlUIl)Ctlt as tlh(Ousst'{1 In Scdlotl 1(.', I,

{ )......

( )

\
1

"'The J-I Update Ilocument errolleously UIX1ued the priority o{ the control
1110des to Indicate that the I'ONeS ATT 1I0LD l110de "'.. prolerred to AOS
AUTO In the case 01 a HAl' {allur.. Thlo I. not the c.... and the priori
tics Slvch In the 1J11cllne tlo(ull1cnl art corrC!cl,

------_.---.-
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l RDOT - 440
R - 317
Ho - 315
Hp - 403
VI - 433
HOOT - 367
H - 337

- 227
tN 404, 5,6=0

f5

DEDA ADDRESSES
·",t i.,

V DOT - (Prelent)(-)270
STOR~ ; (Next!tlo;~-n63
STORE ROOT -503E
STORE R . 316E .
VI6N78 ~ RNO!RNO RT
Vl6N92 roTHROT!H DOT!H~
V21N696HS N

470,71,72R ;x,.
MANUAL ASCENT

fOAl 7-STEP
,IS PITCH ON TO 3050

2:00 295
3:00 290
4:00 280
5:00 275
6:00 265
7:00 260

TO APS
DEPLEtiON

OHW 7-SiEP
,IS PITCH ON TO 380

2:00 31
3:00 28
4:00 20
5:00 18
6:00 11
7,00 8

TO APS""'''Ot
.'Igure 10-1. typical Seven-Slep Pilch Protlle (or Manual Aa<enl

(A",,1I0 141 ne(erence HI
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• The last two failure cases have been corrected to show
that the crew should fly a nominal profile. These two
cases involve a failed PONCS and either an AGS Y... axis
accelerometer Cailure or an AGS rate gyro Cailure. In
the case or the Cailed AGS Y-axis accelerometer, the
bias and scale factor arc set to zero, and the AGS auto"
matte attitude control is available in all three axes. For
the Cailed AGS ratc gyro case" two"axis automatic con.
trol Is available, and the crew will manually steer the
nominal profile In the Inoperative axis using the FDAI as
an attitude reCerencc, if required. These corrections
also apply to the detailed discussion presented In
Sections 4.3 and 4.4 of the baseline document.

10.4 TllREE-STEP MANUAL DESCENT ABORT (Page 2-91

Table 10-2 shows typical FDAI and overhead windo," angles (or the

three-angle technique o( manually controlling aborls (rom powered de.cent.

This three-angle technique Is based on a 14-second vertical rise (or a DPS

abort and a 40- second vertical rise (or an AI'S abort. All pltch maneuver

rates arc 5 degrees/seconds, and extreme care must be taken In not

cx(:ccdlllg this rate since overrates result In low perilune$- (Re(erence 39).

------'. -------"·--4 _. ".. __~ . ,_.
\
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Table 10-2. FOAl and Overhead Window Angles Cor Manual Descent
Abort (ReCerence 43)

, OPS/APS.~.'.

~SI
MMul.!.
AltI~l

MCLIS

( )
<-.-'

)

( )

\

All hlll'ltlnUI ate b.t.h.I'Htd (oupltd '.11 pitch tal,.
~ de,/StU
~'(r..t.bllthpolithe tlr>Ot. then abotl "',U utin,
tr,.lt!u.1 u(.t'II an[l:lu.

tl.me at lIut Ittp

lim, 01 U(Mrt atep

time of thhd attp
tHr.e of .lluMe",'" IStJ,

de,Idt,

r1t[l: '''t_
dtllfdt,l
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II. TRANSEARTH INJECTION, MIDCOURSE CORRECTIONS, AND
ENTRY

a 5 ;

l

This sectlon discusses the updates to the Transearth Injectlon,

Midcoursc Corrections, ~nd Enny Techniques (Reference 10). }~ollowing a

brief review of the TEl, Meet and entry activities. the changes and addi ..

Hons will be discussed in the order in which the subjects appear in the

baseline document.

TEl Is scheduled approximately two revolutions aCter jettison of the

subsatcllitc discussed in Section 5. tq. TEl consists of an SPS burn to

boost the cs1-,i out of lunar orbit. The nominal return flight will not exceed

110 hours, and the return inclination will not exceed 70 degrees (relative

to the earth's equator).

During transearth coast, midcourse corrections will be made (or

entry corridor and landing point control, it required. These corrections

will use the MSFN (or navigation. 81M data retrieval will be accomplished

during an EVA. Selected SlM experiments will operate during portions of

the transearth coast period.

Prior to atmospheric entry, the eM will be separated from the SM

using the SM RCS. Earth touchdov.-n for Apollo 16 will be in the Pacific

within ±35 degrees latitude and will occur within approximately 12.5 days

after launch from earth. Immediate recovery of the crew and the CM will

be effected.

II. I MCC MONITORING AND TER~UNATION (Page 5)

The trans earth MCC- 5 burn table (Table 11- 1) shows the SPS maneu

ver monitoring. termination. and completion rules. The rationale {or ter

minating the burn {or impact point UP) control is that. terminating the burn

and investigating the cause of possible d 'ficulties does not yield catastro

phic results; whereas. for corridor control, inm1e4iate return to nominal

corridor is necessary. It should be note(l tr.3.t the MCC shutdown time is

now BT + 1 second. Previous TEl and the MCe's were shut dm.vn at

BT + 2 seconds.

11- I
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Table 11- I. Mec- 5 Burn Table

() \

IR or Y Altitude Shuldo\'1l
~fancuvcr Rates Ocvlation Time Residuals ,

Corridor control 10 deg/sec *10 deg DT t I sec TRIM X-axis
,

complete conlplctc and only 10
l>V ; 0 O. Z fI/sec ( )c

IP control 10 deg/sec ilO deg DT t I sec TRIM X- and
tcrnlinatc tcrolinatc and Z-axes to

l>V ; 0 O. Z fI/secc

II. Z NO·COMMUNICATION CONTINGENCY (Page 14)

In the event of communication loss. the creW will use the Return-to

Earth Progranl (P37) (or Inidcourse maneuver targeting and entry initiali

zation. If conununications arc lost between TEl and EI - 24 hour s. the

W+nlatrix will be initialized. and navigation sightings will be taken. The

current estimat('d time after which the loss of conununication Will not prc~

sent problenls (or the MSFN navigation (NAV) vector is EI - 24 hours if all

subsequent attitude control is coupled. ~fSFN updates after this time

improve the NAV accuracy. since they will be more accurate than onboard

navigation. In the event that a MSFN state vector update is obtained at

EI - 24 hours or later, onboard navigation (P23)::: is not required for sub

sequent MCC's and entry.

