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. .. FOREWORD

This Contingency Procedures Mission Techniques Doc-
ument is one of several documents describing thé H-2 mis-
sion (Apollo 13). The others are as follows:

¢ Launch Aborts

- ¢ Earth Parking Orbit and Translunar
Injection

¢ Translunar Midcourse Corrections and
Lunar Orbit Insertion

¢ Lunar Descent

¢ Descent Abort and Subsequent Rendezvous
¢ Lunar Surface

¢ Manusl Ascent

) 'quered Ancent

¢ Lunar Orbit Activities

¢ Transearth InJection, Mideourse
Corrections, and Entry

¢ Tracking Data Selectlon Controllers
Procedures
Thesa documents contaln the officlally approved guid.
ance and control sequence of events, the data flaw, and reats
time decltlon logle for the H-2 mlsslon, The purpose of
these documents 1s to insure compatibllity of all related MSG
and supporting contractor activities,

Foreachmlestonphase, a Data Priority Working Qroup
hasbeen established under the direction of Ghief, Apollo Data
Ptiority Coordination, ASPO, Thesegroups, whichare com-
prined of representatives of MSC and support contractors,
hold frequent meetings to coordinate thelr varlous associs

ated activitles and develop agreed upor mission technlcﬁxu.
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FOREWORD (Continugd

TRW assists in ;he development of the techniques and docu-
ments them for ASPO, After formal review by ASPO, ELDD,
FCOD, FOD, GAG, MDC, MIT, NR, and TRW, a document
such as this one {s issued, '

This is the final issue of the Cont_ingency Procedures
Techniques Document. The mission dependent data limits
and trajectory parameter values are applicable to the H-2
mission; the sequence of events, data flow, and decislonlogic
are applicable to the H-2 and subsequent Apollo miasions.
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The H-2 {Apollo 13) hybrid mlssion profile, targeted for the Fra

f. INTRODUCTION

Mauro landing site, consists of the followingi

b)

<)

d}

Launch and boost to earth parking orbit (EPO) 11 April
with other launch opportunities 10 and 12 May; the con-
figuration is AS-508-LY/CSM-109/LM-.7.

Coast in EPO for two or three orbits during which time

Daylighf la'\;nch from KSC Launch Complex on a
variable flight azimuth of 72 to 96 degrees
dependent on launch time

S-IVB/IU/CSM/LM inserted into a nominal
100-nautical mile circutar EPO after comple-
tion of 5-1C, S-II, and partial S-IVB stage
burns

launch vehicle (LV) and SC systems checkout will take
place

Translunar injection (TLY)

S-IVB engine restarted over the Pacific Ocean
during either the second or third orbits {first
and second injection opportunities, respectively)

S-1VB/IU/CSM/LM injected into a free-return
translunar trajectory o

Translunar coast (TLC)

CSM separation from S-IVB/IU/LM

CSM transposition and docking {TED) with the
LM .

LM extraction and CSM/LM separation from
3-IVB

8-1VB evasive maneuver followed by dump of
residual propellants to achieve slingshot

ai‘The S5-1VB 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.




¢ SPS burn to transfer CSM/LM to a hybrid
trajectory

¢ Midcourse corrections {MCC's) executed
as required

e} Lunar phase

¢ Service module propulsion system (SPS) burn
to transfer the CSM/LM to a 60- by 170-nautical
mile lunar orbit {LOI); after two orbits, a
second SPS vetrograde burn produces an 8-by
60+nautical mile orbit (DOI).

* After approximately {1 orbits, the CSM and LM -
separate, and the CSM performs an SPS bura to
attzin a 60-nautical mile circular orbit,

¢ During lunar orbit 14, the LM descends to the
lunar surface, and subsequent to the lunar sur-
face activities, ascends (orbit 31) and rendez-
vous with the CSM (orbit 33).

¢ Following approximately 46 orbits, an SPS posi-
grade burn to transfer the CSM to a transearth
trajectory (TEI) is executed. :

f} Transearth coast
® Midcourse corrections executed as required
g) FEarth entry

This document defines trajectory and systems monitoring techniques
and resultant contingency procedures (excluding alternate mission possibil-
ities and undocked lunar a;:tivities) which involve real-time decisions by
the crew and ground (MCC-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 2. The contingency procedure
modes shown in Figure 2 read vertically down in their order of pricrity
(i. e.. the top contingency mode is the one which would be executed before
considering the next lower mode, ete.). In addition, those contingency
modes shown on the same level for different mission phases are assumed

to be approximately equal in likelihood of ever being required.
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The rﬁonltdrlng techniques and contingency procedure options are
Presented in flow charts which depict the necessary crew and correspond-
ing Mission Contro} Center-Houston (MCC-H) real-time decislons, The
contingency procedures contained in these flow charts are based on
References | through 8, Detalled discussions of these procedures are pre-
scnted in Sectlons 2 through 7 of this document, Launch phase contingency
prdcedurel are presented in the Misaion H-2 and Subsequent Launch Phase’
Aborts document {Reference {) and so are not discussed in detail herein,
The earth entry phase shown in Figure 2 is not discussed in this report,

A detailed account is glven in Reference 9.




2. LAUNCH PHASE CONTINGENCY PROCEDURES

Launch phase contingencies ¢onsist of launch abort and”contingency
orbit insertion (COI) maneuvers. -The initiation of a cbntlngency maneuver
is determined from specific displays which are monitored by the ground
and crew throughout the launch phase,

a) Mode I aborts utilize the launch escape tower (LET)
. to remove the CM from the LV, Mode I aborts are
possible from just prior to lift-off until the LET {s
Jettisoned (nominally 3 minutes 20 seconds gee.ts ),
Mode I aborts may be initiated automatically by the
emergency detection system or manually.

b)  Mode Il aborts which employ a full-1ift entry profite
into the Atlantic Continuous Recovery Area. These
aborts are nominally possible from LET Jettison until
about 10 minutes 2 seconds g. e, t. (Full-1ift down-
range landing distance equals 3200 nautical miles).

€) Mode III aborts which employ an SP5 retro burn fol-
lowed by an approximate half-1ift entry profile into
the Atlantic Discrete Recovery Area. These aborts
are nominally possible at any time after the rode il
( ) region until' EPO insertion.

The COl modes consist of:

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

b) Early S§-1I/S-1VB 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 §-Ii malfunc-
tions do not permit continued S-II 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 5-IVB is capable of achieving nominal insertion.

