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,FQRli:WORD
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Tbl.. CO,nUngency Procedures Mission Technique. Doc'
ument Is o"e of .everal documenll describing the H·2 mh­
slon .lAIlOllo 1,~I. The ,othe.. are as .follow..

I Launch Abort.

I Earth Parking Orbit and Tranelurlar
Injection

'I Tranelunar Mldcour.. Corrections and
Lunar Orbit In.erllon

I Lunar De'cent

I 001 cent Abort and Sub.equent Rende.vou.

I Lunar Surflce

I Manual A'cent

I Powerld A.eent

I Lunar Orbit Actlviliu

I Trann..th InJection, Mldcou..e
Conecllona, and li:ntry

I Tracking Data Selection Controll...
Procedure.

Theu documen" contain the oftlclallyapproved guld.
anct and controlnlluence 01 evenU, the data flow, and real.
time dechlon logic lor the H·2 hilillon, The purpoae 01

theu documenU II to In.ure compatibility 01 all related MSC
and .upportlng contractor actlvltlea,

For each million phaae, a DUa Priority Working Oroup
haa been ..tabll.hed under the direction QI Chief, Apollo OUa
Priority Coordination, ASPO. Th... sroup., whlch ..e com'
prlled 01 repreaentatlvea 1)/ MSC and .upporl contracto.. ,
hold Irelluenl meeting. to coordinate th.lr varlou. allocl.
&led actlvltlea and develop agreed upo~ million technilluea,
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FOREWORD (Continued

TRW autoto In the development of the technique. and docu­

ment. them for ASPO. After formal review by ASPO. E&DD.
FCOD, FOD, GAC, MDC, MIT, NR, and TRW. a document
.uch a. thlo one 10 luued.

Thi. 10 the final Illue 01 the Contingency Procedure.
Technlqu.. Document. The mlulon dependent data IImlto

and trajectory parameter valu.. are applicable to the H· 2
mllllonl the .equence 01 event., data flow, and declolonloglc

are applicable to the H· 2" and .uboequent Apo119 million••
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FOREWORD (Continued

TRW aulsll In the development of the techniques and docu­
menll them (orASPO. Aftedormal revlewbyASPO, E&DD,
FCOD, FOD, GAC, MDC, MIT, NR, and TRW, a document
such u this one Is luued.

This Is the (Inal luue of the Contingency Procedures
Techniques Document. The mlulon dependent data IImlll

and trajectory parameter valuu are applicable to the H. Z

mlulonlthe eequence of event., data flow, atld decldon logic

are applicable to th. HoZ'and .ub.equent Apoll~ mlulon••
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,NOMENCLATURE
(

AI'S atcent propulsion system

ASAP at soon as pracUcable ,
I

BMAO body mounted attitude gyro .' I

I
CDR Crew Comman>!er I. CLA contingency. landing area

ICM command module
I
I
iCMC Command Module Computer

CMP Command Module Pilot

CO cutoll

COl contingency or.blt hsutlon

. CSM· . command ..rvlce module

DEDA data entry and dhplay auembly

( ) DET digital event timer

DPS ducent propul.lon 'Yltem

OSKY CM dhplay and keyboard

DVM delta velocity magnitude

ECS environmental conlrol .yllem

EI entry Interlace

EMS entry monitoring .y.tem

E1'O earlh parking orbit

EPS eleUrlnl power .y.tem

EBS early s·IVa IIlglng

FOAl IIIghl dlreetor ItUtude Indlellor
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NOMENCLATURE (Continued)

ODC

g. e.t.

OETI

OMT

ONCS

O&N

HP.

IMU

IU

KSC

LET

LM

LLOS

LO

LOI

LV

MCC

MCC-"

guidance display coupler

ground elapaed time

ground elapled time of Ignition

Oreenwlch mean time

CSM primary guidance. navigation, and control
.y.tem

guidance and navigation .y.tel.'

rate of change In altitude (meaoured In feet
per .econd)

Ker.lotlan apogee altllude (meaoured In Mullcal
ml ee above. a .pherlcal reference body-earth of
pad radlu. or l)'Ioon)

Ker.lorlan perigee allllude (meaoured In naullcal
ml ee above a .pherlca! reference body-earlh
of pad radlu. or moon)

hour

Inerllal meaourlng unit

Salurn launch vehicle Instrumenl unit

Kennedy Space Cenler

launch eHape lower

lunar module

landmark line 01 .Ight

1111-011

lunar orhll Inurllon

launch ve:,(c1e

mldcouue correction

Mlulon Conlrol Cenler - 1I0uilon
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( NOMIl:NC;L~TURE (Conllnued)'

MIN minute . ~ / ;

MPL Mid Pacific Landing Area

MSFN Manned Space Flight Nety/otJ<

PC petlcynthlan

PONCS LM primary guidance, navigat'ion, and control sy.tem

PLA planned landing area

PTC paaolve thermal control

RCS reaction control system

REFSMMAT transformation matrix (rom earth centered inertial
reference to stable member inertial coordinates

RTCC Real-Time Co";puter Complex

RTEAP return-to·earth abort processor

I ( )
SC spacecraft

I

I SCS stabilization contre! system

I S-IC Saturn. V lirst stage boosterI
I S-Il Saturn V second stage booster
I

S-IVB Saturn V third stage booster

I SPS service module propulsion system

SXT sextantI

J
t B burn duration

TD&E transposition, docking, and LM extraction!,
I TE transearth,,
I U;C transearth coast
I
r TEl transearth injectioni,
I

('I,..
xiii
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NOMENC LATUR E (Conllnued)
)

THC lran.lallonal hand controller --
TIG lime of Ignillon,

TLC tran'Junar coa••

TLI lranllunar Injecllon

Vor VI l'1erllal veloclly

AV, AVM velocity Increment
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I. INTRODUCTION

The H·Z (Apollo 131 hybrid million proClle, targeted lor the Fra

Mauro landing lite, conliltl 01 the lollowlngl

al Launch and boOlt to earth parking orbit (EPO) II April
with other launc.h opportunltlel 10 and lZ May; the con­
IIguration 10 AS·50S-LV/CSM-IQ9/LM.7.

I Daylight launch Irom KSC Launch Complex on a
variable m,;ht azimuth 01 7Z to 96 degreel
dependent on launch time

I S-IVB/IU/CSM/LM Inserted Into a nominal
IOO-nautical mile circular EPO after comple­
tion of S·IC, s-n, and partial S-IVB stage
burns

I

I
i

I
i

I
I
I
I

)
I

{

I

(

()

bl Coast In EPO lor two or three orbits during which time
launch vehicle (INI and SC systems checkout wll1take
place .

cl Transiunar Injection (TLlI

• S~IVB engine restarted o"'er the Pacific Ocean
during either the second or third orbits (first
and second· injection opportunities, respectively)

• S-lvB/lU/CSM/LM Injected into a free-return
translWlat trajectory

dl Translunar coast (TLCI

• CSM separation from S-IVB/IU/LM

• CSM transposition and docking (T&D) with the
LM

• i'M extraction and CSM/LM separation from
S-IVB

• S-IVB evasiv,e maneuver followed by dum=.? of
residual propellants to achieve slingshot

*The S-IVB slingshot consists of placing the S-IVB on a close approach
lunar trajectory; whereby. the S-IVB stage is nominally transferred to a
solar orbit.

I

I
I



• SPS b"rn to tranofer CSM/LMto a hybrid
trajectory

• Mldco"rle correctlono (MCC'.) executed
ao required

e) Lunar phaoe

• Service module Pll>puhlon oyotem (SPS) burn
to tranoter the CSM/LM to a 60· by ItO-nautical
mile lunar orbit (LOlli after two orblto, a
oecood SPS retrograde burn produceo an B.by
60.nautlcal mile orbit (0011.

• After approximately II orblto, tho CSM and LM
oeparate, and the CSM performo on SPS burn to
attain a 60·nautlcal mile clrew.. orbit.

• During lunar orbit 14, the LM deocendo to the
lunar surface, and subsequent to the lunar sur­
face actlvltleo, aocends (orbit 311 and rendez·
vous with the CSM (orbit 33).

• Following approximately 46 orbita, an SPS posi­
grade burn to transfer the CSM to a transearth
trajectory (TEl) 10 executed.

f) Transearth coast

• Midcourse corrections executed as required

s) Earth entry

This document defines trajectory and systems monitoring techniques

and resultant contingency procedure~ (exc1udin$ alternate mission possibil­

ities and undocked lunar activities) which involve real-time decisions by

the crew and ground (MeC-H) during the mission. Figure 1 presents an

overall view of the contingency procedure options, and a contingency pro­

cedures timeline is presented in Figure l. The contingency procedure

modes shown in Figure 2 read vertically down in their order of priority

(i. e., the top contingency mode is the one which would be executed before

considering the next lower mode, etc.). In addition, those contingency

modes shown on the san~e level for different mission phases are assumed

to be approximately equal in likelihood of ever being required.

z

)

)

1
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The monitoring technlquel and contlngen~y procedure option. are
preunted In 1I0w charto which depict the llcee..ary creW and COrrelpond­
Ing Mlulon Control Center-Hou.ton ("lCC-H) real-time decl.lon.. The
contingency procedurel contained Illthele 1I0w chartl are based On

Referencel I through 8. Detailed dl.cu..lonl of thele procedure I are pre­
sented In Secllonl 2 through 7 of thll document. Launch ph..e contingency
procedur.. are pr..ented In the MI..lon H-2 and Subs.quent Launch Ph..e'
Aborts doc,ument (Reference I) and 10 are not dlscu..ed In detail herein.
The e~rth entry phase .hown In Figure 2 II not discussed In this report.
A detailed account 10 given In Reference 9.

3
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2. .LAUNCH PHASE CONTINGENCY PROCEDURES

Launch phue conllngenclel coni lit of launch abort' and' conllngency

orbit Inlerllon (COil man"uve... The Inilialion ,of a conllngency maneuver

10 determined from Ipeclflc dhplayl which are monitored by the ground
and crew throughout the launch ph .

al Mode I abort I ·utlll the launch elcape tower (LETI
to remove the CM from the LV. Mode I aborto are
pOlilble from jUlt prior to lift-off until the LET 10
jetUloned (nominally 3 minutes 20 lecondl g. e. t.).
Mode I abort I may be Initiated automatically by the
emergency detection Iyltem or manually.

b) Mode II abortl which employ a full-11ft entry profile
Into the Atlantic Continuous Recovery Area. These
aborta are nominally po..lble from LET jelUson until
about 10 minute a 2 seconds g. e. t. (Full-11ft down­
range landing distance equals 3200 nautical miles).

c) Mode III abortl which employ an SPS retro burn fol­
lowed by an approximate half-11ft entry profile Into
the Atlantic Discrete Recovery Area. These aborts
are nominally possible at any time alter the mode II
region until" EPO inl!lertion.