It should be enlphasized that P37 nlust not be used after 4 hours

before entry interface \vhen the final scheduled 1-.tCC update is uplinked.

This would cause the external AV target load and the landing point location

to be revised based on P37 conlputations. which is undesirable.

With a steep entry trajectory. it is possible to encounter high-g load

ing (up to II g's) if the lift vector down (after 0.05 g) is maintained until

:;'Section 13.5 of the C01?tingency Techniques presents a new techniqu~ for
initializing P23 in the event there is a loss of commWlication, a PIPA has
failed, and an SCS TEl was performed on block data. For Apollo 16. P23
will not be performed during trans earth coast unless com.ruWlications arc
lost.

11- 2

( )

()

\
( )

I,
\

~



r
5

t'~}r:Mi1ft'W'll" • _

$

l

l

I. 5 g. Therefore, In a no-communIcation Instance. the crew will hoM the

lilt vector down unlll 1.5 g or until the EMS scroll Indicates a steeper than,

or equal to, nominal trajectory (1IIght-path angle): whichever occurs first

(Reference 441.

In PH or any program using the INITVEL routine, there are near

polar and high Inclination return-to-earth and reentry restrictions on the

onboard software (Relerence 451. The P37 Return-to-Earth Program used

to target returns to earth from oulolde the sphere 01 Inlluence 01 the moon

uses the Lambert hrgeting technique and. therefore, has an inherent infi

nity 01 solutions when the target Is 180 degrees away from current position.

Otherwise. there are two distinct solutions possible where the program

automatically selects a trajectory for getting irito a posigrade orbit with

respect to the earth. II there Is degraded knowledge of the state In the

onhoard computer or the position vector is within t. 5 degrees of the ve!oc"

lty vector, a retrograde solution might be selected. Excessive AV changes

or no solution resulting from too many iterations on the cotangent of the

IIlght-path angle (605 alarml will warn the astronaut to that ellect.

There is no recovery possible to the large ~V changes; however, the

iteration problem can be solved by specifying a nonzero night-path angle

(y) as input to R3 of N60. There are no equation-execution or scaling prob

lenls associated with the entry onboard software {or polar or retrograde

return entries.

II. 3 TIME LINE AND ATTITUDE UPDATES (Page 18)

The high-speed entry procedures arc updated as follows:

a) The SXT star an.-J horesight star checks which were
previously scheuul-'d ;::,.t E1 - 2 hours are now per
formed at £1 - 1:35: f'er the P52). To conserve CSM
maneuvering. these St lr checks (to verify the IMU) are
performed in the horizon check/separation (no yaw)
attitude instead of thC' entry attitude.

b) For the nominal casco t'le CM is maneuvered to the
entry attitude after CM/3M separation instead of track
j 19 the horizon. Again, this is done to reduce CM

\,

<- II" 3

---"~--------c---- ~~--""

, '

\

~J..;



...

1l1:ll1cuvering. In the event of no comrnunlcation. tho
horiz-on Is tra('ked from separation to cntry as on pre ..
vious missions.

c) The spacecraft control is switched from SCS t9 CMC
IlAP at 0.05 g rather than EI - 2 minutes (crew
preference).

It.4 IIlGIIINCLINATION ENTRIES (Page 211

The special takeover techniques (or high inclinations (when weather

3"oidance is required) have been deleted (or Apollo t 5 and subsequent mis

sions because of modifications (gain improvement) to the CMC entry pro'"

grams. The modifications aha reduced the nominal entry range Crom

.. l50 to I. t 90 nautical miles. Failure of the LEWD iteration in Pb5 to

converge cannot occur (or nominal or weather avoidance (1.475 nautical

miles) entry ranges.

11.5 nUAL-RiNG RCS ENTRY ROLL CONTROL

The dual- ring Res will be used (or entry roll control beginning with

Apollo t 5. In the event o( a stuck thruster ON. the ring with the stuck

thruster will consume propellant three times as fast as the other ring due

to the four opposing thrusters (two on each ring) sharing the resultant roll

control (unction. In the ""'orst case situation of a stuck thruster ON at

400.000 (eet. the dual-ring configuration provides a 4S"'pound ReS propel

lant margin as well as increased roll control authority (over the single

ring configuration) while the stuck thruster is on.

Il-~
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12. TRACKJNG DATA SELECTION CONTROLLERS PROCEDURES

.'ollowlng a b,'IM discussion of the Tracking Data Selection

Controll..s Procedures (Reference Ill. one update will be discussed. The

baseline docurl~Ant contains dctailed information and procedures concerning

the responsibilities' oC nata select support, tracking controllers, and the

Oight dynamics team in the nT~C operations. It also contains the general

responsibility, communication intt::r(accs with other olission controllers,
-.~,

tracking site requirements, and input anJ control of the real-time com-
"puler complex. The major (unction of this cffort is the determination of

the best state vector to be used (or all required t;aj--,ctory control decisions

and information.

Although the basic techniques arc unchanged, the tracking data ':f>lec· i
tion controllers {unctions. which were previously perfornled during revolu· "I
tions 12 through 14, are now perfornled during revolutions IZ and 13 due to

deleting a revolution beh,,'een CIRC and POI. The current sequence is

presented in Figure 5.. 1.

12. I LIMITS OF ACCEPTABILITY OF LANDMARK TRACKlNG DATA
FOR INCLUSION IN DESCENT TARGETING (Page 51)

Prior to descent, the landing site will be tracked (CSM PZ4/SXT) {or

inclusion in descent targeting. If the revolution 12 and 13 ..B.LS estimates

(cc.mputed from the CS1i P24 sightings) differ from the a priori map values

by less than 3:; limits, the optics data are incorporated into the descent

targeting. The 3:; values (Reference 30) for Apollo 16 are

Downtrack: 3,800 feet

Crosstrack: 7,900 feet

Radial: 4,350 feet

As stated in the updated lunar orbit techniques (Section 5), the landmark

tracking is not required for Apollo 16 since the landing ellipse (without

landmark tracking) retains all lunar traverse objectives.

....

i
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13. CONTINGENCY PROCEDURES

Thlo ••ctlon dlscu•••• the updates to the Contingency Proc.dure.

T.chnlques (R.r.r.nco 12). The baselln. docum.nt pr••ents tho contin

gency technlquo. ror traJ.ctory and .ubsy.tem monitoring ror each ml •• lon

pha•• (.xcludlng alt.rnato mission posslbllltl•• and undocked lunar actlvl

tie.). Since the ba.lc ground rule 10 ror MCC-I{ to provide the navigation ..(\.Uletion a5 long as conlmunicatlons are maintained with the spacecraft, a

.lgnHlcant porHon or the ba••lin. docum.nt Is d.voted to navigation

procedures,

13. I NO SLA SEP PROCEDURES (New Soctlon)

This section presents, the techniques to be used in the contingent

.vent that the .pac.crart LM adapt.r (SLA) and the S-IYB Call to ••parat.

upon command at approximately TLI + 1/2 hour. Flgur. 13-\ .xhlbits the

Umetine Cor this contingency, and Figure 13-2 shows the real-time ded

s~on logic. A discussion of the ground rules and techniques is given in the

Collowlllg i'l\ragraphs.