¢} Mode IV which permits the crew to fly the CSM into a
safe orbit (hp > 75 nautical miles). This SPS posi-
grade maneuver can nominally be executed at any time
after 9 minutes 1 second g. e.t., until EPO insertion.

e e A e e AR b e et e
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d) Apogee kick mode (AK) which utilizes a posigrade SFS

burn at apogee to raise perigee altitude to 75 nautical
miles.,

The COl maneuvers are prime whenever the capability for their exes

cution exists, Figure 3} describes the avallability of each abort mode and
contingency maneuver, A detailed discussion of these abort and COI pro-
cedures and monitoring techniques may be found in Reference f,

()




3. EPO CONTINGENCY PROCEDURES

EPO contingency procedures consist of monitoring critical SC sys-
terns and those LV .yotenris required for TLI in order to determine whether
or not to proceed with the TLI phase, In the event TLI is no go, the fol-
lowing alternatives are available;

a) .Exe'cution of potential alternate mission

b) Premature earth entry at some time during EPO,
Depending on the time criticality of the malfunction
which precludes TLI, the entry could be required
immediately or within a time frame sufficient to
land in a planned recovery area. Detailed retro-
fire and entry procedures are presented in
Reference 10 for the C-prime (earth orbit) D, F,
and G missions, In the event of a critical SP5S
failure or unusable SPS propulsion system, the
reaction control system (RCS) propulsion system
can be employed as a backup deorbdit technique,
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4. TLI THROUGH TD¢E CONTINGENCY PROCEDURES

The TLI burn injects the S-IVB/IU/CSM/LM onto & free-return
translunar trajectory, nominally, on the secornd EPO revolution, .
Contingency studies have shown that {f the TLI burn s completed within
established attitude and attitude rate limits, alternate mission capabilities
are enhanced without endangeririg the crew, Since there is little pouiblllty‘
of a catastrophic CSM failure that would require an immediate 5-1VB engine
shutdown followed by a time-critical aboit, any decision to return to earth
because of degrading spacecraft systems performance can be made more
reliably after TLI with MCC-H sxipport. Consequently, a decision has been
made to no longer consider the 10-miaute abort mode (Reference 11),

Because MSFN tracking is not always available during TLI, the crew
must be able to monitor and evaluate TLY without ground support.
Translunar injection burn monitoring procedures are presented in Figure 4
where primary and backup monitering techniques and limits are defined,
(Detailed information is provided in References 2 and 5.) Onboard tabular
dat_a‘are provided, similar to that shown in Table 1, to monitor the burn
(Reference 12}, These data consist of pad-:eferenced pitch-and yaw-gimbal
angles, inertial velocity, and altituds and altitude rate 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-1VB ehgine. Manual shutdown wil? also
occur if attitude rates greater than + I‘O 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 nominal cutoff does not occur
(Figure 4). | ‘

The foregoing discussion is related to 5-1VB problems and does not
require an abort, The TLI plus 90 minute and lift-off plus 8-hour abort
modes prm:.ride for return to earth should spacecraft systems problems be
identified during the TL! burn or post TLI through TDAE. Th_erefore. the
contingency procedures applicable from TLI ignition through TD&E are:




a) Crew takeover and manual completion ¢of the TLI burn
if LY Guide Light Yights; or If attitude or attitude rate )
Bmits are exceeded, manual shutdown of S-1VB engine,

An aliernate mission would result for a premature
manual S-1¥B shutdown,

b) TLI plus 90-minute abort mode; return to carth because
of spacecraft systems problems idantified during TLI or
after TLI through TLI plus 25 mirutns, Return solution
is based on onboard block data (provides first guess for
P37) if no-volce or MCC -H with communlcations,

c) LAft-off plus 8-hour abort mode; return to earth because
of spacecraft systems nroblems or loss of communications
during period from TLI plus 25 minutes through TD&E,
A failure of the IU does not rule cut TLL, An S$T-124 inertial plat-
form located in the 1U is used as the inertial attitude reference during the
TLI burn. The outputs from the platform are monitored by the launch vehi-
cle digital computer {(LLVDC) and are tested for reasonableness, '
Successive failures of the reasonableness test will cause the LVDC to issue
the last commands repetitiously to the end of TLL. The LV Guide Light in
the CSM will also light. Should this light corae on prior to TLI, the crew
will flip the JU/CMC switch to the CMC position and begin preparations for E )
manual completion of the TLI burn, This is accomplished by torquing the
flight director attitude indicator (FDAI-1 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 indicztor. The burn is monitored with FDAI-2 and CM
display and keyboard {(DJXY) 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 2% If the light comes on during the
TLI burn, the crew will flip the IU/CMC switch to the CMC position and
takeover and manually complete the remaining portion of the burn.

It is possible for the I¥ to fail and the LV Guide Light to remain -
dark. Just prior to TLI ignition, thiz would be detected by the preignition
burn attitude check, and TLI ignition would be inhibited, If this happens
during TLL, and FDAI indicated attitudes or rates exceed specified limits,
the §-IVB will be shutdown manually. An alternate mission will then be
determined in real time, }
.

10
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. The TLI plus 90-minute abort mode is designed to return the spaze-
J: craft to a contingency landing avea; with a return flight time of 18 hours or

less. An evaluation of spacecraft systeme {s made after TLI and a
go/no-go decision is made at TLI plus 25 minutes as to whether or not an
abort will be executed, If an abort maneuver s required, MCC-H trans-
mits a solutlon (if required) at TLI plus 60 minutes that updates the pre-
TLI block data solution (Table 4). If communication with MCG-H is not %
possible, the pre-TLI block data solution will be used as first guess input I
to the Return-to-Earth Targeting Program (P37). The following abort
sequence §s initiated at TLI plus 25 minutes by turning the THC counter- |
clockwise (Reference £3), '

Digital Event Timer (DET)

{hr:min:sec) Event
00:00:00 : The translational hand controller

(THC) is turned counterclockwise,
initiating CSM/S-IVB separation. The
four +X RCS jets are turned on,

00:00:03 CSM/S-IVB separation occurs,

( ) 00:00:43 The four +X RCS jets are turned off;
and the crew begins pitching up (+X
down} to -r {down the radius vector
using the earth as the visual refer-
ence to determine -r.

00:01:00 The {four -X RCS jets are turned on to
initiate an evasive maneuver to pro-
vide clearance between the CSM and
S-IVB for the abort maneuver.