The COl model conllst of:

a) Manual takeover which permits the crew to fly the
booster to the desired orbit. Takeover is possible
any time that an IU platform failure is indicated by
the LV guidance light.

b) Early S-II/S-IVB staging (ESS) which may be aCCOm­
plished any time that the S-IVB plus SPS Is capable of
completing insertion into the nominal or a contingency
orbit. This maneuver will be executed if 5-11 maUl,IDe­
tions do not permit continued S-U powered flight. The
earliest· that ESS could occur is 5 minutes 45 seconds
g. e. t. when the s~ IVB plus SPS is capable of achieving
a contingency orbit. At 6 minutes 35 seconds g. e. t,••
the S-IVB is capable of achieving nominal insertion.

c) Mode IV which permits the crew to fly Ihe CSM Inlo a
safe orbit (hp " 75 nautical mll.s). This SPS posl­
grade maneuver can nominally be executed at any time
after 9 minutes 1 second g. e. t .• until EPO insertion.

s

I
I
i
I
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I . ~ ....... ..J



dl Apogee I<lcl< mode (AK) which utilize. a po.lgrade SPS
burn at apogee to nlte perigee altitude to 7S naullcal
mllot.

The COl malleuvero are prime whenever the capability Cor .lhelr exe­
cullon exltt.. Figure' detoribot lhe avallablllty oC each abort mode and
contingency maneuver. A detailed dlscunlon oC thete abort and COl pro­
«dures and monllorlng technique. may be Cou!,d In ReCerence I.

)
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3. EPO CONTINOENCY PROCEDURES

EPO contingency procedure. con.1I1 of monllorlng critical SC .y•.
lem. andlho.. LV .y.lem. required for TLiln order 10 delermlne whether

or not to proceed with the TLI pha.e•. In the. event TLI II no go. lhe fol.
lowing alternative. are available:

.

(J

a)

b)

E"ecutlon of polentlal allernate mlulon

Premalure earlh entry at .ome time during EPO.
Depencllng 0" the time criticality of the malfunction
which preclude. T L1, the entry could be required
Immediately or within a time frame .ufflclent 10
land In a planned recovery area. Detailed retro.
fire and entry procedure. aro pre.onted In
Reference 10 for the C·prlme (earth orbit) 0, F.
ancl 0 mlulon.. In the event of a critical SPS
failure Or unusable SPS propulsion .ystom, the
reaction control .y.tem (RCS) propulsion system
ca.n be employed as a backup deol'~it technique.

•

7
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4. TLl THROUGH TD&E GONTINGENCi PROCEDURES

The TLl burn Injetl' Ihe S.IV8/IU/CSM/LM onlo a (roo'relurn

Irandunar Irajetlory, nominally, on the ,«ond EPO revolullon•.

Conllngenty sludle, have ,hown Ihal I( the T Ll burn II tompleled wilhln

e,labU,hed allilude and allilude ·rale lim II" allernale mloslon tapabllille,

are enhanted wllhoul eOOangerlng the trew. Sinte Ihere II lillie poosibillly·

o( a talallrophlt CS.M (allure Ihal would require an Immedlale S·IVB engine

,huldown (ollowed by a IIme·trllital aboll. any detl'lon 10 relurn 10 earlh

because 01 degrading spacecraft sYltems performance can be made more

reliably after TLl wilh MCC·H supporl. Consequently, a detlslo" has been

made 10 no longer ton81der Ihe IO'ml~ute abort mode (ReCerente II).

!
I

I
I
I
I
I

i

(

()

Because MSFN tracking is not. always available during TLI, the crew

must be able to monitor and evaluate TLI without ground support.

Translunar injection burn monitoring procedures are presented in Figure 4

where primary and backup monitoring techniques and limits are defined.

(Detailed information is provided in References 2 and 5.) Onboard tabular

data are provided. similar to that shown in Ta.ble I, to monitor the burn

(Reference 12.). These data consist of pad-;.,oeferenced pitch-and yaw-gimbal

angles. inertial velocity. and altituti~ and altitude :tate as functions of time

from TLI ignition. If during the burn the attitude deviates more than

± 45 degrees from the nominal gimbal angles shown on the crew chart. the

crew will manually shutdown the S-IVB engine. Manual shutdown wi1~ also

occur if attitude rates greater than::f::: 10 degrees per second are experi­

enced. Criteria are also defined for an altitude check prior to TLI ignition

and for manual shutdown at injection if no~ninal cutoff docs n,ot occur

(Figure 4).

The foregoing discussion is related to S~IVB problems and does not

require an abort. The TLI plus 90 mlnute and lift-off plus 8-hour abort

modes prOVide lor return to earth should spacecraft systems problems be

identified during the TLI burn or post TLI through TD&Eo Therefore. the

contingency procedures applicable from TLI ignition through TD&E are:

9

I
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, ..



......-- ,- , - .., ".., e 4"'''-..S~,,''''-•••••s £..- ..e-

bl

cl

a) Crew lakeover and manual eompletlon 01 Ihe TLI burn
If LV Qulde Light tight.; or If altitude or attitude rale
Itmlt. are exeeeded. manual .huldown 01 s·lva engine.
An allernale mlulon would re.ull lor a premalure
manual s-Iva .huldown,

TLI plu. 90-mlnute aborl mode; relurn 10 earlh beeau.e
01 .paeeeralt .y.lem. problems Idontllled during TLI or
alter TLllhrough TLI pl•• 2S mlr.ut".. ~eturn .olutlon
I. b..ed on onboard bloek dala (providel nut gue.. lor
P371 If no-vol.. or MCC·H with eommunleatlon••

Lilt-off plu. g·hour aborl mode; return 10 earth beeau.e
of .paeeeraft .y.tem. !,roblem. or 10.. 01 eommunleatlons
during period from TLl plu. 2S minute. Ihrough TD&E.

A failure of Ihe IU does not rule oul 'fLi. An ST-124 Inertial plat­

(orm located in the IU is used as the inertial attitude reference during the

'fLi burn. The outputs from the platform are monilored by the launeh vehl­

ele digilal eomputer (LVDC) and are tested for reasonablenes ••

Successive failures of the reasonableness test will cause the LVDC to issue

Ihe last commands repellliously 10 Ihe end of 'fL!. The LV Quide Lighl in

the CSM will aho light. Should this ,Ught cor~le on prior to TU. the crew

will flip lhe IU/CMC switch to lhe CMC position and begin preparations for

manual completion of the TLI burn. This is accomplished by torquing the

flight director attitude indicator (FDAI-l in ORDEAL mode) at a constant

pitch rate representative of the nominal TLI guided maneuver. The crew

then manually maintains constant pitch and yaw angles with respect to the

torqUing attitude indic:.~tor. The burn is monitored with FDAl .. Z and eM

display and keybo'lrd (JX~Y) outputs with manual shutdown based on data

prOVided in the pre-TLI pad message (Table 2). More detailed procedures

are presented in Table 3 (Reference 12~. If the light comes on during the

TLI burn. lhe crew will flip lhe IU/CMC switch to lhe CMC position and

takeover and manually complete the remaining portion of the burn.

It is possible for the lU to fail and the LV Guide Light to remain

dark. Just prior to TLI ignition, this would be detected by the preignition

burn attitude check. and TLI ignition would be inhibited. If this happens

during TL~. and FDAI indicated attitudes or rates exceed specified limits,

the S-IVB will be shutdown manually. An alternate mission will then be

determined in real time.

10
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J; The TJ,I plu. 90·mlnute abort mode h d.. lgned to return the .p....

craft to a cOllllndellcy laridlng area, with a return fJIghtlime of"18 houri or
Ie... An evaluatIon of .pacecra!t .y.tem. I. made after TLland a

go/no·go dechlon h made at TLI plu. Z5 minute. a. to whether Or not an

abort will be execut,ed. If an aborl maneuver h required, MCC.H trani­

mit. a .olullon (If requIred) at 'I'Ll plu. 60 minute. that update. the pre­

TLI block data .olutlon (Table "). If communication with MCC-H II not

po..lble, the pre-TLI block data .olutlon will be u.ed a. first gue.. Input

to the. Return-to-Earth Targeting Program (P37). The following abort

Bequence h 1!,ltlated at TLl pluB Z5 minute. by turning the THe counter­
c10ckwiBe (Reference 13).

Digital Event Timer (DET)
(hl':mln:sec)

I
I

00:00:00

00:00:03

00:00: 13

00:01 :00

00:01 :08

01:05:00
(Equivalent Inlpulsive, TIG)

The translational hand controller
(THC) Is turned counterclockwise,
Initialing CSM/S-IVB Bep.r.lion. The
lour tX RCS jets are turned on.

CSM/s-IVB separation occurs.

The four tX RCS lets are turned off.
and the crew beginB pilching up (tX
down) to -r (down the radius vectorf
using the earth as the visual refer­
ence to determine -I'.

The lour -x RCS jets ara turned on to
initiate an evas ive maneuv"J' to pro ...
vide clearance between the CSM and
S-IVB for the abort maneuver.

The lour -X ReS jets are turned of(
and the crew begins maneuvering to
abort maneuver thrusting attitude.

SPS ignition (fixed inertial attitune
reho burn)

I

I
!

I
\

Detailed TLI plus 90-minute procedures are presented in Figure S.

II



In Ihe evonl Ihal voice communlcallon. are 10.1 arter TLI plue

25 mlnule. and TJ»E cannol be accompllehed. Ihe crew will prepare 10

execule a IIft-olf plu. 8-hour aborl maneuv.r. Thl. maneuver II execuled
following Ihe nominal CSM eeparallon eequence and reeulte In a relurn 10

a contingency landing area. A P37 .olutlon (Table 5) II paned 10 Ihe crew
during EPO (anumlng a nominal TLI burn) and. If required. I. updaled by

MCC-H al TLI plue 60 mlnulee. In any evenl. Ihe Iran.milled eolutlon Ie

used ae a firel gue.. 10 recompule Ihe .olutlon utlng P37.