The philosophy used iH th". developnlcnt of the NO SLA SEP tech

niques include

• Maintain or establish free- return trajectory as soon as
practical because postponement oC MeC results in a tlAV
p.nalty.

• U.e S-IYB L1I2 dump (", 19 reet per second)"'. LOX ~ump
('" \4 r.et per second)':', and APS ullage ('" 23 reet per
second)l;' for the first and second NO SLA SEP M...:c's.

• Delay thrusting until the second rnidcourse correction
(TLI + 6 hours) if possible to improve solution.

• RCS t:J.V capability is approximately 80 feet per second.

• Perfornl the second MCC before TLI + 6-1/2 hours'::>;'.

• A reasonable period of MSFN tracking should precede
each midcourse correction.

• Partially passivate the S·IVB to safe the vehicle and
minimize trajectory perturbations pri(1r to the first MeC.

::'Yalues obtained from Reference 46.

;;'*An IU and S-IVB battery lifetime prediction is available at TLI + I hour.

13· 1



HI CO (>-lVB CO)

SLA SEP AIIEMPT

HI t I HR

TLl t 2HRS

HI t 3 HRS

ILl t 4 HRS

HI t 5 HRS

HI + 6 HRS

(S-IVB LIfETIME)

LH2 VENT (PROPULSIVE)

LOX VENT (NON PROPULSIVE)

INHIBIT AMBIENT HE DUMP
liMIT LH2 NONPROPULSIVE VENT
IU AND S-IVB LIFETIME PREDICIION

CMC ""I1UDE MANEUVER, PREPARE FOR MCC
t

GROUND MONIIOR

MCC_1 1

P520PIIONAL

P27 STATE VECTOR UPDATE
PAD UPDATE
CMC ATTITUDE MANEUVER, PREPARE FOR MCC t

MCC-2 '"
tN CUTOFF BY GROUND

t ',"

DA TA fOR PTC·. 'S AND REfSMMA T
VENT HIGH PRESSURE SPHERES AND TANKS
(NONPROPULSIVE)
ATTITUDE MANEUVER (CMC)
FTC (DISABLE fCC FRIOR TO END Of S-IYBiIU
LlfEIIM,)

o

(J

• THE NO SLA SEP MCC'S ARE MARKED WITH A DAGGER (') TO AVOID CONfUSING
THEM WITH THE NOMINAL MCC'S

Figure 13- 1. NO SLA SEP Timeline
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13. I. I Translunar Mldcourse Phllesophy

The purpose of the Iranslunar (TI,) mldcourse correcllons (MCCI

during Ihe NO SLA SEP conllngency Is 10 malnlaln the SC as close as prac

Ileal 10 Ihe free- relurn flyby IraJectory. This Is Ihe Ihlrd MCC largellng

mode discussed In Ihe Apollo 13 Iranslunar baseline decumenl. The free

relurn flyby target ob)ecllves arc a water Impact and acceptable entry
conditions.

Several MCCt s are planned during the TL and transearlh (TEl phases

to account {or TLI nlancuver anomalies and MSFN state vector uncertainty.

The 30 MSFN uncertalnlles for TLC are shown in Table 13·1. The nrst

Iwo NO SLA SEP MCCt s (If requlredl al TLI t Z hours and TLI t 6 hours

will be performed with Ihe S-IVB propulsion syslem (LII
Z

and LOX dumps

and APS) in order to conserve 8M ReS propellant lor later Mee's. The

MCC sequence, using S-IVB propellant. is shown in the decision logic

(Figure 13.2). Figure 13·3 shows the Iypical SM ReS MCC cvenl sequence.

This sequence is the same as the sequence normally used, except the

P40/SPS capability is not availal:.!e in the NO SLA SEP case. A typical

free-return trajectory and procedural profile (or the TL MeC and naviga

tion sightings is shown in Figure 13-4.

GETI
·200 HI

GETI
-I I HI GEII

P27 PSlIOPTIONAl) P30
P<l

END PIC ICI CONTROL

l

OPTICI
ON

Figure 13-3. 5M Res MCC Sequence

OPTICI
Off
!EGIN
PTC
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LOI -22:00

TLMCC4
LOI -05:00

I
I
I
\
\

/
TLMCC2
TLI + 28:00

LEGEND

ISEHI - STAR/EARTH HORIZON SIGHTINGS

NOTE: TRAJECTORY PROJECTION IN EARTH iii
EQUATORIAL PLANE. a:;,;.

i@J
+

ALL OTHER NO SLA S!;P ~.c.

MCC'S WILL BE AT NOMINAL''''
TIMES USING SM RCS/"
MANUAL CONTROL"

TLI + 02:00

TLMCCI
TLI + 09:00 /'

50000 N MI--

"-
"-

\
\

,...-~------l
;' \ ,---

~:oo ~,) J - ...................
CSM S-IVB SEP--... I S-IVB" / ....
TLI + 00: 35 / MCC-] ........

15000 N MI- ..... / L S-IVB " ........
~MCC-2 "

____/ TLI + 6 HOURS " .

50000 IN MI ",

I ',15000 N MI

I '/.....
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Figure 13 -4. Typical Free Return Trajectory and Procedural Profile
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Table 13-1. Typical 3~ Uncerlalnty oC MSFN Velocity Measurement
(ReCerence II oC TI, MCC and 1.01 lIasellne Oocumentl

Velocity Uncertainties
Time from TI.l (Cps)

CutoCC (hr) ti(' v* w·
2.00 0.42 1.02 2.85
6.00 0.24 0.81 1.59

10.00 O. 18 0.12 l. 20

15.00 O. 15 0.63 0.96
20.00 O. 12 0.51 0.12
25.00 0.22 0.24 0.69
30.00 O. 09 0.39 O. 54
35.00 0.09 0.36 0.50
40. 00 0.09 0.33 0.45

45.00 O. 07 0.28 0.36
50.00 0.06 0.24 0.32

11·11\·
0.0655.00 0.20 O. 28

60.00** O. 14 0.06 O. 14
65. 00*" O. 15 0.06 0.33

*it is MSFN 30 uncertainty in radial direction.
v is MSFN 30' uncertainty in horizontal direction.
wis MSFN 3, uncertainty in out·ofeplane direction.

'''''' d" ( (h ( .u. v, an ware In moon re erence eart re erence prior to
55 hours).