00:01:08 The four -X RCS jets are turned off
and the crew begins maneuvering to
abort maneuver thrusting attitude,

A —————— e bt w8 r e s

01:05:00 SPS ignition (fixed inertial attitude
{Equivalent Impulsive, TIG) retro burn}

Detailed TLI plus 90-minute procedures are presented in Figure 5.

it




In the event that voice cdmmunigatioris are lost after TLI plue ! )
25 minutes and TDSE cannot be accomplished, the crew will prepare to
execute a lft-off plus 8-hour abort maneuver. This maneuver 18 executed

following the nominal CSM separation sequence and results in a return to

a contingency landing area, A P37 solution (Table 5) Is passed to the crew

during EPO (assuming a nominal TLI burn} and, if required, is updated by !
MCC-H at TLI plus 60 minutes. In any event, the transmitted solution is
used as a first guess to recompute the solution using P37,
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5. TLC CONTINGENCY PROCEDURES

If it 1s determined by MCC-H and the crew that an abort maneuver
should be performed during TLZ, MCC-H will provide the solution and
specify the configuration and propulsion system to be used, Because a
number of options are avallable, a real-time assessment of the contingency
situation is required to select the best return mode for the particular sity-
atlon. Sufficlent time exists to make an_évaluatlon since long return trip
times are unavoldable. Nominally, the maneuver will be performed in the
external AV mode, although it could be executed tn the stabllization control
system (SCS5) auto mode In the CSM or a nianual mode in the LM,

Possible return options, as shown in Flgure 2, ares

a) Lunar flyby targeted to the Mid Paclfic Landing Area
(MPL) of the prime contingency landing area (CLA)
with perleynthian aftitude between 60 and (500 nautl-
cal mites (Reference 14), and performed at LOL minus
5 houts (option generally used in a non-time critical
situation).

b)  Perleynthian Eauage plus 2+ hour abort targeted to
any GLA, (This option 18 generally used to perform a
docked abort maneuver after 60 hours goe.t. topros
vide a minlmum time return. The entry velocity cons
straint of 37,500 feet per second defines the minlmum
return timae),

¢) Direct return targeted to a CLA (option provides a
minlmum retutn time for aborts initiated prior to 60
hours g.e.t,)
Direct returns will usually be performed undocked, while elreums

lunar returns will nctude the LM,

Duting translunar coast, MCC+H will perlodically provide block data
abort solutions to the crew for use should communlcations In both the CSM
and LM be lost. Since this sftuation {s somewhat remote, a minimum
number of solutions are provided, and where posilble, a mialmum amount
of data are transmitted as shown in Table 6. While outslde of the lunar
sphere of influence, where P3? can be used to compute dlrect returna,

(B}



only first guess information is provided (Table 5). Inside the sphere
prior to LOI, tiwo block data solutions (Table 4) are provided. As shown
in Table &, they are:

a) A nonstime critical, lunar flyby solution ta:'rgeted toa
prime GLA and executed at LOI minus 5 hours,

b) A fast return solutlon targetéd to a CLA and executed
at perleynthian passage plus 2 hours,

Figure 6 shows the TLG abort precedures,

SPS and docked ﬁPS abort burn rﬁonitdﬂhg prdcedurea are deseribed
in Flgures 7 and 8, respectively,.

For direct return aborts with the CSM alone, the LM separation pto-
cedure I8 as follows

a) Orient the CSM +4X axis 180 degrees away from the
abort directlon {#X axis up the radius vector).

b)  Execute LM jettlaon and perform CSM =X RCS trans-
lation for a net separation velocity of 1. 0 foot per
second,

¢) Coast for 30 minutes, orlent to the abort attitude,

d) Perform the $P5 abort maneuver,

)




6. LOI AND LUNAR ORBIT CONTINGENCY PROCEDURES

The LOI maneuver transfers the CSM/LM from the non-free return
transtunar trajectory to a 60- by 170-nautical mile lunar orbit {LO1) and
after approiclmately two revolutions, a second SPS burn (DO1) produces an
8- by £0-nautical mile lunar orbit, (The contingency procedures relating
to the DO1 burn are not discussed hereln but are detalled in Reference 15.)
Since the LOI burn occurs behind the moon, the crew must be able to mon-
itor and evaluate the burn without ground support. Flgure 7 defines the
realstime declsfon logie for use In monitoring the SPS, GAN, and critieal
spacecralt systems. In addition, {t defines the manual SPS shutdown logle
when a contingency 1s identified by the monltoring precedures, The burn
rrioﬂltdrlﬁg procedures are similar to those for TLI in that the prime
objective I8 to complete the LOI burn so long as attitude and attitude rate
Hmits are not violated. The attitude and attitude rate and SPS shutdown
monitoting rationale is discussed in detall In References 3 and 16. The
SPS system monltoring portion is presented to indicate when LOI aborts
(and TE! aborts discussed in Sectlon 7) would be initiated. Generally, the

( _ } bura monitoring logic s applicable for all major SPS burna including vars
lous 8PS abort maneuvers which may oceur during TLC 6r TEC.

Four possible contingency areas have been Idertified for an SPS
burnay

a) CGuldance and controlt platform misalignment, delft,
ete, ;
!

b} Non-8P8 relatedi ECS, EPS, etc.

¢) SP3 relatedt sustained pressure decay, low chamber
pressure, large pressure differential between fuel
and oxidieer tanks, ete,

d) Inadvertent 813 shutdowns all contingencies which can
be identified with ah SPS fallure however remote,

If OAN problems result In violation of the preignition attltude eleck
LO1 {8 no go; {f attitude or attitude rate limits {10 degrees and 10 degrees
per second, respectively, excluding start translents) are violated during

15



the burn, crev-v takeover and completion of the burn (at the nominal {gnition
attitude) ts accomplished under SGS control (Figure 7).

For non-5PS related problema that might develop during 1.01, the
procedure is to complete the burn and, after establishing contact with
MCC-H, jointly assess the situation.

Manual shutdown for SPS related problems (Reference 17) would
occur during the first 105 seconds or the last 128 seconds of the LO} burn
if SPS operating limits that permit a subsequent burn (tight limits) are
exceeded, Between 105 seconds and 228 lecéﬁds. manual shutdewn woutd
oceur 6nly if the SPS operating limits that do not permit a subsequent burn
{loose limits) are exceeded. Tight and loose limits are defined by the mia-
slon rules as

Tight Limitas

¢ Loas of one GN2 tank pressure (less than 1500 bsla)
associated with a decay In the other

® Delta pressure between fuel and oxidizer greater than
20 pafa {confirmed by low chamber pressure)

¢ SPS propellant tank pressire less than 160 pala {con-
firmed by low chamber presaure)

’ Charhber pressure less than 80 pela or dacay of
10 pala during bura

¢ Any ball valves that fall to open or close prematurely
(verlfy by shutting geod tank off)

loose Limits
¢ Chamber pressure less than 70 pala

¢ Propellant tank preasure leas than 1185 pata (confirmed
by chamber pressure) )

¢ Physlologleal indication of problems

tf manual shutdown 18 necessary, an LOt abort will be executed,
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. Should an inadvertent SPS shutdown 6¢cur, a restart will be
attempted. If unsuccessful, an LOI abort will be executed,

Return-to-earth abort procedures, using .LM propulsion as a backup
to the 5PS, are shown In the LO1 Abort Flow Chart {Figure 8} and are
summarized in the following tables '

LOL) Butn . : Titne of
Dutatisa Absrt  Propulalea Number of QN Soutce of Retutn Ignitien
{see) Meode Sydtern Dutns Made Solatich Targes* (h1}
0. 103 [ bPs i PoNCS MEE-H MPL  LONION $2.6
108 « 110 i bps t  inponcs MECH a4 LOtiaN + 2.0
nd PONCS MCEH MPL RTCC OETI
110 = tes Lt bps . 1 PONCS MEC.H MPL RICS GETI