12

)
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S. TLC CONTINGENCY PROCEDURF..5

!litis det.rmln.d by MCC-H and th. cr.w that an abort maneuv.r
ehould b. p.rlorm.d during TV:;., MCC -H will provld. th. eolullon and
ep.tlly th. configuration and propublon eyet.m to b. ueed. B.caue. a
numb.r ol opllone are avallabl •• a r.at-tlnt. a.....m.nt olth. contlng.ncy
eltuatlon Is r.qulr.d to eet.tlth. b.et r.turn mod. lor th. particular eltu­
atlon. SullIcI.nt tim••xlsU to make an .valuatlon elnc. long r.turn trip
times are unavoldabl.. Nominally. th. maneuv.r will b. p.rform.d In th•
•xt.rnal AV mode. although It could be .x.culed In the tlablllzalion control
eyet.m (SCS) auto mode In th. CSM or a manual mode In the LM.

Po..lble r.turn optlonl. U IhoWn In l'lgure 2. arel

a) Lunar flyby targeted to the Mid Paclllc Landing Ar.a(MPL) or the prime contingency landIng area (CLA)with perlcynlhlan ailltude b.tween 60 and ISOO naull­<al mil.. (Relerence 14). and perlormed at LOt mlnueS houre ,(opllon generally u..t1ln a non.. tfme criticalIltuatlon).

Perleynthlan punge plul 2-hour abort largeted toany CLA. (thl_ option 11 generally uled to perlornt adoeked abort maneuver alter 60 hOUri g. e. t. to pro­vide a mInimum, lime return. 'the entry velocity eon­Uralnt ol H. SOO leet p.r _.eond d.lInel the mInimumr.turn tim.).

e) DIrect return targ.t.d to a CLA (option provldel amlnlmunt return time lor aborll Inlllated prior to 60houre g. e. t.)

Dluet r.turn_ will ulually be perlormed undoeked, whll. elrcum­
lunar return_ will Include the LM.

I)urlng tranalunar eout, MCC-H will perlodleally provIde block data
abort _olutlon_ 10 Ihe crew lor ute _hould comtnunlcatlohl In both the CSM
and LM be loll. SInce thll IItuatlon 11 _omewhat remote. a tnlnltnum
nutnber 01 lolutlon_ are provIded, and where pollible, a mInImum amouM
ol dala are Iranltnllted u Ihown In table 6. While oUlllde ollhe lunar
Iphere of Inrtuen:t, where 1'37 can be ueed 10 totnpute dlted returne,



only first gue .. Information Is pro...lded (TableS). Inside the .phere
prior to LOI. two block data .olutlons (Table 4) are pro...lded. A••hown
In Table 6. they are I

a) A non-time crlllcal. lunar flyby .olutlon targeted to a
prime CLA and executed at LOI mlnu. 5 hours.

b) A lut return .olutlon targeted to a CLA and executed
at perlcynthlan passage plu. 2 hours.

Figure 6 .how. the TLC abort preeedur...

SPS and docked OPS abort burn monitoring procedure. are d..crlbed
In Flgur.. 7 and 8. r ..pectl....ly.·

For dlr.ct return abort. with the CSM alone. the LM .eparatl~" pro­
cedure h u follow'l

a) Orient the CSM +X ald. 180 degre.. away lrom the
abort direction (+X AXle up the radlu ....eetor).

b) ~xecute LM lettl.on lndperlorm CSM -X ReS tran.­
latlon for a lIet uparatlon ...eloclty 01 .. 0 loot per
le~ot\d,

c) Cout lor 10 tnlnut... orient to the abort attitude.

d) Perform Ihe 51'S abort maneU...er.

)

)
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6. LOI AND LUNAR ORBIT CONTINGENCY PROCEDURES

(

The LOI maneuver translers the CSM/LM from the non-lree return

translunar trajeetory to a 60. by 110-nautled mile lunar orbll (LOI) and

alter approximately two revolutions, a s..ond SPS burn (001) produees an

8· by 60-nautled mtle lunar orbll. (The eontlngeney proeedures relating

to the 001 burn are not dlseuued herein but are detailed In Relerenee IS.)

Sinee the LOI burn o«urs behind the moon, the trew must be able to mon­
1I0r and evaluate the burn wIthout ground JUilport. i'lgure 7 dellnes the
real-time dedslon loglo lor use In monllorlng the Sl'S, O&N, and trltleal

spaee<utt syt/ems. In addlllon, 1I detlnes the manual Sl'S shutdown log Ie
when a eontlngeney Is Identltled by the monllorlng pneedures. Theburn

monllorlng proeedures ate similar to those lor TLlln that the vrlme
objedlve Is to eomplete the LOI burn so long as attllude and attllude rate

IImlls are not vIolated. The attllude And attllude rate And Sl'S .hutdown
monitoring rationale Is dheuued In detail In Relereneu 3 and 16. Tbe
SPS .y.tem monItorIng portion Is pre..nted to Indleate wben LO! aborlo
(alld TEl Aborll dlseulled In Seotlon 71 would be InItialed. Oenerally, the
burn monllorlng logle Is Applleable tor all mAjor SpS burn. In<ludlng var­

lou. SPS abort maneuve .. wbleb IrtAy o«ur durIng Tl.O or TEO.

rour pOlilble tontlngeney areu bave been Idutllied tor all SpS

burll'

A) Ouldanee all<! tonlroll pl&ltorm mlullgnmeht. drltt,
ett.

h)

t)

d)

I
I
I

( I
~.

Non-Sf'S relatedl ECS, EPS, elt.

SPS reliledl ,ullilned pru.ure deuy, low tbunber
preliUtO, luge ptOliure dlltetOhtl&l belween tuel
1M oxldlur Ilhk., elt,

Iftldvetlent SPS .buldown, III tontlngenelel wblob un
b. Mehtltled wllb an SPS tillure bow.ver remole,

It O&N problem. ruullin violltlon 01 Ihe prelgnlllon lttltude <I.Hk

LOlli hO gOI It &llllude or &llliude rale IImlli 110 degreel lnd 10 degreel
per 'HOM. reipHtlvely, ududlhg .lullrIUlehll) ue vlol&led during

IS



the burn, crew takeover and compl_tlon 01 the "urn (at the nomlnallgnltlon
altitude) to accomplished under SCS control (Figure 7).

For non-SPS related problems that might develop during LOt, the
procedure to to complete the burn and, alter establishing contact with
"ICC -H, Jointly asse.. the situation.

Manual shutdown lor SPS related problems (Relerence 17) would
occur during the lirat lOS seconds or the I..t 128 seconds 01 the LOt burn
It SPS operating limit. that permit a .ub.e'luent burn (light Ihnite) are
exceeded. Between lOS aecond. and 22g .econd., manual .hutdown would
occur only lithe SPS operating Ihnit. thAt do not permit a .ub.equent burn
(Ioo.e Ihnit.) are exceeded. Tight and loose limits are dellned by the mis­
lion rulea .. ,

Tight Lhnit.

• Lo.. 01 oneON2 tank preuure (leu than \SOO p.la)
a..oclated with a decay In the other

• I>ella pre..ure between luel and oxldlfer greater than
20 p.la (conlltmed by low chamber preuure)

• SPS propellant lank preuure leu than 160 p.la (con­
lIrmed by low chAmber preuure)

• ChAmber preuure leu thAn 80 p.IA or dO-uy 01
10 p.la during burn

• Any ball valvea thAt lall to open or eto.. prematurely
(verily by shulling good tank oil)

1.00.. Llan!!!

• ChAmber preuure leu than 70 p.la

• propellAnt lAnk puuure leu than lIS p.IA (conllrMed
by chAMber preuure) •

• Phy.lologlcal IndiCAtion 01 probleltll

llmanual .huldown Ia neceuuy, an LOt abort wl\l be executed.

16

J

)

)



•
3 • L U Q a c: 2 " & e

r
,

I

Should an Inadvertent SPS shutdown occur. a restart will be
attempted. It unsuccessful, an LOI abort will be e"ecuted,

Return-to·earth abort procedures, using ,LM propulsion as a backup
t~ the SPS, are shown In the LOI Abort l'low Chart (ngure 81 and are
summarized In the following table.

LOI·I &loItl'l
tUn' ofo.J'tU611. Abott PtopytUOtl N..mtlu of OIN SOdei 01 '-.thlta 'atllUoftUeel Mod. SrUttn &lItti' lli!t. SO!JaUOA ~ -l!!!Lo• 101 I CPS PONCS Mee.» MPL LOllON .1.4

IDS· HO II CPS IUPONCS Mee·» .. LOtION.I.OIrul I>ONC$ MCe·» MPL IltCe OttJ

110 .. ttl' III CPS PONCS MCe.» MPL uee OUI

Modes I, II. and III are the slandard LOI abort modest

al Mode I - A slngle-Impuhe, return-to- earth mAneu­
ver normally executed 2 hOUri After Apre­
mature LOI shutdown, The preabort, mOon­
Hntered orbit II hyperbolic.

bl Mode 11 - A two-Impuhe mAneuver with the flrlt exe­
culed 2 hOUri alter a premature LOI .hut­
dOwn, 10 provide a liable lunar orbit with a
perlcynthlan ailltude of at leall 40 nAutical
miles. The lecond maneuver OCCUtl ,ome
IS to 40 hOUri IUer and Inject. the 'paH­
craft on return trajectory.

cl Mode III - A .Ingle-Impuhe, return-to-earth maneu­
ver executed .6me 2 to IS hOUri alter a pre­
Mature LOI .hutd,wn. The preabort orbit It
a liable lunar elllple.

I

"It re~ulred lor circumlunar aborll, an SI'S burn will be executed to ralte
perlcynthlan altitude to U leut 40 nAutical mllll, Aho, the return maneu­
ver will be targeted to a r.lA where polilble. At minimum, return. will
be conllralned to wattt landing.,

··C6rreetlve maneuver. Real-Time Con,puter Complex (II.TCCI.pecllled
loY targeted dOWn the radlu. veetor to produce a .table lunar orbit with
perlcynthlan altitude l40 nautical mllll,
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In addition to the more familiar mode I, II, and III abort modes,
Reference 18 des<rlbes additional abort modes which may, for. certain
trajedorles, be required to provide continuous abort capability during
LOI.

Burn monllorlng procedures for docked DPS abort burns under
PONeS control are presenled In Figure 9. Similar Informallon for manu- .
ally executed DPS and APS docked maneuvers Is presenled In Figure 10.