13.1.2 Discussion of Flo\v Diagram (Figure 13-2)

The following checks and procedures are follovled for the translunar

midcourse and free-return phase of a NO SLA SEP mission contingency.

Nominal periodic aligrunents (P52) to particular REFSM:M:A TIS will be

made. The 8eS drift checks. EMS test. CMC updates, PIPA bias updates,

and block data messages will also be handled in a similar manner as in the

nominal TLC phase.

13-7
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S-IVII Mee-,t and Mee_2 t

Once the NO SLA SEP has been verified, the S-IVB is partially pas

sivated. At approximately TLI {'utofl t I hour, the predicted lU and S-IVB

(electrical) lifetimes ' .... ill be available. With these data and the RTCC

computed MGC-I t ~V, a real-time decision will be made to determine it

the S·IVII can supporl Mee-, t and possibly Mee·2 t , S·IVB propulsion

can be supplied by three sources:

• LII2 dump (boil-oil is fairly rapid; Iherelore, the. LH2
should be used (or Mee-I t II a sizable Mee-2 f l:IoV is
reqUired) • 19 feet per second

• LOX dump (time limited by S-IVII Ii£ctime' - H feet per
second

• Ai'S ullage (time limited by s-Ivn Ii£elime, - 23 {eel per
second

The LII2 dump will be accomplished (or Mee-I t only II the l:IoV
t

available (or MCC-Z (rolll l.oX and APS h less than required. Should

additional ~V he Tt'quircd during MC(;" I t, ~hc priority of prop~llant expen

diture is S·IVII l.oX and Ai'S {ullowed by SM ReS as reqUired, 1£ the L11
2

dump is rcqui:-cd, thrust will 0'1 terminated by the ground. The lU 4V

aCCUll1utation will be used (or thrust termination when the required MeC-) f

~V 15 leu: than Ihe total Ltl l (-ap"bility, othef\dsc A predetcrtllined tank

preS5urc will be userl .:H the (-rilcrl~ (or thrust termination. II the com

bined I.OX an,1 AI'S"'V ,·a!'.hllIly Is ,ufHdenl for MCe'l l • Ihe LI/
2

will

not hl' used (or MCC.I~. 1llc priority o( MCC-l~ propelh.tlt ~xp~nditurc
Is s·JVn LOX dU1I1!, al1<1 AI'S follo\\ed by' SM lleS os required, It it anllc'

Ipall'!1 thilt no .. Ill \\ill he relll"intn~ h~' MCC-Z'.

·1 he ~round II III allow. l.OX ,IUI11p 10' onllnue Ihrough LOX d~pl~lion• •(pull Ihrough) t( necessary', f( l.oX deplellon Is nol necessAry. Ih~ LOX

,lUlllp thrust will Ll' h'rlllitlalc<! b)' thl:' Jtrounrl Illonitoring IU AV A.ccumulAa

tlrJtl, ~OfJllatl)·, to IlIinuh's witt be rcqlllh~d to lonUgure the 1)t1iE't118 (or

(Pull Ihrough Is .1l'l111«1 os Ihe tlI11e al \\hl<h tho propell'hl 'ahk ull.g~ gao
statls l'xh;)ustil1~ throll.llh tilt' l'n~lrll' Ahd thrust Ll'ullllCS unprtdhUblc
(lWo-'llh,uc How,.

(J

C)

()

()

() I

J
--~
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AilS thrusting. The S·lVn APS thrusting will he terminated by the ground

l'nonitoring lU .6.V accumulation.

The crew will maneuver the stack to the thrust attitudt,) using the

CMC SAT OAP to control the S·IVB APS 30 minutes prior to MCC. A CSM

heads-down attitude is established (or better comumnicatiou; after which,

control is returned to the IU to 111aintain the burn attitude. The crew then

enters P47 (or S .. lVD AV monitoring or establishes the SCS rate command

mode with PH (which displays body axis Vg's) (or a SM RCS burn.

}'ollowing MCC.Z f , the predicted S-IVB lifetime, remaining toV. and

available MSFN tracking interval will be used to make a r,~al·timc decision

as to the possibility of a third S-IVIl MCC.

Since Tl.l is perform.cd to m.cct certain lunar target conditions and is

nonrr~c return, minlnHUll AV targeting tl1ay be undesirable (c. g., land

Impact). Table 13· Z ,hows the toV requirements at TLI f 10 hours to

obtain a lunar nyby trajectory and mld·PadUc landing (MI'L) for several

previous mission.. Ffgure 13· 5 shows the MCC toV for fuel critical nyby

l11al1~Uvcr.s required for both a minimum flyby lo MPL and a tllinimum flyby

to any II' (or Apollo 16 (Reference H,I.

Substantially more toV I. required tu achieve an MI'I. than a satls'

(actory entry at an un.pccillcd landing pointl there(ort', the II' .electlon

\vlll be determined by the c1o,e.t body of water. A ,,(e return to ,;arth

frolll both the Mmlnal and dl.persed (tiO feet per .econd) TU state. Is

possible with Ihe S·IVIl atlarhed u.lng SM RCS only (Ffgure 13·6). The

10'(06t per .econd underburn case require. that th" ",anouver be per'

(orllled before 1'1.1 f 30 hours In order to re",aln within SM IICS capability.

Cislunar MCC'. and I'TC

lhe ,equence (or .ub,equent MCC'. Is .hown In 1'Igure 13·\. 11

.hould be noted th.t PH wlll only be used (or monitoring velocity, .nd the

.I.ck will be coni rolled ,n.nually u.lng SM ({(;f,.
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~v AVAILABLE WITH S IVB ATIACHfD:

SM RCS· 79.6 FPS
siva Aps· 23.0 FPS
SlV8l0X-'4.5FPS
siva LH2- 19.1 FPS

20 24 28
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Figure 13-5.. Flyby t>.V Av;illable for Apollo 1& with 5-IVB Attached (Refercmce 4&)
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Following MCC_Z t , passive thermal control (PTC) wll1 be delayed

as long as possible. The IMU will be aligned to the PTC REFSMMAT while

the IU holds attitude, and PTC wll1 be established using CMC SAT nAP and

APS, If available. Passivation of the S·IVB will be completed, and the lU

FCC will be disabled prior to the end of the S-IVB lifetime. MCC·H will

uplink the PTC REFSMMAT and attitude data.