Modes 1, 1l, and il are the standard LO1 abort modes:

a) Model - A single<impulse, returnsto-earth maAneus
ver normally executed 2 houra after a pres
mature LOI shutdown, The preabort, moons
centered orbit 1s hyperbolle,

b) Mode If = A twosimpulse maneuver with the firat exes
cuted 2 hours after a premature LO! shuts
down, to provide a stable lunar orbit with a
perleynthlan altitude of at least 40 nautical
miles. The second maneuver occurs some
15 to 40 hours later and Injects the spaces
craft on return trajectory,

¢) Mode 11l « A singlaaimpulse, return«tosearth maney.
ver executed some 2 to 15 hours after a pres
mature LOI shutdswn, The preabort orblt fe
a atable lunar ellipse,

1t required for circumtunar aborts, an SPS burn will be executed to ralse
perieynthian altitude to at least 40 nautlcal miles, Also, the return maAneys
ver will be targeted to a CLA where poastble, At minlmum, returns witl
be constrained to water landings,

**corrective maneuver RealsTime Computer cdmglex (RTCC) apecitied
AV targeted down the radius vector to produce a stable tunar orbit with
perlcynthian altitude 2 40 nautical miles,
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In addition to the more famillar mode I, 11, and 1l abort modes,
Reference 18 describes additional abort modes which may, for.certain

trajectories, be required to provide continuous abort capability during
LOL.

Burn monitoring procedures for docked DPS abort burns under

PGNCS control are presented In Figure 9. Similar {nformation for mani-

ally executed DPS and APS docked maneuvers {8 presented in Figure 10,

Just prior to LOI and during tunar orbit (before LM separation and
after rendezvous), MCC-+H will periodically 'provide blaock data solutions
{premature TEL sdlutléna) to the crew should corﬁ.nilunlcatidﬁs in both the
CSM and LM be lost. Since this situation 18 extremely remote, a mini-
mum amount of data are transmitied as shown in Table 6. The crew uses
the abort message pad shown n Table 4 to record these block data solu-
tions which would be used only if communications with MCC-H were lost,

Separation procedures for jettisoning either the total LM or LM
ascent stage durlng lunar orbit are;

a) Orlent the CSM +X-axis along the posigrade local
horizontal

b)) Perform LM jeulsdn

¢) Perform €SM <X translation retrograde for a net
veloeity Increment of 1. 0 fool per second

d}  Coast for at teast 30 mlnutes {preferably 1 hour) to TEL
e) Execute TEIL

When the LM {5 retained after a mode 1, 11, or I11 abort, the LM is
jettisoned durlng TEG prior to 3 hours before reaching entry interface,
uaing the following techniguer

a) Otrlent the GS5M 4X axis along the posigrade local horls
eontal (earth reference)

b) Perform CSM +X RCS tranalation posigrade Lo target
for & 70«nautical mile vacuum perigee

¢) Execute LM jettizon

d}  Perform «X RCS translation retrograde to null the
first CSM maneuver and thus téwer vacuum perlgee,
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7. TEl AND TEC CONTINGENCY PROCEDURES

The TEl nmianeuver la a crmcal SPS burn in that {t has no backup and
{s mandator)' for return to earth, Therefore, the primary objective is to
complete the burn if at all posaible. Sinee TEI also occurs behind the
moon, the erew must be able to"rﬁonitor and evaluate the burna without :
ground support, Consequently. the burn monitor proceduaea, discussed in
Sectlon 6 and shown in Figure 7, apply to the TE! burn, It is ~emphasized
that manual shutdown will tiot be Initiated for any CSM syatema problems
since completion of the burn ls mandatory, Guldance, navigation, and
cotitrol problems which 'produce violatlo:: of attitude or attitude rate l1imtts,
result in crew takeover and completlon of the burn {at TEI fgnition attitude)
under SCS control, The crew will manually terminate the burn at nominal
cutoff plus 2 seconds, provided the EMS AV counter Indleates that the
desired AV has been applled. Should an inadvertent SP$ shutdown occur,

a restart will be made within 30 seconds. I a restart 18 not posaible
wlthln this parlod, the crew wiAll recelve a solution from MCC. H after
communications are reestablished.

The options available for inadvertent SPS shu:downs during TE! are
presented in Figure 1. These options assume an operable GNCS although
an abort maneuver could be executed in one of the SCS modes, The abort
modes applicable to TEL are)

TEL Burn Duration

et et e

e {8ee) Abort Mode Comments
080 1t RTCC computed external AY solution !

targeted to a water landing or MP,

80 - 96 1t Two maneuvers: first maneuver exee- 1
uted as soon as foulble to achleve a
stable lunar érbity second mareuver tars
geted to a water hndlng or MPL., Both
are external AY solutions computed by
the RTCC,

e e A, .
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TEi Burn Duration ‘ n _
{sec) Abort Mode Comments

121 « Injection ' 1 - RTCGC computed external AV solution

targeted to a water landing or MPL,
Maneuver executed as soon as possible.
Should communications be lost during [unar orbit, the block data
sclutions discussed in Section & would be used for the TEL solution, if
communications are 1ot after TEL, P37 can be used to compute any necea-
sary maneuvers once the lunar sphere 18 exited,

Aborts during TEC would be {nitiated only L. a shorter flight time was
required because of degrading 1ifc suppért systems., Any required solution
would hormally be provided by MCG-H, or if communlcations were lost,
P37 could be used.

20
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8. NAVIGATION

The baslc ground rule is for MCC-H to provide the navigation functlon
as long as communications are maintalned with the spacecraft, If com-
municatione are lost, the navigauon function must be performed onboard in
accordance w.th an appropriate navigation schedule, Midcourse correc-
tions will be perisrmed under GNCS eontrol using the external AY mode
and a P37 solution, ‘the typlcal program sequence around a MGG will be
P52, P23, P37, P40(41), and P23 as shown in Figure 12, After the burn H
and before P23 1a called, the GMP will transfer tha CSM state vector to the !
LM slots (V66), This will ensure a redundant state vector onboard in the
event that the atate vactor In the CSM slots (s destroyed,

Onboard navigation procedures are discusaed {n detall In Appendix A
{Reference 19), Typical onboard data conslsting of sighting schedules and
star avallability crew charts are included for the folloivlng
ho.communications contingencles (a complete set of onboard data Is pre-
sented In Reference is):

a)  Lifte6ff pius Bahour returnsto-earth abort maneuver
from tranll-ma- coast

b) Return-tooenrth abort maneuvers fron lunatr orbit

¢) Nominal transearth coant (nominal lunar atay time)

In additien, general procedures and rules are defined to facilltate onboard
navigation should a situation devetop that {a not npeciﬂcally covered by the
onboard data, A summary of sextant constraints relating to navigation
sightlngo is also Ineluded,
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Table 1. Typical TLI Burn Monitor Crew Gharts