Just prior to LOI aM ,luring lunar orbit (beCore LM separation and
after renduvous), Mee-» wlU periodically provIde block data solutions
(premature TEl solutions) 10 Ihe crew should com.munltatlon.s In both the
eSM and LM be 10Sl. Since this slluatlon Is extremely remote, a mini­
mum amount oC data are transmitted as shown In Table 6. The <rew uses
Ihe aborlmeaaage pad lhOwn In Table 4 to record Ihue block dala solu­
tions which would be used only IC communications with MOC·» were loll.

Separation procedures for Jettisoning either the lotal LM or LM
ucenl Itage during lunar orbit arel

a) Orlenl the CSM fX -axis along the poslgrade local
horltonlal

J

)

bl

cl

PerCorm LM jeUllon

PerCorm CSM ·X translation rtlrograde for a net
velocity Incremenl oC 1,0 Coot per ucond

Cout Cor atieul 30 mlnules (preCerably I hourI to TEl

Execute Ttl

When Ihe LM II reUlned alter a mode I, II. Or 11/ aborl, Ihe LM II
JeUlsoned during TEO prior 10 3 hOUri beCore ruching enlry InlerCace,
ullng Ihe Collowlng technique I

a)

bl

cl

dl

Orlehllhe OSM fX a,,1s along the pOllgude lotal horl·
10nUI (earth reCerencel

Pertorm CSM fX RCS tuulallon pOllgrade 10 largel
tOr a 10.naullcal mile vacuum perigee

Eucul. LM Jelllion

Pertottll'X ROS lunllallon retrograde 10 nullih.
Clfel CSM maneuver and Ihul lower vacuum perigee.

18
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7. TEl AND TEC CONTINGENCY PROCEDURES

The TJ;;I maneuver 11 a critical SPS burn In that It has no backup and..
11 mandatory (or .return to earth. Therefore. the primary objective Is to
complete the burn If at.atl po~81ble. Since TEl allo occurs behind the
moon. the crew mu~t be able to monitor and evaluate the burn without
ground ~upport. Coneequently, the burn monitor procedule•• dhcuued In
Section 6 and .hown In Figure 7, apply to the TEl burn. It I. emphul.ed
that manual .hutdown wl\l not be Initiated (or any CSM .y.tem. problem•
•Ince completion 01 the burn h mandatory. Ouldance, navigation. and
control problem. which 'produce ';Iolatlon 01 altitude or atlltude rate IImlU.
ruult In trew Ilkeover and completion 01 the burn (at TEl Ignition altitude)
under SCS control. The crew will manually terminate the burn At nominal
cutofl plu. 2 .econd., provided the EMS AV counter Indlcatu that the

dulred AV hu been applied, Should an Inadvertent SPS .huldo·"" occur.
a re.tart wl\l be made within JO .econd.. U a rutart h not poulble
within thh period. the crew wlll receive a solutiOn Irom MCC.H a(l~r

communications are reestablished,

CommenU

ItTCC cOMputed external AV .olutlon
largeted 10 a wAler lAnding or MPL

1'wo MAneuver II lIut mAneuver exec'
uled .. soon .. poulble 10 achieve. A
liAble lunar orbit, aecond MAneuver lar'
geled 10 Awiler landing Of MI'L. Iloth
ue exlernal AV .olutlons COMpuled by
the RiCC.

II

Abort Modt

1\1o • 80

gO • 96

The options available lor Inadvertent SPS ahu';downa during TEl are
prue!,ted In Figure II. 'fhese options .. sume an operable ONCS although
an abort maneuver could be executed In one 01 the SCS modes, The abort
modes applicable to TEl arel

TElllurn Duration
(set)

i
I
I
I

\

I
i
I

19
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TEl Burn Duration
(sec) Abort Mode Comments

IIZI - Injection RTCC computed external AV .olutlon
targeted to a water landhig Or MPL.
Maneuver executed as loon as poulble.

Should communication. be lo.t during lunar orbit, the block data

.olutlons dlocuued In Section 6 would be used lor the TEl solution. It
communications are lost alter TEl, P37 can be used to compute any nee.. •
..ry maneltvere once the lunar .phere 10 exited.

Aborts during T EC would be Initiated only Ie a .horter lllght .lime waa

required because 01 degrading 1I1e .upp6rt .y.tems. Any required .olutlon
would ,normally be provided by MCC-H, or It communication. were lo.t,
PH could be u.ed.

)

20
)
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8. NAVIOATION

I

I
I
I

(

(I.•

The baolc ground rule Is for MCC-H to provide the navigation function
ao long as communlcatloru are mdntalned with the apacecralt. It ,com­

munlcatt~no are loat. the navigation lunctlon, muat be performed onboard In
accordance w:th a,n appropriate navigation achedule. Mldcouue correc­
tiona will be per:~r"..ed under ONCS control ualng the external AV mode
and a PH aolutlon. 'l'he typleal program aequence around a Mcc will be
PS2. 1;'23, PH, P40(41). ~!ld P23 ao ahown In Figure 12. Alter the burn

and belore PH .. called. the CMP will tranaler tho CSM atate vec,tor to the
LM alola (V66). Thla will ensure a redundanl alale vector onboard In the
evenl thai Ihe AlUe veclor In Ihe CSM alola Is dashoyed.

Onboard navigation proceduras are dlscuued In delall In Appendl" A
(Reterence 19). Typl,cal onboard data COnalstlng 01 sighting schedulas and
alar avallablllly crew charll aro Included lor Ihe following

no-communications cantlngenclu (a cOmplete HI 01 onboard data la pre­
aented In Relerenet 19):

a) Lilt· all pl·l. 8·~.our return' to-earth aborl maneuver
Irom lran.I',na~ eoul

b) Return-to-earth abort maneuv... Iron! lunar orbit

c) Nominal tranltarth eoul (nominal lunar Itay time)

In addition, general proeeduru and rulu are d.flned 10 laellltale oriboard

....vtgatlon .hould a .ltuatlon develop IhUIs nol .peel/leally cOvered by the
onboard data. A ,ummary of .."tahl eonatralnll relating to navigation
lighting... aho Included.



TAble- 1. Typical TLI BW"'D Monitor Crew Charts.

stVB 'ILI MANUAL-
November 14., 1969 AZ 1Zo

FIRST OPPOR'I'tlNrI'Y

& "f D= Vr H H

51 8.0 0:00 Z5559 9 106
56 8.0 0:30 Z6116 Z4 106
5S 8.0 1:00 Z61Z1 85 106
54 8.0 1:30 ZT364 Z06, 107
53 8.0 Z:OO Z809Z 399 108
SZ 8.0 Z:30, Z8903, 681 111
~1 8.0 3:00 Z9154 1051 115
SO 8•.Q 3:30 30649 1534 1ZZ
49 8.0 4:00 31594 ,l:1ZZ 131
48 8.0 4:30 3Z59S Z819 143
..1 8.0 S:OO 33664 3633 159
"S 8.0 5:30 34819 4536 179
45 8.0 S:44 3S4Z6 50Z6 190

stVB 'ILI NOMINAL-
November 14. 1969 AZ 77f>

FtltSr OPPOR=

& y D= Vr H H

59 1.0 0:00 ZS5S9 ., 106
56 -z..0 0-.30 Z6116 Z4 106
55 ' 0.0 1:00 Z6'l'Z7 ,85 106
54 z"S 1:30 Z7364 ' Z06 107 '
53 3..0 Z:OO Z8092: 399 108
53 6.8 Z:3O Z8903 681 111
SZ 8•.'r 3:00 Z'1T54 10S7 11S'
51 10-6 3:30 30649 1534 lZZ
SO lz"S 4:00 31S94 ZtZZ 1311
48 14.3 4-.30 =95 Z819 143 r
4l. 15.9 S:e0 33664 3633 159 t
41 17.6 5-.30 34819' 4536 17'9 '
41 17.S S:" 3S4Z6 SOZ6 190



Table 2. TLl Me..age Pad

TLI
X X TB6P
X j( j( X X X R
X X X X X X P TLI
X X X X X X V
X X X X X X BT

AVC
+ + VI
X X l( X X X R
X X X X j( X P SEP
X X X X X X V
X X X X X X R
X X X X X X P EXTRACTION
X X j( X X X V

COMMENTS

Table 2 Notel

I TMp II the predlHed lime the SII Second Pblle .gepaullon Light will
go out ITM + 37 ur.ond')IMSrC provldel data)

I R. l'. Y au the predlHed .pAcecraltlMU gimbal angl.. AI TLI
Ignll/on Ideg).

I DT lithe predlHed durallon ot the TLI burn. IMSrC pro~ld.. dAla)
I AVC' II the value ut Into the EMS AV counter which Indud.. fre.

dlcted longitudInal AV plu. tallotl (tp.). (MSrC provld.. data
I 11. P. Y SEl' ue the predicted .pauualtlMU gimbal angl.. at the

poll·TLI upual/on allltude (S·IVD tutott +15 mlnutel).
I 11, p. Y EXTIIACTION are the IMU gimbal &llgl.. to pertorm LM

e"lracl/o~.