To conserve RCS, the "T" handle (THC) will be used to maneuver to

the PTC attitude. Table 13·3 shows the results of the two cases consld·

ered. tase I (the conservative) assumed maneuvering at 0.5 degree per

second and switching to DAP control when the rates are reduced to

O. 1 degree per second. Case Z, which will be u.ed since It requires Ie ••

propellant, assumes nianeuvers with the "T" handle of O. I degree per sec

ond and .wltchlng over to the DAP at 0.05 degree per .econd. In the

Slacked configuration, a I· second firing with the "T" handle In Y or Z

yield. approximately O. 083-degree per second rate In the respective axl••

A complete cycle, (that Is, .tartlng at some atlllude Initiating PTC, stop

ping PTC, and going to some atlltude)Is shown In Table 13-3.

Entry

The NO SLA SE1' mission tochnlques from the first PTC Initiation to

enlry Interface (EI) are es senllally Mmlnal. At approximately EI - 114,,,

the CSM maMuvers to the nomInal entry attitude In pitch and roll (X-axh

19 degreas below the local horloontal a~d 4S degrees out of plane). At

El - I hour, the docking ring and probe ASsembly (U1H'Al h JeUlsonod
(nominal l>V • 7 i I foot per Hcond). The eM Is then separated with an

Imparted l>V 01 approximately I foot per second. this sequence WAS

selected to Insure sulllclent lateral separation. Noml~al ~nlrY procedures

are then followed.
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Tahle 13- 3. Res Expenditure
>::

U
Propellant Expended Ub)
Case I Case l

MNVR 10 PTC ATT 17.3 3. 1

Damping with DAP 8.3 4. 2

C)Spin-up (or PTC --.!U ....Q,.l

PTe initiate 21.9 8.0

Stop rates I. 2 I. 2
(0.3 deg'see In earh axis'

MNVR to ATT 17. 3 3. 1

Damping with DAP 8. 3 4. 2

Attitude hold (MCC. etc. ) --.Q:....Q --.Q:....Q

PTC stop 30.8 12.9

PTC Initiate 21. 9 ~

Tolal cycle 56. 7 20.9

(4.6% RCS, (1.7~. ReS'
()

f,'I{c(crcncc 49

,

I

}~tJr no" ... thllc·l~rltlc.al cOnlil1~(,l1dC'1 (hIring translunar coast a. block

thla sohHion, at l..Ol111il11.H live hours \\hlch is tc\rlotch:d tu the MPI., Is

available, 1I0\\('\,('r, this 111311('\I\,cr r('qulrts \uh'R tht" SPS and cannot b~

perlurmcd when the onl)' available propcllanl 's the SM ncs. With Ihe sM

ncs JoV IImll 01105 leel pcr sHond altcr Iransposilion and docking, Ihc

lalesl poulble minimum 1I)'by 10 Ihe !III'L ocrurs 37 hours alter T LI (1.01

l11inus .16.S hours'. A I11lnllt\ull1 flyby (I1nl \\atC'r ('ol1Slralntd) II posllblc

as laic as 51 hours aHer ILl lIlelerence 40'. Illlhe eVcnl 01 a posl ILl

1'0 sLA 5.:1' (dis."ued III Sec'lioll 11.1 I. lhe latesl nppMlunilirs lor Ihc

1\\"0 II1lnill\tIlU 11)<oy {'.tIcS Ltcomcs t1,II'1u5 1.7 hours 3lHI tLI plus 43 hour ••
t (' sp('cll\'C' Iy,

()

( )...
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13.3 ABORT PROCEDURES FOLLOWING 51'S FAILURE AT LOI(Pages 15 and 43)

The LOI maneuver transfers the CSM/LM from the nonfree return
translunar trajectory to a 60- by 170-nautical mile lunar orbit (LO).
Since the LOI burn occurS behind the moon. the crew mu.t be able to mon
Itor and evaluate the burn without ground .upport. There are (our contin
gency areas (or LOll

a) G&C

bl Non-SPS related, ECS. EPS. etc.

c) SPS related. su.talned pre ••ure decay, I~w chamberpressure, etc.

d' Inadvertent SPS .hutdown

A O&N-type o( (allure will re.ult In the viola lion o( a preignition attltude
check or a crew takeover o( the burn at the nominal Ignition attltude. For
non-51'S-related (allur.. , the procedure I. to complete the burn and later
...... the .Uuallon wUh MCC-I/. II manual .hutdown Is nece ••ary
becau.e 0( SPS-related problem. or .hould an 51'S .hutdovon occur, an 1.01
abort I. executed. Table 13-4 deline. the LOI abort procedure., and
Figure 13-7 .how. the return-to-earth 1.01 abort hlode., u.lng the I.M
propulsion .y.tenl... a backup to the three abort mode.. I'lgure 13-8 Is
the updated now chart o( the.e technique •• The preferred RE.'SMMAT (or
1.0110 acceptable (or 1.01 aborlS, becau.e the 1.01 maneuver Is e •• entlally
lnplane.

The Mode 1-10-mlnute abort. are paNes controlled at a nxed atlltude
In 1'41 and mu.t be Initiated 10 minute. alter 1.01. which r..ullS In a
crowded IImeline (or the crew. The.e t,,'o condition. make the Mode I

.. .,---.---_.-----,.~_._-----

------------~-~..
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Mude 1 • l hours

2

Tahle 13-4. 1.0] Aborts Modes

5

(J
I) Direct aIJort at 1.01 f l hours

2) Minimum delta V to water

3) 81'S tight limits

41 No LOS

1:)) ~!odc IJcgins at 1.01 ignition

Mode 1 - 30 Illhiulcs

I) Dircd atJOrt at 1.01 t 30 .11inutcs

l) Minilllum (lelia V

3) SPS loose limits

..J' May require Ai'S burn to supplel11ent UPS

51 No LOS

(J) Mode bcgin~ \vllen Mnth' I-I.-hour al)ort delta V l.'x«:cctls UPS della V
avaltahtc

(J

•

~Iocle II

I) Two· hl1put ~c drcutl\lurta r ahort (_)

2) .'irst burn lu\\·crs ha. anfl raise! h to stahllize orbit (may be extended
10 .aU.cy SlIe <onOlralnl., I'

3' .'1..1 burn is racllolly downword 01 1.01 • Z hours

41 Second burn Is bo.lcolly 01'.:1 neor h
\'5' SI'S loo.e IltllH.

6' LOS 01 1i..1 burn t 131040 hou..

7' Mocle begin. when ill'S ,leHo V ovoiloble ...ulltdenl (or 1i..1 ond
8CCOt'lrJ huua

Mode III

II One·ltllpuhe clrctlllllunor ohorl

ZI nurn is h.. it'olly 0 n:llleor h" ()
3, SI'S loo.e IltlllU unlll orhHol perlOfI is leU Ihon ~ 7 houu, Ihon

Ughl II IIII10

4' LOS 01 1.01 • 1.510 B hour.

51 Mode he~ln. when ~Iode II liut hurn h nol requlrell to raise hI' or
recluce period to B houu

( )...