N
SIVE TLI - NOMINAL
November 14, 1969 AZ TZ°
FIRST OPPORTUNITY
3 Y DET v, H H
59 1.0 [0:00 [ 25559 | o 106 |
56 =2.0 | 0=30 26116 | 24 106
5. | 0.0 1200 | 26727 | 85 | toe
54 2.5 1130 | 21385 | 208 to7 |
53 3.0 |2:00 | 28092 | 399 108
~ 53 . 6.8 | 2-30 28903 681 11t
bt 52 8.7 [3:00 | 29754 | 057 | 125 ]
51 10.6 [ 3:30 | 30649 ) 1534 | 122
50 1Z.5 (1 4:00 | 32594 ) 2122 | 132
48 14.3 1430 ) 32595 | 2819 | 143}
36 15.9 | 5:€0 | 33664 | 3633 | 159
41 7.6 §15:30 ) 34319 | 45356 | 179
41 27.5 544 | 35426 | 5026 | 190}

SIVE TLI - MANUAL

November 14, 1969 AZ T2°

FIRST OPPORTUNITY:

g ¥ DET v, H H
57 | 8.0 |0:00 | 25559 | o 106
56 | 8.0.]{0:30 | 26116 | 24 106
55 | 8.0 [1-00 | 26727 | 85 106
54 | 80 |1:30 | 27364 | 206 . | 107
53 8.0 |2:00 | 28092 { 399 108
52 | 8.0 [2:30.| 28903 .| 681 111
5t 8.0 |3:00. | 29754 | 1057 | 115
50 8.0 |3:30 | 30649 | 1534 | 12z
49 | 8.0 |4:00 | 3t59¢ | zizz | 131
48 | 8.0 |4-30 | 32595 | 2819 [ 143
lar 1 8.0 |s-00 | 33668 | 3633 | 159
45 | 8.0 1530 | 34819 | 4536 | 179

45 8.0 | 5:44 | 35426 | 5026
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Table 2. TLI Message Pad

LN

Xl X L] | TeéP
X[ X% XXX R .
XXX XXX P T
XIX|X XI%|X Y
X|X| X X|X|X ]81

AVC
+ 4 vl
X|X|X XXX R
XXX XXX P SEP
X|X]| X XIX|% Y
X[X]|X XXX R
XXX XXX P EXTRACHON
XXX XXX Y
COMMENTS

Table 2 Notes
TB6p 18 the predicted time the 811 Second Plane Separation Light will
go oul {TB6 + 37 seconds) (MSFC provides data)

R, P, Y are the predicted spaceeraft IMU gimbal angles at T11
jgnition (dep).

¢ BT I the predicted duration of the TLI burn, (MSFOC provides data)

AVC! {8 the value set into the EMS AV counter which Includes pre-
dicted longitudinal AV plus tailoff {fpa). (MSFC provides dauip

R, P, ¥ SEP are the predicted leaceerm IMU gimbal angles at the
post+TLL separation attitude (S-1VH cutoff + 18 mlnutes),

R, Py ¥ EXTHAGTION are the IMU glmbal angles to perform LM
extraction,
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Table 3, TLI Backup Guidance Procedures

TBS KEY V468
LV aUID - cMC
"~ ORDEAL ALT = 300 NM
EARTH/LUNAR = LUNAR
* MANEUVER LV TO START ATT!
. R =1809% P=2107,9% Y =20°  (1st OPD)
KEY V16 N20E (DSKY R2 = 107, 9°,
NULL LV RATES
ORDEAL FDAL §1 = ORB RATE
ORDEAL MODE - FAST/HOLD
SLEW FDAIL $1 TO p = 00
INSURE 82 = 107, 9°)
CMC TB6 LOAD
. VIbE
V25 NMIE
LOAD GET of TH6
V25 N2¢E (LOAD Ri, R2, R3)

VIOE
F 06 34 (TIME FROM TB6)

TBE S« SEP LT - ON

VI7E 00
51;00 5«11 SEP LT « OFF .

B START DET COUNTING UP FROM 51100
57:00 ﬁzno'i: VITE 41E, CHECK BIAS
: INSURE FDAL #1 P = 0% & R2 = 107, 9%, H) = 0°

57120 ORDEAL MODE - OPERATE/SLOW

(STARTS ORDEAL TORQUING)
£8120 EMS MODE « NORMAL
£8136 S«11 SEP LT = ON
88138 LV ULLAGE START
£9142 8+11 SEP LT » OFF (IGN « 18 SEC)
£9152 SIVB FUEL LEAD
§9:88 LY ULLAOE TERMINATES
59189 ENG #1 LT « ON
00:00 1GNITION
00:02 ENO #1 LT - OFF

FLY Pe 09 ¥+ 4°

N 628 .
05:45 (1at) CUTOFF ON PAD VI
05129 (2nd) LY STAGE Sw « Stt/s81vh

*The times and angles shown are only typleal of thoae for the He2
misston, :

i P20, P23, Pix, Pix, Péx or Px {s inadvertently called prlor to
TB6, manual TBE must be used,
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Table 4,

P30 MANEUVER

Typical P20 Message Pad

SET STARS

RALIGN ..
PALIGN —
YALIGN —

ULLAGE

PURPOSE
PROP/GUID

WI N4z

Pra N48

Yrrim

Clo oo

olo|ojo|o

HRS  GETI
MIN - N33
SEC

vy N8I
AVY
AVZ

>
a3

>

XK

HA N44

HORIZONAWINDOW

o

P37 FOR L/O +8

XK x|+ | xX]x]| x|+

t

GETI

O XXX

aAVT

LAT  NéI
LONG

LONG

e

GET 400k | +

RTGO EMS
VIO

GET 0.05G

26
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Table 4 Notes

PURPOSE is the name of the maneuver
PROP/GUID is propulsio and guidance selected (SPS/PJO)
WT is the CSM weight (Ib) '

PTRIM and . [ rJM are respectively the pitch and ya\v trim SPS gimbal

angles (deg)
GETI is the time of fgnition

Av,f. AVy, AV, are the P30 velocity to be gained components in local
vertical coordinates (tps) \

R, P, Y are the IMU gimbal angles at the time of ignition for the abort
maneuver (deg)

Hp, Hp are the altitude of apogee and perigee, respectively above
launch'pad radius (n mi) .

AVT is the total inertial velocity impulse (fps)

'BT is the burn time {min:sec)

AVC is the EMS AV counter input

SfiTS is the sextant star to be used for the abort ignition attitude check
SFT is the sextant shaff angle for the SXTS (deg)

TRN is the sextant trunnion angle for the SXTS (deg)

BSS is the boresight star for an ignition attitude check using the COAS
{25 required) .