J

)
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Table 3, TLI Backup Guidance Procedures

TBS KEY V46E
LV aUlD - CMC
ORDflAL ALT. 300 NM
EARTH/LUNAR. LUNAR
MANEUVER LV TO START ATJt

(lit 01'1')R' 180°, p. 107,9°, Y • 0
KEY VI6 NlOE (DSKY R2 • 107.9°,
NULL LV RATES
ORDEAL rDAI fl • ORa RATE
ORDEAL MODE - rAST/HOLD
SLEW rDAI flTO of. • 0°
INSURE R~ • 107.2 '
CMC Ta6 LOAD

V96E
V25 NB!:
LOAD aEr ot TIl6
va N26E (LOAD RI, R2, R3)
V30E
r 06 H (TIME rROM Tab)

TIl6 SoU SEp LT - ON
VJ1E OOE

51100 SoU SEp LT - on

I
( 57,00

START DET COUNTINO UP rROM 51100
KEY VJ1~ 47E. CHECK IlIAS
NlOE
INSUU: rOAr f I l' • 00 'R2 • 107.9°. 113 • 0°

51,20 ORDEAL MODE - OPERATIo:/SLOW

I (STARTS ORDEAL TORQUINO)
58120 EMS MODE - NORMAL

1 58,16 S-11 SEp LT - ON
58,18 LV ULLAOE STAIl.T
591H S-11 SEp LT - orr (ION - 18 SEC)
59152 siva rUEL LEAD
59155 LV ULLAOE TERMINATES
59159 ENO f I LT - ON
00,00 IONITION
00,02 ENO fl LT - on

r LY l' • 00. Y • 4°
N 6H:

051H pit) CUTorr ON PAD VI
05129 2nd) LV STAOE SW - SII/SIVB

"The timet And Angl.. Ihown ue only typicAl ot those tor the H- 2
mlsllon,

""U 1'20, I'H, plx, p4x, p6x Ot J>7x Is Inadvertently ulled prior to
TII6, mAnuAl TIl6 mull be used,

( )-
l5
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Table 4. TypIcal P30 Me..age Pad

P30MANEWfR
PURPOSE

SET STAAS PROP/GUID

+ WT N47

R 0 0 PTR1M N48ALIGN _____
P 0 0 YTRIMALIGN ___
y + 0 0 HRS GETIAlIGN___

+ 0 0 0 MIN N33
+ 0 SEC

ULLAGE
AVX N81
AVy
AVZ

X X X R

X X X P
X X X y

+ HA N44
Hp

+ AVT

HORIZON/vVINDOW_ X X X BT
X AVe

X X X X SXTS

+ 0 SFT-
+ 0 0 TRN
X X X BSS
X X SPA

P37 FOR VO +8 X X X SXP

GETI 0 LAT N61
X AVT LONG
X LONG + RTGO EMS

GET400K t VIO

I GET O.05G

26
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( ) Table 4 Noles

• PURPOSE 10 lhe name of lhe maneuver

• PROP/QUID 10 propuhlo, and guidance selecled (SPS/PJO)

• WT 10 lhe CSM welghl (Ib)

• PTRIM and: .'RIM are respectively lhe pilch and yaw lrlm SPS gimbal
angles (deg)

• GETI Is lhe time of Ignition

• AVO(. AVy• AVz are lhe PJO velocity 10 be gained components In local
vertical coordlnales (fps)

• R. P, Y are lhe IMO gimbal angles allhe time of Ignlllon for lhe aborl
maneuver (deg)

• HA. Hp are lhe ailltwle of apogee and perIgee, respectively above
launch pad radius (n ml) .

• AVT Is lhe lolal Inertial velocity Impulse (fps)

• BT Is lhe burn lime (mln:sec)

• AVC Is lhe EMS AV counler inpul

• SXTS is the se>ctant star to be used lor the abort ignition attitude check

• SFT is lhe sexlanl shaft angle for lhe SXTS (deg)

• TRN is lhe sexlant lrunnion angle for lhe SXTS (deg)

• BSS is the boresight star for an ignition attitude check using the COAS
(as required)

• SPS Is the BSS pilch angle (COAS) (as required) (deg)

• SXP is lhe BSS X position (COAS) (as required) (deg)

• LAT and LONG are, ~espectively. the latitude and longitude of the
resultant landing point following the abort maneuver (deg)

• RTGO is the range to go (or the entry maneuver (EMS) (n mil

• VIO is the EMS inertial velocity for the entry maneuver (ips)

• GET. 05 g is the estimated ground elapsed time to the 0.05 g level of
acceleration for the entry maneuver (hr:min:sec)

() • P37 for L/O t a is a PJ7 first guess for lhe lift-of{ plus a-hour abort.

l7
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','able 5. Typical PH Pad

~37 BLOCK DATA

Gm (Ii~:MtN)
f--- - tNTX X
X X LONG

GET4MK (HR:MIN)

Gm (HR:MtN)- AVTX X
X X LONG

GET400K (HR:MtN)

OETl (HR:MIN)

X X AVI

X X ILONG

;GET401JK (HR:MINI

GETI (HR:MIN)

X X AVT

X X LONG

GET400K (HR:MIN)
GETI (HR:MtN)

X X AVT

X X LONG

GET400K (HR:MIN)
GETf (HR:MIN)

X X AVT

X X LONG

GET400K (HR:MIN)

GETI (HR:MIN)
X X AVT

X X LONG

GET400K (HR:MIN)

lB
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Table 6. Translunar Coast and Lunar Pba.ae Block Data

--------_._---------

----._-----

Timl' ut entolBluo:k Data
Abo.. TypoTranemr..Jon De.cription ot Man_...... ot l)ata

-~
{hr'mi". g.co t.1 Bl~k Dat. (hr,rrlin. g.e.tl Tranamitted "'...1140 TLl + '10 MIN ....111 Complete P:SO P .... Di-.ctwAOLLOot 8 80<10 p:np~ Di..-..:ttD MPL

6.100 LO+ IS fW/OMCC.t) 150<10

j J

12130 LO + ZS_ ZSIOO
La + 35 (W/MCC-li 35,00
LO+ 4~ 45100
LO ... 60 60.00

3~,OO LOI • ~ FLYBY. 7ZlZ5 Complew P30 Pad Ci.~toMPL
71,10 PC + Z fW IMCG-4' 7'1128 ParUal P30 Pad._

Di~t ... MP""
74,)0 TEl I (WIl.01)

7""'J
Ci.t"aUn~to MPLTE14(W/O LOX) " 86108

80155 TltI 5 (W ID01) 87133
84110 TEl Jl 981048

95,45 TEl 35 1.5154-
1.w,20 TEl 40 lSSt49

153110 TEl4Z 15",35

158110 TEl ... 163133
16hO~ TEl 46 161130
J64,~O TEl 46 fNUITIlnal-Prelimillary 167130 Complfie P30 PAd
16(uJO TEl 46 (Numinal..Finall ~67'30 ~TEl 47 J6912:8 P"rtl.a1 P30 PAD

•s.. Table ••

"'.See Tabl,,5o ISpa<;e<;raft _taht and SPS enaine pitoh. and y.w-trim ...,.... ..w.d- _ "~t of a.... JM'd'...
Only CETL .It.Vx • IJ".Vy • .It.V•• piteb·almbalanal. Will bot plVYided (ap6C«l'Alt_iaht -.cI SPS -P- pi.tdl.. &Ild

yaw.trim angle. pl'oYld.d on (b'.t PAd .nd updated only if '-<l....ry) .
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MISSIIJN CONTINGENCY
PHASE fROCEDURE OPTIONS

MANUAL COMPlETION
.

ESS
LAUNCH COl
PHASE MODE I LAt:lNCH A&ORT

MODE II LAUNCH A&ORT
MODE III LAUNCH MORT

EPO AlTERNATE MISSION
PHASE PREMATURE ENTRY

Tli PHASE
(THROUGH MANUAL COMPlETION
TRANSPOSITION, AlTERNATE MISSION
POCKING~Q TlI+ 90MIN TlC A&ORT

:" ~.LMliI(,TiUlO'.'f'N) LIFTOff + 8 HR TlC ABORT
M EX

TlC ALTERNATE MISSION
PHASE TlC ABORT

MANUAL COMPLETION
ALTERNATE MISSION
MODE I LOI ABORT

LUNAR
MODE II LOI A&ORT
MODE III LOI ABORT

PHASE PREMAIURE TEl

MANUAL COMPLETION
TEl MODE III TEl ABORT

PHASE MODE II TE I ABORT
MODE I TEl ABORT

Figure 1. Overall Mission H-2 ,Contingency Procedure Options
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.. BN:KUP CAPABILITY

EARLY S.IVB
STAGING CAPABILITY

SoIYB QIlOFf
SIGIW.
11:46

'I1ISERTION
111:51;
! I
!I
II
II
II
II
/I

II
II
II
II
II
II
II
I
1
!

II.!
10:18

10:00 12:00

I
1
I
I
I
I 4Y

IP
• 0 FPS

I
I•

SoUIS-IYB
STAGING
09:19

I
I
I
I
1 10:02

4:00 6:00 8:00

GROUND ELAPS£O TilE OF ABORT (MIN)

2:00

IIIIIPRIMARY CAPABILITY
LIFT-OFF
00:00 S-IC/S-II

MAr. Q STAGING
01:25 02:46 LET JETTISON

'.I 03.:20
OO~42 J 01:57

MOOE I
LET ABORT

IOOE II
riO SPS
FULL LIFT ENTRY

!«lOE IV MANUAL
SPS POSIGRADE
t lG • 90 SECONOS

SUBORBITAL ABORT
CAPABILITY

!«lOE III
SPS RETRO
HALF LIFT ENTRY

CONTINGENCY ORBIT
CAPABILITY

Figur'! 3. Typical Launch Abort and Contingency Maneuver Avai1abilit}~Chart



,
'--"

,
_".11£"'(11011
...-1"IIU*1f
.,,_IIIl!1Y_.nl_
-.tllI_
1IIl'~ _I"'.un._IllfPfllU_'.

~".-......._­lu_,onl_." _-
• "'-_IIU' _.n.__ "Ii_
• !lO'. _lUk( " .... ,_

• ""U'"llU_n,

_.
.- ............_1 '111[ _ .uun

..&,n Ie ..."'" IlIl:fW'ft

~-...n"'l'lun_~..,"-':__1-...Tf: _11AaI , __• IV

1IOI1I:1l!lCn'I_..__ ·.It:1

...1 Ii..nt. ',r._· ...'1
"fWl -... ""'.'llrlll\ll[.

'oO"-AUIUl.I
'1f01" ....1ll'''UK_ ~ ...-_.Inl__ •

IltIllIlKC.f\IU._.

..

::= I----=-<:

Figu~e 4. TLI Burn Monitor Flow Chart



---------'--'---------
,"-'"

I. _AlIGN10_'"m • .o_t. "_10..._1_
,,"DIlr"lOl9Il'''-''_,._'C...to~«lOIf\Ilfe __

1._ _-
~OOC ~
-X1_<NO....

'-----I',=~~=I ..._ toltCftWl_",,,,,_11;'_-

1.-__..._­
~t, ~'__"..cJII(--­"_lEi_~_­.,.IlK_..c'l"M_..---

•_. .---._-._.--­---------------

1,_lOIC"".__ """l;__1

I, <DMfUft ......_

~..
J -.nwIWOl'

n 1fOl_
COOl_Hi

•• _lIOllIN'....

I, Hlftl ..1I'_«IMI'I/ft_toW,IOI'oI .....
• oc...........,J••fU(I INf.