.
~--~~---
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30-mlnute aborts undealrablel therefore, to minimize Ihe possibility of

aborh In thl. region, Mode I 30-mlnule abort. are b..ed on loo.e SPS

limit. which preclude a .ubsequent SPS re.lart.

The SHe lank h.. been changed for Apollo 16 and hae a .Iower

pressure, rise ralellherefore, Ihe requlremenl on Apollo 1510 exlend Ihe

Mode I 30-mlnute DPS tAPS regIon Into Ihe nominal Mode II region Is not

nece.ury for Apollo 16 although the APS may be required to .upplement

Ihi. mode. (On Apollo 15, Ihe coast lime between Iwo burns In conjun<tlon

with the duralion of Ihe firsl DPS burn could cause viola lion of a SHe

pres.ure-rlse conslralnl (Reference 50). )

As discussed L\ Section 4.5, LOI may now be executed up to 2 min

utes lale withoul violating Ihe perilune altitude Iimll o! 5 nautical miles.

However, LOI delays introduce errors in the abort chart (Figure 13-7);

there!ore, a MeC (up 10 70 feel per second) Is scheduled al LOI t 5 hours
to handle these cases I

13.4 TIME FOR RETURN TO EARTH FOLLOWING TIME-CRITICAL
ABORTS FROM LUNAR ORBIT (New Sectlon)

In the event of a time-critical abort {or Apollo 16, the nlinimurn pos

sible return-fa-earth time increases {ronl 43 at 1...01 to 55 hours (post

LOPCZ) because of Ihe SPS propellanl being used Ihrough Ihe stay in hmar

parking orbit. Adding dispersions due to the engine, trajectory. v:eather

avoidance, and MCC maneuvers (500 feet per second) increases these

times to 47 and 63 hours. respectively (Reference 51).

13.5 TRANSEARTH NO-COM1.IUNICATION CONTINGENCY

13. 5. I No- Communication Only (Page ZO)

In the event of comrnunication loss, the crew will use the Return.to.

Earth Program (P37)* (or midcourse maneuver targeting and entry ini

tialization. Ideally, MeC· 5 should only be perCornled if it exceeds 3 feet

per second (to uncertainty); however. since small errors in MCC- 5 do not

propagate into substantial errors at MeC-b, all MeC's will be performed
as conlputed.

•Limitatior.s of the software in Pl7 arc discussed in Section 11.2.

13· ZI
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TO\hle 13· ~ shows a typkat sighting schedule (or the tranlcarth coast

phase. All sets or sl~hting data consist or three marks on each star. The U
slghtings at 1:1· 8 hours correspond to Ihe approximato distance at which

tho single batch or translunar slghtings aro made. JlO\\·cvcr.. should (Onl-

municatlon be lost before EI .. 24 hours (nornlally the state vectors.

MeC.. ? and entry PAD's arc passed at this time). the onboard vehicle

state \...!ctor will he uscd (or P37 return-ta-carth targcttng,U

Table 13-5. T}'pical Sighting Schedule (or Transe.rlh Coast (GMT o(
EI : Febru.ry 9. 1971. 20 hrs, 46 min, 50 sec)
Apollo 14 - J.nu.ry 31. 1971 L.unch D.te (ReCerence 52)

TEl t I

TEl tiS

(TEl t 17 MeC-5)

TEl t 17. 5

TEl + 18

::'Alternate stars

Star Horizon R3

26 (Spic.) MN 00210
22 (Regulus I MF 00220
24 (Gien.h) MN 00210

151 MF 00220
156 MN 00210

212 EF 00120
33 fAntares) EF 00120
40 (Altair) EN 00110
77>:: EF 00120

125':' EF 00120

16 (Procyonl MF 00220
22 (Regulus) MN 00210
50 MF 00220
61" MF 00210

153':' MN 00210

212 EF 00120
33 (Antares) EF 00120
40 (Alt.irl EN 00110

201':' EF 00120
125':' EF 00120
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If TEl is pOrrllllllt'd .11 other than the nominal rcvohltion or with a

J1011 w noll'inal TEe tillle. sollle of the P2} stars in the no· conmmnteatlon

navigat ion sl'hcdllic Illay be ol'l'ultcll hy the carth or nlCon. In this case,

the Cfew will select other stars fron) onhoard charts. The important point

is that the nominal numher nf data hatches at the correct times be obtained.

13.5.2 No .. ComrnuniC'ation and Failed PIllA (Page 53 and New Section)

If communications arc lost in lunar orhit, and an SCS TEl is per.

Cormed llsing block data (Figure 13 .. 9), additional procedures have been

defined to allow the initiation of P23 navigation in the presence of a failure

which disallows nl0nitoring the TEl and subsequent nlancuvcrs (e. g., failed

PIPA in G&N). The follo\'dng prol'cdurcs, which assun1e a valid onboard

preburn vector (last MSFN update at TEl * to hours) and TEl PAD. will be

used in this no-communication TEl/TEe contingency case:

al Following the burn. update the state vector with PAD
.6.V's and TIG time (adjusted (or half of the burntime)
via P77. This is su((icient to cause P23 convergence.

b) Initialize the W-matrix. Use extendcd verb 67 and at
the V06N99 display. load

HI t 30000 (30,000 fcctl

R Z t 00300 (30.0 feet per second)

R 3 + 00003 (cislunar navigation code)

c) Initiate P23

d) Enter 1'\0 COM~I NAY procedures in contingency check
list.

The comparison of the MCC1s of nominal TEl and the SCS TEl given

in Table 13-6 (Reference 53\ show these procedures using P23 data will

result in acceptable entry conditions.

( )
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T E I 6 4 I PURPOSE •
SET SIARS S P S G & N PROP/GUID

t I 1.ItA WI ml
R
AlIGN

___ 0 0 • itA PUIM N4a
p . 0 0 . ItA YUIMAlIGN ___
y t 0 0 2 0 4 HRS OEIIAlIGN.___

t 0 0 0 0 6 MIN NJJ
t 0 3 2 5 0 SEC

UllAGE 4 Jet 13 sec + 3 () I 4 3 AVX NSI

- o 0 4 I 6 AVy

- o 0 3 8 o AVZ
X X X I 8 0

:} lift-offX X X 1 0 3
X X X 0 0 2

Y Refs

t HA N44
, Hp

t , $, AVI

HORIZON!WINDOW_ X X X 81
X ,. AVe
X X X X SXIS
t 0 SF!
t 0 0 UN
X X X ,

8SS
X X SPA
X j( X SXP

OlHER 0 lAT 1'-'61

LONG

• RIGO EMS

• VIO

I GEl 0.05G

Figure 13-9. Typical Maneuver PAD
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'I h }. :.V Cost at Xe).."t

(de") Ups 1 (deg! MCC fo1" y E1"1"or

~ Nominal SGS Nom.inal SGS Xominal SGS :-':-ominal ~

MGG-5 I. 80 7.20 3.680 8.470 2. 10 8.90 7.2 28.8

MCCoo6 0.29 O. ,"J I. 150 2,510 0.34 1.30 0.8 1. '?