SPS is the BSS pitch angle {(COAS) (as required) {deg)
SXP is the BSS X position {COAS} (as required) (deg)

LAT and LONG are, respectively, the latitude and longitude of the
resultant landing point following the abort maneuver {deg) ‘

RTGO is the range to go for the entry maneuver (EMS) {n mi)
YIO is the EMS inertial vélocitg} for the entry maneuver (fps)

GET .05 g is the estimated ground elapsed time to the 0, 05 g level of
acceleration for the entry manecuver (hr:min:sec)

P37 for L/O + 8 i5 a P37 first guess for the lift-off plus 8-hour abort,
27
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Table §, Typical P37 Pad

P37 BLOCK DATA
GET) (HR:MIN)
X X avI
X X LONG
: GH4001< (HR:M1N)
Gtll (HR:MIN)
X X avl :
X ¥ LONG
GEI4Q°K {HR:MIN)
GETI (HR:MTN}
X X avY '
X X LONG .
GET 400k (HR:MIN)
GErt (HR:MIN)
X X VT
X X LONG
GE'_{_QQ}( (HR:MIN)
GETI (HR:MIN}
X X avl
X ) LONG
GET 00 (HR:MIN)
GETi {(HR:MIN)
X X avi
X X LONG
GEI400K (HR:MIN)
] GETI {HR:MIN)
X x L\ |
X X LONG
GE'400K (HR:MIIN)

28
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Table 6. Translunar Coast and Lunar Phase Block Data
Time of : GET] of
Bluck Data : Abort .
Tranemtssjon Description of Mansuver of Data Raturn .
M [hrgmin. g.e t.}) Block Data fhemmin, .=t} - T ransmitted Mode
140 TL1 + 90 MIN 4111 Camplete P30 Pad* Dirwct to AOL
: LO+8 8100 PIT Pades Direct to MPL
600 LO 15 (W/O MCCat) 15:00
12:30 LO+25. 25100
LO + 35 (W/MCC-2) 35100 °
LO + 45 45100
LO + 60 T 60400
35100 LOI = 5 FLYBY. 72125 Comphta P30 Pad Circumlunar to MP1L.
110 BC + 2 {W/MCC=4}) 79:28 Fartial P30 Padees . Direct w MPL,
T4:30 TEI 1 (W/LOD . Th4et Circumlunar to MPL,
TEL +{W/0 TOT) ¢/ B6LOB
80155 TELS {W/DOI) 87133
B4:10 . OTEI N 98148
95145 ‘TEI 36 145,54
144120 TEI 40 . 155409
. - v
153110 TE] 42 159135
158140 TEl 44 - 163133
164305 TEI 46 167130 1
164150 TEL 46 (NominalePreliminary 167130 Complete P30 Pad
thé:10 TEL 46 (NominaieFinal) 16T:30
TEI 47 169128 Partial PI0 PAD *

*Sas Table 4, ]
IM‘Soe Table 5% (Spacecraft waight and SP5 angine pitch . and yaweirim angles added as a comment of firet paad}

"““Only GETL, avy. av,, av,, pitchegimbal angle will be provided (spacecraft waight and SIS angine pitche and
yawetrim angles provided on first pad and updated only if ry} )




MISSION CONTINGENCY
PHASE FROCEDURE OPTIONS
MSA;NUAL COMPLETION
LAUNCH Col
PHASE MODE | LANNCH ABORT
- MODE |1 LAUNCH ABORT
MODE 11l LAUNCH ABORT
BP0 ALTERNATE MISSION
PHASE PREMATURE ENTRY
TLI PHASE - ‘
(THROUGH MANUAL COMPLETION
TRANSPOSITION, ALTERNATE MISSION
" POCKING AND - TLI + 90 MIN TLC ABORT
D [ EXTRAGTION ) LIFTOFF + 8 HR TLC ABORT
WM EXTRACTION)
TLC ALTERNATE MISSION
PHASE TLC ABORT
MANUAL COMPLETION -
ALTERNATE MISSION
MODE | LOJ] ABORT
MODE ) LOI ABORT
LUNAR MODE |1l LOI ABORT
PHASE PREMATURE TE|
MANUAL COMPLETION
TEl MOBDE Il TEl ARORT
PHASE MODE Il TE| ABORT

MODE | TEI ABORT

Figur.e 1. Overall Mission H-2 Contingency Procedure Options




. 3 s
P T L Rk s SE R S S S BRI AT A Lok ind . A LE
fanry Ly wand ' R U 2R Y] ™w > Tl Ul CoAST u
] i[ l .
] :
L] 4
L ! il T
vvg TR i (i
i i HIE E
15 ¢ i s t '
is ¢ 5 RN A8 H 11 1R E
| BEJ | T ¥ LI L L] LI L ' L] ’ ¥ ;
h ! !hl Ei y :I 1 ; 8l ; d!I!l I;I :I:I il EI El H| ! £
g8 @ z s0Es  §y § 1 £ o . .
{1 ur ) |f| T HH HEHEH TR HE i
[ L a1 1 i B [l ; L '] -
l L LE ] ¥ L)
'ili +x tn hi:‘m: Fotumi ! ! e
L ] L) | ] I l ¥ L]
L '] L '] L
ettrion :gs'u‘nﬁ : it Lht-l - . ST A TERMTE TSI bl
3 J T ] T
A KT PL. ﬂ.'l'
Moar Jrevp—— Armare RUK N e O 8 wy T8 par o
L & Litel] ] [XTCE 0n aLicx ura) ‘T oy mﬂ WLOCK DATR) l '
T Ll 1
BN BT e LA o o (NTCE) et 11 s
I (ﬂxuru) vz on won oaTal ot Lozt (BRE o0 WLOCK QATR) ey
i L L I
i T T mesray e | anavanm | o
HH ) T 1
| oty gl WA by ! |
| ]
1 a3 moRT OFS KT PG s B TO MY CLA (NTXE OB MLOCK TATA) ;'1;
Sremm R
T B a




ot A

i gt - I D 0] . S Spp—— 1] m-—-—-_-,.-L-u--#nm--
L] L]
¥ [)
g N ' =
- £, 3 P omntp— E . €
: T T b
j ; ST 1
3 s§5r I EEESEREES i i
— ] ll ll El' L g YT T YrTry !l T T
' ﬁl g] 2l £l H| ;lgt#al ”ldslilﬂil::lgl.l 4| !E_l (I B
b . = H . i
& HIE ‘el HHIA |§1 HEHY | Hd g ii i
| != !: != =|1+ TE NN NN : EE;* ]
I e ps - Lk Wum
i L ¥ L] L} LI
] 1 3 ] L
LIt ) A, Cowrl T AN NI WAL ST
- J ' ] n
(e ! arn s oo
. f N
l e s e g s e o by ik G (KTXE) | 0’ Bt
|
e S o e
giﬁf&f’:‘lﬂ?nﬁ) | %'(’ng n&'&'fﬂ] :Eﬂl'ngc'l
|
: A
(0% o wLK ey r.rs
.E&:”)ﬁl'mm-.vmm s
Figure 2. OQOverall Mission H-2
Contingency Procedures
Timeline
33