C;'" 10 Ml)lII ",mlllPl'

-
...--::::=-:-----.._C-.....-..--­..-~""­.-.....-_....---

..--
::~-=~

I:l' __

..- ...-­-..--......-..-----­~..__....----

j,
I

-'I,

~-

Figure 5. Typical 90-Minute and Lift-off Plus 8-Hour (No Voice) Abort Flow Chart



- ----------~---------------

... ,

EJ.;.._·_.
:::.-:

, • 5(f MIlIf ~ .1 _ .v NIInQlIZ. EJEDM -.at

AT IiIDC.4UCi.UItOII filiI'
So UEaII( CC"1l'''''' tIllCotl

U'NIf .. IQUlIU
4, NEJlIIlII: ... 0lJIlI

1. CSI'JUl W'AMTllll
2, AUGII till ltl Il[I'5IMT
J. AT IUT ,:J1 OJ! aOCl bATATIllE ,,jUtT 1M.

GIl TO llLOOl. MfA An-lIllIE

I, SET MDRt loW II EMS " COIIITtI
I. UEClIfE SI'5 AIllllT IlllNEtMIl
~. EifEl/I"[ IlOC'S II QllUIM;TIIII

Ill'" '2) (ISI._ MIIIIilITllII
(AS R£QUlIlEDI Willi ,n SlILUYlllII!i

4. Ptl£,NI( I'I1II D1f1n'

1. !in AIOItT .t.W II Dl5 U OI!IrI1:R
2. UEClJf[ SI'5 AIlllIf IIlIl£lN(R .
J, UiME IC';'S AS Il£ljUrRED Ill'nl

'31 S/lI.llilllll!i II toII.MICT11l1l
WIlli '1') CiSLlJIlII "WIQ\JIOM

4. CWlJI iUMtTllllI
t. J'I£PM£ filii 00..

'. 5tff'OlIT lIICCoII EVN.IlIlTlllll ,. st_ '" lIt..:o. RIlWIJlL artor COIlTlllroLlCf SITWlTlDIl

"" .,a t.OMl 1CUD115 "'4lU~<E' m ,. CYlIlll !iE_nOll " .. ..... ftI....-u~¥OItE MEQUIII[IJ -... I:IIEQI;(IJT snfOllS '" SC'lO I[
IISt:O filii MOII:T MftWO

.. EIIKl/tt UDlIP _ ........ '.
VY_",,.___

~(IIlIE'1 .. mEeT _ ..UIAlIIt 1ft.. uwm ....."m,.
=1l~__ (Il5 ...........!MIl UUICi" 5llM. >.-. .. a.arl4lllt"".""".. -_ .....

1. flSfIl TllACJtlfIQ
2. C_E lMlO"" ClllllDrMTE5
J. AllVIY JlECOWEn Of I.NIIIIIIt

COOllOllllifB
4. _ITOII [ran • ""'III(

SIHOIIT A!i IIlIlIIlll£O

Figure 6. TLC Abort Flow Chart



I.--
I
I
I
I

-
----_........_.._"......."'._....._-'. _tonK.. on,,-_._onf.-.......- -..-_.__ ._",,-.."'..__ _._-.."- ~._--_._-,""-

I
~
l

Figure 7. SPS Burn Monitor Flow Chart



-~ .._---_._---_.__._-

.. A1lIIllDfIJtA1£ MONITOR , ____1 _ ----I
I
I
I
I
I
I
I

........"....._01' I=--==~

-
. -~-

---..."'.....~._-----.....-­._--------
,­
I
I
I
I
I
I
I
I _.-L_===:;@ _

...
o

_.
-'--"'--1--

_.
------
----"'000-__._-

~ 7. SPS Burn Monitor Flow Chart (ContimIed)

- ,
"-" .

{
._---._-------



l-------- _

Figure 7. SPS Burn MODi'or Flow Chart (Continued)
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APPENDIX A

LOSS OF COMMUNICATIONS NAVIGATION PROCEDURES

Onboard Navlgall6n after a LUt-otl Plus 8·Hour Abort Maneuver Fr~rn
Translunar Coast

A. PerCorrn Ihe aborl burn.

B. a.elnillallze the W rnatrl". U.e e"lended verb 67 and al
Ihe V06N99 dhplay, loadl

RI +80000 (80.000 C..I)
a.2 +00070 (7,0 Ceet per ...ond)
R3 +00003 (Chlunar Navigation Code)

C. Deterrnlne Ihe return trip time and look AI Ihe ~orre­
.pondlng table Cor the sighling sthedule to be Collowed.
For all relurn trip limes Ie .. than 20 hours. Sthedule I
(Table A-lie should be uled, For all relurn trip IIrnes
greater than 20 hours. Sthedule 2 (Table A.21e should
be used,

D. Tlrnes given Cor e&<h batth oC data are reCeren<ed to entry
InlerC&<e. (PH hUy be used to deterrnlne Ihe time
releunte. )

E. Start tratklng with the Clrst bAlth ()( data Collowlng Ihe tur.
rent lime.

}" Calibrate optl~.u the beginning oC eath batth and every
hall hour while navigation slghtlngs are In prog..... The
ne"t .."tant ullbrallon will be repeated until agreelllent
oC Alleut two ~hetks (not nete ..arlly selluenllal ones) are
within I bit (0.003 degree).

O. Large AR, AV values may I.e e"pe~ted at the Collowlng
limes I

I. At the Inillallon oCtr&<klng (the Clrst rnark On eath
liar oC the Clrst batth oC data taken).

2. Alter a long period oC no slghtlngs.

8Th... tables are typltal oC the ones tattl.d by the .uw, the data
shown art n6t net...ully those Cor the H.2 rnlllion.

31
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\ 3. Durlnilihe laol 6 houri before enlry Inlerface.

U a larse .Iale.veclor correcllon (srealer Ihan 50 nauilcal
mllet In po.llIon and 50 feel per IOcond In veloclly) II
elhplayeel elurlns Ihe V06N49 elilplay In Pl.3, Ihe mark
.houlel be reJecleel, Ihe .Iarretelecleel, and Ihe mark
repealeel. J( Ihe larse correcllon o.ccure again, II .houlel
be accepleel and Incorporaleel.

H. U, for .ome rea.on, .Ightlng. neeel 10 be allereel or moveel,
.tar avallablllly chari. are provldeel. (A Iyplcal crew chari
10 .hown In Figure A.I.I The lollowing commenle perlaln 10
thete charlo:

I. The verllcal IInee .repre.enl the .Iare which are
available lor u so with PZ3.

a) The .olld line repreeenle Ihe earlle.1 TI.I
opporlunlly lor which the chari Ie vallel an<!
10 Identllied by launch azimuth and TLI
opporlunlly.

b) The eluheel line repre.enl. the laleel TLI
opportunlly lor which the chari 10 valid and
Is Identified by launch azimuth and TLI
opportunity.

c) Il both the .ollel an<! duhed line. are pre.­
ent (or a given star at a. gi-ten tinle, then
that star Ie available lor PZ3 sightings at
that lime lor all TLI opporlunitie. where
the earlleet Is repre .enled by the .olld
line and the latest is represented by the
dashed line.

2. The numbers at the bottom of each star column
represent the angle between the star horizon mea­
surement plane and the orbital plane in degrees.
This angle 10 given lor the earllestlaunch (the
solld line) at the acqulsllion 01 the slar and the 10..
of the star.

3. Star numbers are given in octal.

4. The horizon code is:

EN = earth near horizon

EF = earth Car horizon

MN := lunar near horizon

MF =lunar tar horizon

J

,~ 5Z --'-- ~/_.. ~_J
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( II. Onboard Navlgallon afler Return.to.EarlhAbortl Irom Lunar Orbit

A. Aborll Irom lunar orbit due to communlc~lIonl lOll:

I. Perlorm Ihe abort burn.

2. Relnltlallze W matrix. Ule eXlencled verb 61
and at the V06N99dhplay, load:

R I t 30000 (30.000 leet)

R2 t 00300 (30.0 leel per lecond)

R3 t 00003 (Chlunar Navigation Code)

3. Determine the day 01 enlry 01 the abort and look
at the correopondlng table (similar In conlent to
Table A.I) lor the Ichedule to be lollowed.
Schedule I are provided lor 20 April and 21 April
return date •.

4. Time Is reCerenced Irom TEl time lor the IIrst
3S hours. and El time thereaCler. This Is done
to provide lor varying relurn trip times.

Cl
5. Calibrate optics at the beginning of each batch

and every hall hour whlle navigation slghtings
are in progress. The .extant calibration will
be repeated until agreement of at least two
checks (not necessarily sequential ones) are
within I bit (0.003 degree).

Large state vector corrections may be expected
at the following time s:

I
I
I
I
I

At the Initiation of tracking (Cor the first
mark on each star of the first batch of
data)

At the first s~itch of reference bodies

a)

b)

e)

d)

After a long period of no sightings

Dur~ng the last hours of the TE coast when
the vehicle is near the earth",

Ii a large state vector cortection (greater than
50 nautical miles -~n positic;m and 50, feet per sec­
ond In. velocity) Is displayed during the "/06N49
display In P23.. the mark should be rejected and
repeated. U thelarge correction occurs again. it
should be accepted and incorporated. (Corrections
this large should not be expected in cases other
than a and b above. )

6.
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I 7. If a W matrbc relnltlallzatlon OCCUri aner opllcal 'JI

I .Ishllns. are Initialed due 10 a communicalion. 10....
the followlns procedur...hould be followed.

! al If Ihe relnUlalization do" nol occur while
"shllns. are belnslaken. lhe W matrix .hould
be relnltlalloed al the next balch 10 lhe dlasonal
value a ..odaled wllh Ihat balch.

bl If Ihe relnltlallzallon OCCUri while a balch II In
prosre.. , lhe W matrbc .hould be relnltlalloed 10
Ihe dlasonal value a..odaled with lhe balch durlns
which lhe 10.. occurred. and lhe balch r..luled
Immedlalely. (See S.cllon II-B-3 (or valu... I

c) The current onboard .tate vector at the time o( the
W matrix relnUlallzation II retained.

d) The remainder o( the opllcal .chedule II followed
as If the W matrix relnlllallzation had not
oc:c:urred.

8. If .Ishllns. need 10 be. altered or moved••tar avail-
ability chart. are provided (chari .Imllar In content
to Figure A-I).

B. Communications loss during traneearth coast following an )abort (rom lunar orbit. -

.

U the entry pad has been received, then no tracking is per·
formed; if not, then proceed.