MGG·, 0.21 0.54 450 550 C.25 0.69

Entry 0.53 460 560 O. 24 0.68

c:c

.,
Apollo 16 P23 Navigation Accuracy {3-:1 fOT SCS Controlled TElTaulc 13-6.

I""'"--

Reference 53 SCS TEl based on loss of communication in hmar orbit
~ Block data used for TEl burn. and the last 1\rlSFN update at TEl .. 10 hours
N
c-



• 2 5

------------

(

(i
i
i

I
I(

)

13.6 WIIIMuH MS.-II TRtlPKIIIO REQU/Rt;MEIITS '-OR TRANSEARTII
COAST (I/ew Sec lion)

II the eleelrleal power available during the Iransearlh coast phase

has been severely Ihnlled, only a limited amount of MSFN tracking wllt be

accomplished. The (ollowing conclusions are based on the assumption that

pre·MCC-S tracking begins at TEl t IS minutes and pre·MCC.7 tracking

ends at £1 • 4 hours. The conclusions may not be valid If pre.MCC.S

tracking docs not begin within TEl t 1 hour, and it pre-MCC-7 tracking

ends beCore EI .. 5 hours.

a) The minimum tracking time required to support MeC.. 5
is 20 minutes. This 20 nlinutcs should be taken in two
fO-minute tracking arcs separated by 4 hours or enough
time to allow (or a tracking geometry change. The
uncertainty in determining perigee altitude with two
IO-minute arcs separated as described above is less
than SO nautical miles (30).

,
b) Ten minutes of pre-MCC-7 MS.-II tracking data are

enough to determine the return perigee latitude to
within I~ nautical miles provided the tracking is done
no earlier than £1 .. 5 bours. (A single to· minute
error analysis solution was obtained at EI .. t6 bours
(not shovm in results::') and the resulting uncertainty in
perigee altitude was 33.0 nautical nlUes (30),)

c) The absolute minimunl MSFN tracking requirements for
a survival transearth trajectory is 30 nlinutes of tracking
taken in to·minute blocks as described in (a) and (b)
above. However. it is recommended that at least three
to·minute tracking arcs be scheduled prior to MCC-7 if
it is at all possible.

d) It is better to track over two separate short arcs that
represent two tracking geonletries than it is to track
over a much longer arc with a single tracking bcometry.

e) The tracking stations should be chosen so that a maxi ..
mum longitudinal separation exists between the primary
tracker and each of its co-trackers.

:;'Reference 54
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'4. ATTITUDE Rf:t'ERENCE INITIALIZATION TECHNIQUES

The AHltude Refelence InlHallzallon Techniques (Reference III pre

senl Ihe allgnmenl lechnlques and accuracles for Ih. CSM Infllghl, LM

lnOighl. LM lunar surface, CSM/LM docked. and exlernal alignments.

Only one update Is requIred for Apollo 16 and Is given below.

14. I COAS CALIBRATION/FAILED SEXTANT (New Secllon)

A ca!lbrated COAS Is an acceptable subslliute for a failed (froten and

occulted) SXT where utilized properly in direct rendezvous. These (ail.
ures arc defined as follows:

a) Frozen .. either the SXT cannot be moved in shaft and
trunnion or the SXT /CMC interlace has Cailed.

b) Occulted .. optical sighting c.an'lot be made because of
moisture condensation, broken lens, etc.

The best scheme employing the COAS during direct rendezvous involves

VHF ranging only until 6 m.inutcs prior to the end of the tracking interval,

followed by COAS marking. The procedures {or calibrating the COAS when

tr.e C~!C has Cailed are as Cc.llows:

Min DB SCS or G~N (LOAD)

Boresight star in COAS

Record gimbal angles

Add 180 degrees to OGA

1o.faneuver to new attitude (roll)

Record SPA and SXP of star in COAS

Alternate LOS for COAS is

TRUN = 57.48 degrees - SPA/2

SHAFT = -0.6 SXP

The 57. 48-degree value is the angle beh....een the SC X-axis and the SXT

LOS. The SXP angle is multiplied by 0.6 rather than 1/2 to approximate

the effect of the COAS LOS not being exactly aligned with the SC X- axis.

14- I
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L
AEA

ACA

ACRA

ADHA

APPENDIX

NOMt;NCLATUHE

abort electronics assembly

attitude controller assembly

Atlantic continuous recovery area

Atlantic discrete recovery area

AGe automatic gain control

AGS abort guidance system

AK apogee kick

ALT altitude

AOA angle of attack

AOS acquisition of signal

AOT alignnlent optical telescope

l

l

AI'S

ASAP

ASC

ASPO

ATT

AT-Z

AUTO

Az

BSS

BT

CAL

ascent propulsion system

as soon as practical

ascent

Apollo Spacecraft Program OClice

attitude

P57 alignment technique 2

automatic

azimuth angle

bore sight star

burntime

calibration

A-t
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NOMI';NCI./\TUIU; (C,mtinuc<l'

~)
CCIV couritcrclockwisc ....",

COli constant delta height

CIlR C'ollullJ.ndcr

CES ("ontrol electronic system fJ
COU coupling data unit

CIHC circularization burn

CM comrnand module

CMC command module computer
1

CMf' command nlOdule pilot I
I

CO cutof{ j
C/O checkout

ICOl contingency orbit insertion

() •eo/\s crew optical alignment sight i
eSI concentric sequence initiation -' I

1eSM command service nlodulc

eWEA caution and warning electronic assembly !

DAP digital autopilot

DB dead band

DEDA data entry and display assenlbly

DES descent

DET detent or digital event tinler

: ,: DL skip· out drag acceleration (predicted by CMC) ( ). l,
DOl descent orbit insertion

! A-l
( ) 1

t i
- .
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NoMl:NCLA TURl: (Conllnued,

C OPS deacent propulsion system

ORP/\ docking tlng and pto~e Assem~ly

OSI{Y CMc dhplAy And key~oatd

l' l: erAu~le (l:'metnoty) or entet

EOS emetgency detection systetn

Et entty InterlAce

EMP ~rAuble metnoty ptogrAm

EMs ~ntty tnonitotlng system

ENo engine

EPo utth parking or~it

EOt utlh ot~il Intertlon

ESS eUly S·IVb stsging

( l:ST easletn stAndard lime

ET ,I.pted time

EVA e>tltO\-ehlculu Activity

tcc night control conlputet

tOAI filght ditHtot Altitude Indlc.tot

too filght dyn.>mlcs olll,et

tov lield 01 view

O. g Acceleration nl.. tured Ir. Ii (gravity)

OlU guld.nce And novlgAlion

( Ol:T (or g. e,t., ground e"pted time

ol:T1 ground elApsed time 01 Ignition

I L
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I NOMENCLATURE (ConHnuedl

oMT Greenwich meAn time

OMTLo Oreenwlch meAn time of IUt-oll

ONcs csM prlmAt)· guidAnce. nAvigAtion. and control
systen1.