|3

T e et e

Y
b .
I rrivory capraILITY # sacxe caprBILITY
LIFT-0FF .
-06:00 s#‘cxs-n $-11/5-1VB S=IVB CUTOFF
MAX Q  STAGING STAGING SIGNAL
SUBORBITAL ABORT 01:25 02:46 LET JETTISON 09:19  TM:e
: A | 320 ! {msesrion
00:4z | o1is7 hyass
MODE 1 -~ | 1
LET ABORT - 70 CoI|70 ORBIT I '
: R T B | 05:45 [06:35- I q0:02 - I
! I | "
MODE 11
NG SPS | | ’ 1
FULL LIFT ENTRY I B A i
| | I i 1
MODE 111 i b 1
SPS RETRO | | !
HALF LIFT ENTRY ! 1 i I
| 11 } III
CONTINGENCY ORBIT l I I -0 |
CAPRBILITY I i j 2Vip " O S 1
i [ i1
EARLY S-IVB I I 1 1 (]}
STAGING CAPABILITY | I 11
i t 1 o:01!  vo:u i
MODE IV MANUAL ; bl ]
SPS POSIGRADE ] 1 1 I
;. = 90 SECONDS | I !
16 | ,
i 1o : §
MODE_IV INERTIAL ! 11 {
SPS POSIGRADE ] 1 i ¥
tIG = 125 SECONDS | | 1 I ' . . | 1,
© D00 2:00 4:00 6:00 8:00 ~10:00 12:00

GROUND ELAPSED TIME OF ABORT (MIN)

Figure 3. Typical Launch Abort and Contingency Maneuver Availability Chart
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Figure 7. SPS Burn Monitor Flow Chart (Continued}
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Docked DPS Abort Burn Monitor Flow Chart

Figure 9.

44




{ I .
i

| gl
| Inr I
” “_ , ._.._ . _“r,_. :rm
T |
e e : __

lll'lll!lll]ll'll'lll.[..ll.ll.'

T

45

LY
4

ed

Figure 9. Docked DPS Abor: Burn Monitor Flow Chart (Cexti

—



bid

(

P L
A U, TR MO
- .
SR S W e
VT S P
emm . e
S SRS P, R
RN ShATR
“‘ L1 T) N
| 4
Figure 9. Docked DPS Abort Burn Monitor Flow Chart {Conﬁ.nned)
‘ -
. . S’
I -




it

b i

€O

L

- Pl SO + Ay 3

- PRAE A o WP e Wil A

- TO=MUs 3C Mkl
PO ARR AT ATNRIDE = b DG AL AL
AR NATE R IIG 0T = AL Woanl

LS
-~

AEIARE M Lae COMMOL .

bo HROPRLE RO Ml

2, mt-mmnmm@n‘»
Ak SO SILECT W00 AP MDD

- Adpn

Figure 10. Manval DPS aad APS Docked Burn Procedures

h




S e

Figure 10. Manual DPS and APS Docked Burn

13

Procedures (Continued)




Pig
il

m..._m,

i
sk
_m_mm

UHHHH

du A d dd R

ARSEY SOAVTION

I WARDR IR T MWD
Arv e

3 ST AT v 1o A

4. AELICT RO M DNiCHTY SPS

V. MLICT PP s COwYYE

IMECUTE MECS WiTW PYP
LUTFONE T DRI TON

LS
&

-o
| ]

N A Lds

:
]

49

f.

TEX Abort Flow Chart

Figure 11.




0%

Fid

. nag » froe s
W CORBAET N AR Jn /Al iiLE AT PP Yol OF LATIR UV, B =T wak

Figure 12. Typical MCC and Navigation Sighting Soquence

o caw G : o
- Do - it Ay ore - bi
r4 . A
4 L 1 ¥
2 ~ — »
v r—. A UGHTINGS
[ et oG
L e L W~ o
-~
O - [, 4
O Sy O MG

¢




( APPENDIX A
i - .
- LOSS OF COMMUNICATIONS NAVIGATION PROCEDURES

1. Onboard Na\rigatl'dn afier a Lift-off Plus 8-Hour Abort Maneuver From
Translunar Coast _

A. Perform the abort burn,

+ B, Reinitialize the W matrix, tse extended verb 67 and at
the YO6N99 display, load:

R1 + 80000 (80,000 feet)

R2 400070 (7.0 feet par gecond)

R3 + 00003 {Cislunar Navigatlon Code)

C. Determine the raturn trip time and look at the corre-
sponding table for the sighting schedule to be followed,
For all return trip times less than 20 hours, Schedule §
(Table A-1)* should be used, For all return trip times
greale; than 20 hours, Schedule 2 {Table A-2)* should
& used,

D, Times glven for each bateh of data are referenced to entry
i ( \ interface. {P37 may be used to determine the time
teferance,)

E, Start tracking with the first bateh of data following the curs |
rent time, : ‘

F. Calibrate optics at the beglaning of each bateh and every
half hour while navigation &l hilngs are In progress, The
next sextant calibration will be repeated untll Agreement
of at least two checks (not necessarily sequential ones) are

within | bit {0,003 degree),

a. liarge AR, AV values may be expected at the folldwlng
timaess

1, At the Inltiation of tracking {the first mark on each
star of the first bateh of data taken),

2. After a long period of no sightings,

( ) *these tables are typleal of the ones carried by the crew} the data
shown are not necessatlly those for the He2 misslon.
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3, During the last 6 hours before ontry interface.

If a large state.vector correction (greater than 50 nautical
miles in position and 50 feet per second in velocity) is
displayed during the VO6N49 display in P23, the mark
should be rejected, the star reselected, and the mark -
repeated, If the large correction occurs again, it should
be accepted and incorporated,

H, H, for some reason, sightings néed to be altered or moved,
star availability charts are provided, (A typical crew chart
is shown in Figure A«l.} The following comments pertain to
these charts:

. The vertical lines represent the stars which are
available for use with P23,

a) The sold line represents the earliest TLI
opportunity for which the chart is valid and
is identified by launch azimuth and TLI
opportunity,

b) The dashed line represents the latest TLI
opportunity for which the chart is valid and
ig identified by launch azimuth and TLI
opportunity,

¢) If both the solid and dashed lines are pres-

: ent for a given star at a given time, then
that star {e available for P23 sightings at
that time for all TLI opportunities where
the earllest is represented by the solid
line and the latest is represented by the
dashed line,

%, 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 is given for the earliest launch (the
solid line) at the acquisition of the star and the loss
of the star,

3. Star numbers are given in octal,
4, The horizon code is:

EN = earth near horizon
EF = earth far. horizon
MN = lunar near horizon
MF = lunar far horizon
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II, Onboard Navigation aftes Return'-tq-Eqrth-Aboru from Lunar Orbit