1. Check to see if schedules given in Section IJ-A-3
are applicable. If nolo go to Section IV. (In gen­
eral, very shorl and very long aborts are not
covered by the charts. )

2. Slarl tracking wllh lhe first batch of dala following
the current time.

3. Reinitialize W matrix. Use extended verb 67 and
at the V06N99 display. load:

a) Communications loss before Batch 1

RI t 30000 (30.000 Ceet)

R2 t 00300 (30.0 Ceel per second)

R3 t 00003 (Cislunar Navigation Code)
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( b) Communication. lOll afler Balch I with no
.Iale vee lor updale after TEl:

R I +99000 (99, COO leel)

RZ +OOOZO (Z, 0 leol per .econd)

R3 +00003 (Chlunar Navigation Code)

c) Communication. lOll allor Balch I wllh al
leaolone Iiale veclor updale aller TEl

nI +45000 (45,000 leel)

RZ +00006 (0,61001 per .econd)

R3 +00003 (Chlunar Navigation Codo)

4, General rule. In Section III lor 10.. 01 communi­
cation. during Iran.earth coaol are applicable,
(See Section. III·B, D, E, and G,)

5, Star Availability Charlo are contained in
Section II-A-8.

: III.

I ( )

I -

I,,
I,
I
I

Onboard Navigation aCter a Lo.. ol Communication. during Nominal
Tran.earth Coast (Following Completion ol Planned Lunar Stay Time)

If the entry pad has been received, then no tracking is perlormed: if
not, th"n proceed.

A, The IOhedulo. pr.ovlded (.imil.ar in content 10 Table A-I) are
referenced to launch azimuth and TLlopportunity. For all
transearth situations betweero 7Z ..degree launch azimuth,
first TLI opportunity and 99-degree launch azimuth, second
TLI opportunity (inclusive), Schedule I .hould be u.ed. For
transearth situations from 99-degree launch azimuth, sec­
ond TLI opportunity and 108-degree launch azimuth, second
TLlopportunity, Schedule Z should be used.

B. Start tracking with the first batch of data following the cur­
rent time.

c. Relnitialize the W matrix, Use extended verb 61 and at the
V06N99 display, load:

l. Communications loss before lirst batch

\
I

ss
~~~--~~------~-~-~--I-- ~

RI +30000 (30,000 leet)

RZ t 00300 (30.0 leet per second)

R3 t 00003 (Cislunar Navigation Code)
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l. Communlcallon Ion aner flrot batch with no .tate Jv,clor update after TEll

R I +99000 (99.000 feet)

Rl +OOOlO (l. 0 feet per .econd)

R3 +00003 (Chlunar Navlgallon Code)

3. Communlcallon. 10.. after Batch I with at leut
one .tate vector update after TEl:

R I t 45000 (45.000 feet)

Rl t 00006 (0.6 foot per .econd)

R3 t 00003 (Cislunar Navigation Code)

D. Calibrate the opllc. at the beginning of each batch and every
half hour while navigation lighting. are In progrell. The
.extant callbrallon will be repeated until agreement of at
least two check. (not necellarlly sequential one.) are within
I bit (0.003 degree).

E. Large date vector (;orrections may be expected at the fol ..
lowing times:

I. At Initiation of tracking. (For the flrot mark on Jeach star of the ftrst batch of data)

l. At the first switch of reference bodies

3. After a long period of no sightings

4. puring the last hours of the TE coast when the
vehicle is near the earth

11 a large state vector correction (greater than 50 nautical
miles in position and 50 feet per second in velocity) is
displayed during the V06N49 display In PZ3. the mark
should be rejected and repeated. 1£ the large correction
occurs again. it should be accepted and incorporated.
(Corrections this large should not be expected in cases
other than 1 and 2 above. )

F. If a W matrix reinitiaUzation occurs after optical stg"tings
are initiated due to a communications los 8, the following
procedures should be used.

I. If the reinitialbation does not occur while sightings
are being taken .. the W matrix should be reinitialized
at the next batch to the diagonal value associated with
that batch. 1
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2. . If Ihe relnlllalizalion occun willie II balch II In pro­
gre .., Ihe W malrl" Ihoulcl be relnillallzeclio Ihe·dlag"
onal value a..oclaled wllh Ihe balch cluring which Ihe
relnlllallzalion occurred, and Ihe balch rularled
Immecllalely. (See Secllon 111· C for valuu. )

The currenl onboncl .Iale veclor al the lime of Ihe
W malrlx relnillallzalion Ie relalned.

The remainder of Ihe opllcal .chedule h followecl
III If lbe W malrlx relnillallzalion had nol occurred.

G~ If for lome ..ilion, Ilghllngl neecl 10 be allered or moved,
,Iar avallablllly ~harll are provided (,(mllar In conlenl
10 Figure A-I). If a ,Iar In Ihe regular ochedule needs 10 be
replaced, Ihe replacemenl ,hould be as clo.. 10 lbe orbll
plar.e as po..lble. Do nol repeal a ,el which h already
ocheduled for Ihal balch.

IV. OnbQard Navigallon Rulu for a DO-\l·Yourself Sighling Schedule
..

If Ihe enlry pad h.. been received, Ihen no lracklng I, performed; if
not, then proce.ed.

A. General rules

I. A "Ighling or ..I Ie 10 con,hl of Ihree marks.

2. Relnillalize W malrlx and ,chedule a tracking inler­
val as lOOn as poslIible after the burn; or in the
case of the llinar flyby, about One hour after peri­
lune. If sightings are performed during translunar
coast for any reason, reinitialize the W matrix
one hour after perilune for trans earth sightings. W
matrbc: values are given below in the discus lion for
each return type. (See Sections Band C. )

l. Star availabilily Is related 10 GMT, nol GET.
Therefore, a chart which approximates the GMT
ola particular situation can be used as a clue to
determine stars available.

4. A batch is to consist 01 at least three starl horizon
sightings, although as many as five can be advanta:"
geous, particularly lollowing ~ sleep period.

5. AU available stars should be used in the sighting
schedule. No more than three marks should be
taken On a star within a batch ol data.
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6, SlsMlng. durlns the lut 10 llou"beloro entry Inter·
lace are Import,nt, Five earth 1I0rilon "sMlng' •
• hould be teheduled ,t ';1·5 llou" 'nd three earth
1I0rilon .Ishllns••lIoule! be .chedulee! lollowlns the
MCC at EI·3 llou", U no earth horllon .Ighllng.
are av,llable, lunar 1I0rilon .Ightlng••1I0ule! be .
u.ed.

1, Whenever pOlllble, the navlg'tlon b,tcll...lIould
be .clledulee! .0 th,t Immediately lollowlng a lime
period olle"gth At (not to exceee! 3110unlln a lion­
PTC moe!e, live lime. At .hould bo .pent In a PTC
nlode (thermal con.tral.nt.l. 'rill. rule will be .
violated mo.t Irequently In the following .Ituatlon"
(II aborts lrom a tr,ndunar trajectory with .hort
return trip time., (ZI time crlllcal abort., and
(3) the 10-hour period belore entry Interlace.

8. If possible, both near and lar horllon••h",ld be
Included In eacll batch 01 data,

9. Calibrate the optic. at the beginning 01 each batch
and every haU hour while navigation .Ightlng. are In
progress. The sextant calibration will be repeated
until agreement of at least two checks (not necetsarily
sequential enes) are within I bit (0.003 degree),

10. Large state vector corrections may be expected at the
following times I

a) At initiation of tracking (for the lirst mark
on each st.ar of the llret batch of data. I

bl At the first .wltch of reference bodies.

cl After a long period of nO sighting ••

dl During the last 10 hours before entry
interface.

If a large state vector correction (greater than
50 nautical miles in position and 50 feet per
.econd In velocity) Is displayed during the V06N49
display in PZ3, the mark should be rejected and
repeated. If the large correction occurs again,
it should be accepted and incorporated.
(Corrections this large should not be expected
in cases other than a and b above. )

B. Aborts from a translunar trajectory:

1. Perform the abort burn.

z. . Read the general rules contained in Section IV ..A.
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3. InllloU.. Ille W mOlrl", 1./10 exlended verb 67 and
al 1110 V06N99 dloplay, loadl ,"

RI t 800,00 (80,000 teel)

RZ t 00070 (7.0 teel per "cond)

R3 t 00003 (Ciolunar Navigallon Code)

4. Only .Iarlearlll horizon mark. will be made.

5, It Ille return Irlp lime 10 ~ ZO hOUri, Ihree 101•
•1I0uld be .clleduled every Z. 5 hOUri willi a balcll
ot five 101. al £1·5 1I0url betore Ille laol MCC
al £1·3 1I0urI, and Ihree 101. atter Ihe mldcourlO.

6. It Ihe return Irlp lime" .. ZO hOUri, .Ieep period.
ot 8 1I0ura may be provided. A.lronaul••hould be
awake Ihe laol 10 hOUri betore enlry Inlertace.
Three 101••1I0uld be .cheduled every Ihree houra
while awake wilh five lOll .cheduled betore each
deep period, Five lOll .hould be laken be!ore Ihe
laol mldcourle al £1~3 houro, and Ihree sels atter
the midcouroe.

7. It a W malriJ< relnilializalion OCCUrl atter the optical
sighting. are Initialed, the following procedur..
• hould be followed I

a) It the relnilializalion do.. nol occur while
.ighllng. are being laken, the W malrlx should
be relnitlalized al the next batch 10 the diagonal
value given in Section IV- Boo 3.

b) It Ihe reinltializallon oeeurl while a balch Is In
progress, the W matrix should be reinitlalized
to the diagonal value given in Section IV- Boo 3
and Ihe balch reslarled Immediately.

c) The current onboarti state vector at the time
of the W matrix reinitialization is retained.

d) T1)e remainder of the optical schedule Is fol­
lowed as if the W matrix reinitialization had
not occurred.

C. Communications 105S for flyby, aborts from lunar orbit, etc.

I. Perform the abort burn or wait until perilune.

Z. Read the gen.eral rules contained in Section IV -A.

I
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3. Rolnillall.. Iho W malrllC. Voe elClended verb 67 'Jand al Ihe V06N99 dloplay, loadl

a) Comm"nleallono lOll bolore Baleh 1 (al
TEl t I ho"r or perU"ne t 1 ho"rll

RI t 30000 ( 30,000 feel)

RZ t 00300 (30.0 feel per oecond)

R3 t 00003 (CIII"nar Navigallon Code)

b) Comm"nlcallono 10.. afler Balch 1 (al
TEl t 1 hour or perU"ne t 1 hour) with no
otate vector "pdale afler TEll

RI t 99000 (99,000 feet)

RZ t OOOZO (Z. 0 feet per second)

R3 t 000~3 (Cloluna! Na'lillalion Code)

cl Communlcallono 10.. after Batch 1 (at
TEl t 1 hour or perUune t I hour) with at
le.. t one state vector update after TEll

RI t 45000 (45,000 feel)

IlZ t 00006 (0.6 Coot per second) ) I

R3 t 00003 (Chlunar Na,igallon Code) I
I
I

4. If return trip time is ;;e 70 hours I
a) Refer 10 Ihe e1ghting schedules of Section III I

lor placement of batches of star/horizoll I
slghtings and relale the limes. given at I
"TEl t II and IIEI_1t to the specific tra.ns- !earth situation. For each batch s eheduled,
take three marks On each available atar
(up to 5 stars). \

I
b) Schedule three earth horizon sightlngs for Ievery 5 hours between TEl t 3Z and EI -

40 hours, or U an additional sleep period
is needed for very slow returns, schedule \i.ive earth horizon sightings befe:r.e the sleep
period and five earth horizon sightings I
upon awakening.

5. If return trip time is < 70 hours

a) Sleep periods of 8 hours shou14 be pro-
vided. Astronauts should be awake the last
10 hours before entry interface. ,}..

60

- I



..

J, h) Threo. tol. 01 .lar horllon ohurvallon.
.hould bo .thoduled overy lhreo houri whllo
awake wllh flve toli .ehoduled bolore and
allor each .Ieop period.

I) A balch oOunar horizon .Ighllng.
.hould be laken al TEl t I hour or
porllune .t I hour.

2) The tocond balch of dala .hould can-
.101 of earlh horizon "ghllng••

3) The Ihlrd balch of dala .hould can-
sl.1 of lunar horizon .Ighllng••

4) The remainder of the dala .houl.. be
earlh horizon "ghllng•• If no earlh
horizon .Ightlng. are available, lunar
horizon .Ightlng••hould be .ub.tltuted.

c) Flve earth horizon .el••hould be .cheduled al
EI ~ 5 hOUri before the MCC (al EI - 3 hOUri).
Three .elo .hould be laken after Ihe mldcourse.

6. If a W .maliix relnltlalizatlon oceUrl after optical slght­
ings are initiated due to a transearth communications
10", the following procedures .hould be followed.

a, If the relnltlalizallon does not occur while .Ight­
Ings are being taken, the W ma.lrix should.be
relnltlalized at the next batch 10 the diagonal
,-alue a.soclated with thai batch. (W matrices
are given In Section IV-C-3.)

b) If the reinitialization occurs while a batch is in
progress, the W matrix should he reinitialized
to the diagonal value associated with the batch
during which the relnitialization occurred, and
the batch restarted immediately.

c) The current onboard state vecto'r at the time
of the W matrix reinitialization is retained.

d) The remainder of the optical schedule is {ol­
lowed as if the W matrix reinitialization had
not occurred.

v. Sextant Constraints

A summary of the SXT constraints relating to navigation sightings
follows: (Reference 20)
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A. Trunnion Angle • The trunnion angle mual be grealer Ihan
2 degreea and lea. Ihan 50 degreel. unlell the lun II ~ilhln
45 degree. of the landmark line of .Ighl (LWSJ. In which
cale the maximum trunnion angle 10 45 degreel.

B. Slar Magnitude· The liar mu81 be brlghl enough to be
acquired agalnll the background and Iracked acroll the
LLOS largel. .

C. Scallered Llghl - The background l11umlnatlon due 10 lun­
IIghl .cattered o!lthe optical element. mUlt not be '0 bright
that It ob.c"r.. either the .tlr or the horizon Image.

D. Sun Elevation· The local .un elevation IUIgle at the tangent
point lor horilon meaaurementl or at the landmark mu.t
be high enough to illuminate the target without dlltortlon.

Horizon
Landmark

Horilon
Landmark

Minimum Slar Magnitude

~

3

I

Minimum Sun Elevation Angle

Earth

10 degre..
10 degre..

M2.2!t
3.5
2.5

Moon

5 degre..
5 degre..

I)

E. Landmark Slant Angle. Dlie to optlcallor..horlenlng and
Umo.pherlc thlcknell, landmark. with larg. lIant angle.
are uhu.uable. (The angle II between vertical at the
landmark. and the LLOS.) Thll conllralnt do.. not apply
to horllon mea.urementl.

Maximum Slant Angle

Earth

·15 degreee
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*Table A-I. : Sighting Scheduleo ·lor a" Abort at Llft-oll Plul 8 Houri. (No Communlcatlonl) - Schedule I, Return Trip TimeLe.. Than 20 Houri

Time of
Sighting.

(hr)

EI - 11.5

EI - 15.0

EI - 12.5

EI-IO.O

EI - 7.5

EI - 5.0

EI • 2.5

Star
Identification

U (Denebola)
24 (Glenah)
26 (Spica)

21 (Alphard)
U (Denebola)
26 (Spica)

21 (Alphard)
UIDenebola )
24 Olenah)

21 (Alphard)
U (Denebola)
26 (Spica)

21 (Alpha. rM
26 (Spica)
31 (Ardurll)

21 (Alphard)
22 (ReIUlu.)
24 (Ol.nah)
26 (Spica)
31 (Arclurll)

23 (Denebola I
31 (Arcturll)
32 (Alphecca)

Relerence
Horizon

Earth/Near
EarthlNear
EarthlNeAr

Earth/Far
EarthlNear
EArth/Near

Earth/Far
Earth lNea r
EarthlNear

Earth/Far
EarthlNear
EarthlNear

Earth/Far
J:arthlNear
Ellrth/Near

Earth/Far
Earth/Far
Earth/Near
EarthlNear
EarthlNear

Earth/Far
EarthlNear
Earth/Near

Regllter 3
01 DSKY

00110
00110
00110

00120
00110
00110

00120
00110
00110

00120
00110
00110

00120
00110
00110

00120
00120
00110
00110
00110

00120
00110
00110

[I

"Thl• table II typical 01 the .chedule which the H· 2 crew will have,
Thll chari appUu 10 abort. Irom the 72 .delree lAunch ulmuth, Ilul TLIopporlunlly tbroulh the 90.degue launch ulmuth, ..cond TLI opportunllyand the 99·degree launch ulmuth...cond TLI opporlunlly.
GMT 01 entry Interlace. 18.30100 November 15

---~----------f-_~ ...:.......
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Table A-Z. Sighting Schedule I lor an Abort at Lllt-oll Plu. 8 Houro 'J(No Communlcationl' - Schedule Z. Return Trip Time
Greater than ZO Hours

Time 01
, .

Sighting. Star Reference ReglU.. 3
lhr! Identifica.tion . Horizon of DSKYi

I
El - 39.0 ZI (Alphard I Earth/Far OOIZO

23 (Denebola, Earth/Nur 00110
Z6 (Splcl' Earth/Near 00110I, EI • 36.0 16 (Procyonl Earth/Far 00120
2I (Alphardl Earth/Far 00120
23 (Denebola) Earth/Neor OOHO
Z4 (Olenah'. Earth/Near 0011026 (Splcl) Earth/Nur 00110

EI·21.0 ZI (Alphord) Earth/For 00120
2Z (Regulu'l Earth/For 00120
24 (menah) Earth/Nur 00110
26 (Spica, Earth/Nur 00110

EI·24.0 ZI (AI~ord' Earth/Far 001Z0
26 (Sp cal Earth/N.ar 00110
31 (Arcturu., Earth/Near 00110

EI • Z1.0 U (Alphordl Eorth/For 001Z0
)2Z (Re,ulul' Earth/Far 001Z0 (26 (Spl'" Earth/Neor 00110 -31 (A.elu.uI) Earth/Nur 00110

EI· IZ.0 U (Alphord) Earth/)'ar 001Z0
U IR<sulul' Earth/Far 001Z0
31 (A.elu.uI' Earth/Near 00110

EI • 9. S U IRe,ulu') Earlh/Far 00120U (Denebola) Earth/Far 001Z0
31 (A.ctutul' Earlh/Nu. 00110

EI • 1.0 U (Resulu') Earlh/FAt 001Z031 (A.clutul) EAtth/Nu, 001103Z (Alphec.., £arlh/Nu. 00110
£1 • S.O U (Denebola, Earlh"'At 001Z0

U (Olehah) Earlh/Near 00110Z6 (Spl.., Earth/Nur 00110
31 (Arclu.ul! Earth/Near 00110
3Z (Alph.... ' Earth/Nu. 00110

EI • 2. S 26 (Spl.., Earth/Near 00110
U (Venebol.! Earth/Fat 001Z0

fhll chul appllu to lborll Itom Ihe 99·de,.u Ilunch Ulmuth.j IIUI TLIoppO.lunlly and Ihe 10S·deS.te I.un<h ulmuth, IUII.nd u<on TLI

J
oppo.tunIUu.

oMT 01 enl.y Interl.. e • 19,U,OO No.embu 16
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Figure A-I. Star Availability for ...Abort from TraDalUD&r Coast at 8:00 hours g. e. t. •
Short Retana for a Wvnc:h onr~ 14. 1969 (This chart 1. similar to
that to be c:arried by the H-~ 0'eW. ) ,
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APPENDIX B

BACKUP GDC ALIONMENT.

•

sCs • On (required)

CMC • 011 Or Itlndby

FOAl SELECT· I

ATT SET. ODC

SC CONT. SCS

RECORD, R, p. Y ALION, sXT dill, and NAV Itaro lrom MCC.H

I.

2.

3.

4.

sCT. sFT • 180. TRN • 7. S

ATT SET DIALS. R, ?, Y ALION

elge IMU when near O. 0, 0

Maneuver to Itaro,

b

\

Primary etar On SO-degree mark on R line <ol SeT reticle
with lIeondary .tar On R line

S. 000 ALION • pu.h ,

6. ATT SET DIALS. O. O. 0 lor prelerred orientation or pad
maneuver valu..

7. Maneuver se to I.nltlon altitude On 000 ball and null error
needl..

8. Perlorm SXT IlIr eheek and adJuU In plteh and yaw, It
neeeuary

9. ATT HOLD. Min dudband

10. Unea.e IMU II In prelerred orientation (0. 0, 0)

II. Realign ODe II neeeuary
ODe ALION • pu.h

i '
Relerenee 21
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