OTC guidance thrust command

oUIO guidAnce

h. II Allllude

h. 1'1 A1t1lude tAlc

ii rAt~ of change of 1'1

MI. o1h chAnge In height or horiton bl..

" a ' hA Allllude of Apogee (or Apolunel
,

IIAM height adjusttl1cnt h13nCUYC t

lie helium

lIosc Hunts .... ille Operations Suppotl Center

lip' hp height 01 perigee or perilune

IcoU inerHal COU gimbal angle.

INc orbit inclination

INCLFR orbit inclination (hee'" retutn)

INs in~cttion

HIU inclHal measurement unit

II> fmp.1d predidor or hnpJ.d point

IV insttull1cnt unit fS .. lVB,

IVT {nhal'chicuta, tU.n!lter

Jell Jettl!on

(J

()

()

()
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NOMENCLATURE (Continued)

j [I
I K' 1,000 Ceet

i

KM kilometer i ,! ,
I!
IKSC Kennedy Space Center
I I

LAT lalltude Ili
LOMK landmark

LEs launch escape system

LET bunch e.scape tower

LEV launch escape ...ehlde

LOC LM guidance computer

LOC/RR LOc and RR Interface

Llll liquId hydrogen

LLS LM landIng Site

l/ LM lunar module

I.MI> lunar module pllol

LMK landmark

Lo lunar otblt ot lilt-oft

L/o IUt-oll

Lol lunar otblt InAetllon

LoNo longitude

Lol'c lunar orbit I>lane change

Los lou 01 signal ot line 01 .Ight

( LOX liquid oxygen

L1'o landing I>Olnt designAtor

J
l A- S
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• ,NOMENCLATURE (Continued'

L)Ll'O Lunar parking orbit

LR landing radar

LIS landing sile

LV launch vehicle (J
LVLII local vertical, local horltontal

Mcc hlldcoursc correction

MCC t No SLA SEl' Mcc

MCC·II Mission Conlrol Center' lIouston

Mrco main luc1 culoll

f,UT Massachusells Instltule 01 Technolog)'

MNVR h\AhcUVcr

MI'I. ,,,ld·Padllc landing

MSc Mahl1ed Space rttghl Cenler ()
MsrN Manned Space rttghl Network

MTO t11c\ttUal take over ot booster sleering by crew

N houn or north

NAV navlgallon

Nnn narroW dead band

ocnu opllcs cnu glt"bal angles

OOA, MOA, loA outet ••nhldl<" and inncr gltnbal angle!

ottll' ave ,hC3(1 \.--Inflo\\."

ORI>l:AI, orbital rale display-earth and lunar ()
l' prog tatH

I'AII data voiced to l: te\,' frotll ground and recorded tot
(uture USc

A"(J
()

i

J
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\ NOMENCLA TURE (Continued)

I ()I P&FS Particle and Fields Satellite

PC perlcynthlon

1'01 powered descent initiation

l' PFP Powered Flight Processor

POA pressure garment assembly

PONCS (PONS) LM primary guidance, navigation, and control
system

PlPA pulse integrating pendulous accelerometer

PLSS portable life support system

PTC passive thermal control

P, Y, R pitch, yaw, roll

Q aerodynamic lo.dlng

It roll glmb.1 angle, range

II .loR delta range

RCS reacllon control system

RDZ rendezvous

i RE.'SMMAT tranoform.lIon m.lrlx from basic ..ference c(>or,ll-
nate Iyotem to CSM It.ble member Inerll.1

I
coord Ina teo

REQD required
I
!

RET 1::1 lime of rotroliro ontry Interface (free f.ll,•
IU;V r~volullon

(,
R.'O rotrollro oUlcer

lUI' range 01 Impact potnt

It I. roll lell

I
I
I II,

A-7,
I
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I NOMENCLATURE (Continued)I
,( )I

i
landing-site position vedorI .!!LS -,

, nn rendezvous radar

I n5l>1' remote site data processing

I 1\50 range safely oUicer (J
.! RTCC Hca.l·Timc Computer Complex

S south

SAT Saturn

5C spacccraCt

5CS stabilization and control systclll

SCT .scanning telescope

Sf:A sun elevation angle

Sf:l. selection

SEI' sep3rallon (J
SIM Sdenlllte Inslrumenlallon Module

SLA spaceerall LM adapter

SM scrvlc::c module

SI'A eOAS nss pilch angle (PAl) datal

SI'S 8crvlcc module propulsion system

SY SlAte v(!dor

SXP eOAS IJSS X'posillon (PAl) datal

SXT scxta.nt

s·le IIrst stage 01 Saturn launch vehicle ()
S·II secend stage 01 Saturn launch vehicle

S·IYIJ third slage 01 Saturn launch vehicle

I
I ()I A·~ ,

I
I
I
II
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AT

T±24

TB

IB

TO

TO&E

TE

TEl

Iff' TFF

THC

tlg, TlO

TOT

TL

TLC

'I'Ll

Tl'l'

1'1'1

TI'MR/I\I\

TRK

TI\UN

V

V

NOMENCLA TURE (Continued)

time or nominal time of launch

delta time

T plus or minus 24 hours

time base

burn duration

touchdoWn

transposition, docking, and LM extraction

Iransearth

Iransearth Injection

estlmaled time of free Call from the current position
10 an altitude of 300,000 feel

translational hand controUer

time oC Ignition

largel

lran.lunar

translunar coul

translunar Injection

lermlnalphue Unal

lermlnal phase Initiation

lape meler/rendetvous radar InlerCate

I racking

Irunnlon

verb

veloclly

I,
I

! .,-~.. _._------
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NOMENCLATURE (Continued'

I:lV velocity increment (J
.l.ViNS delta velocity at insertion

va, VaO• Vg velocity to be gained

VHF LM-CSM voice communication and ranging device (J
VHF/CMC VHF /CMC InlerCace

VHF/EMS VHF/EMS InterCace

VI Inertial velocity (DSKY display)

won wide dead band

y yaw

0 standard deviation

¢ latllude

\ longltude

~ angle ()
V IIlght palh anl:!e

( )

A·IO
()
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