A, Aborte from lunar orbit due to communications loss:

1.
2,

3,

4,

Perform the abort burn,

Reinitlalize W matrix, lUle extended verb 67
and at the VO6N99 display, load;

R + 30000 (30,000 feet)
R2 + 00300 (30,0 feet per second)
R3 + 00003 (Cislunar Navigation Code)

Determine the day of entry of the abort and look
at the corresponding table (similar in content to
Table A«1) for the schedule to be followed,
Schedules are provided for 20 April and 21 April
return dates,

Time is referenced from TE! time for the first
35 hours, and EI time thereafter, This is done
to provide for varying return trip times,

Calibrate optics at the beginning of each batch
and every half hour while navigation sightings
are in progress, The sextant 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 times:

a) At the initiation of tracking (for the first
mark on each star of the first batch of
data)

b) At the first switch of reference bodies

¢) After a long period of no sightings

d} During the last hours of the TE coast when
the vehicle is neéar the earth, - :

If a large state vector correction {greater than

50 nautical miles.-in position and 50 feet per sec-

ond in velocity) is displayed during the V06N49

display in P23, the mark should be rejected and

repeated., I the large correction occurs again, it

should be accepied and incorporated, (Corrections

this large should not be expected in cases other

than a and b above, )
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7. Il a W matrix reinitialization occurs after optical
sightings are Initiated due to a communications loss,
the following procedures should be followed.

T e e i
—— .

a) U the reinitialization doss not occur while
sightings are being taken, the W matrix should
be reinitialized at the next batch to the diagonal
value assoclated with that batch.

b) i the reinitialization occurs while a batch is in
progress, the W matrix should be reinitialized to
the diagonal value associated with the batch during
which the loss occurred, and the batch restarted
immediately. (See Section l-B-3 for valueas,)

¢) The current onboard state vector at the time of the
W matrix reinitialization {s retained.

4) The remainder of the optical schedule is followed
as if the W matrix reinitialization had not
occurred,

8. I sightings need to be altered or moved, star avail-
ability charts are provided (chart similar in content
to Figure A-1),

B, Communications loss during transearth coast following an
abort from lunar orbit,

If 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 II-A-3
are applicable, If not, go to Section IV, (In gen-
eral, very short and very long aborts are not

; covered by the charts,)

2, Start tracking with the first batch of data following
the current time,

3. Reinitialize W matrix, Use extended verb 67 and
at the VO6N99 display, load:

a) _Communicatibns loss before Batch |

R1i 30000 {30,000 feet)
R2 + 00300 (30, 0 feet per second)
R3 + 00003 {Cislunar Navigation Code)
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( . b) Communications loss after Batch § with no
' state vector update after TEl
R1 + 95000 (99, 000 feet)
R2Z + 00020 (2,0 feet per second)
R3 + 00003 (Cislunar Navigation Code)
¢} Communications loss after Batch { with at
least one state vector update after TE]
R1 + 45000 (45,000 feet)
R2 + 00006 (0, 6 foot per second)
R3 + 00003 (Cislunar Navigation Code)

4, General rules in Section I for loss of communi-
cations during transearth coast are applicable,
(See Sections IiI-B, D, E, and G, )

5, Star Availabllity Charts are contained in
Section II-A-8,

i II, Onboard Navigation after a Loss of Communications during Nominal
Transearth Coast (Following Completion of Planned Lunar Stay Time)

( ) If the entry pad has been received, then no tracking is performed; if
—_ not, then proceed. :

A. The schedules provided {similar in content to Table A-1) are
referenced to launch azimuth und TL] opportunity, For all
trangearth situations between 72-degree launch azimuth,
first TLI opportunity and 99-degree launch azimuth, second
TLI opportunity (inclusive), Schedule 1 should be used, For
transearth situations from 99-degree launch azimuth, sec-
ond TLI opportunity and {0B-degree launch azimuth, second
TLI opportunity, Schedule 2 should be used,

. B, Starttracking with the first batch of data tollowing the cur-
rent time,

C. Relnitialize the W matrix, Use extended verb 67 and at the
VO06N99 display, load: ‘ ‘

1. Communications loss before first batch

R1 + 30000 (30,000 feet)
R2 + 00300 (30,0 feet per second)
R3 + 00003 (Cislunar Navigation Code)

T b 1 i e

|
"
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E,

2, Communication loss after first batch with no state
vector update after TED

R4 + $9000 (99,000 feet)
R2 + 00020 {2, 0 feet per second) )
R3 + 00003 (Cislunar Navigation Code)

3, Communications loss after Batch | with a;t least
one state vector update after TEL;
R1 + 45000 (45,000 feet)
RZ + 00.006 {0. & foot per second)
R3 + 00003 (Cislunar Navigation Code)

Calibrate the optics at the beéinnlng of each batch and every

half hour while navigation sightings are in progress, The
sextant calibration will be repeated until agreement of at

least two checks (not necesaarily sequential ones) are within

{1 bit {0,003 degree).

Large state vector corrections may be expected at the fol-
lowing times:

I. At initiation of tracking, (For the first mark on
each star of the first batch of data)

2. At the first switch of reference bodies
3. After a long period of no sightings

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

H a large state vector correction (greater than 50 nautical
miles in position and 50 feet per second in velocity) is
displayed during the VO6N49 display in P23, 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 { and 2 above. )

If 2 W matrix reinitialization occurs after optical sightings

are initiated due to a communications loss, the following
procedures should be used.

f. If the reinitialization 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.
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Iv.

Onboard Navigation Rules for a Do-It-Yourself Sighting Schedule

If the entry pad has been received, then no tracking (s perfarmed: if

2

3

4,

If for some reason, sightings nced to be altered or moved,

-1 the reinitialization occurs while a batch {s in pro-
gress, the W matrix should be relnitialized to the diag-

onal value associated with the batch during which the
reinitialization occurred, and the batch restarted
Immediately, (See Section HI-C for values.)

The current onboard state vector at the time of the
W matrix reinitialization ls retalned.

The remainder of the optical schedule is foltowed
as if the W matrix reinitialization had not occurred,

star availability charts are provided (similar in content

to Figure A-1),

replaced, the replacement should be as close to the orbit
plare as poseible. Do not repeat a set which is already
scheduled for that batch.

not, then proceed,

A.

General rules

i,
2.

A sighting or set is to consist of three marks,

Reinitialize W matrix and schedule a tracking inter-
val as soon as possible after the burn; or in the
case of the lunar 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 transearth sightings, W
matrix values are given below in the discussion for
each return type. (See Sections B and C,)

Star availability is related to GMT, not GET.
Therefore, a chart which approximates the GMT
of a particular situation can be used as a clue to
determine stars available.

A batch is to consiat of at least three star/ horizon
sightings, although as many as five can be advanta-
geous, particularly following a sleep period.

All available st.;ars should be used in the sighting

schedule. No more than three marks should be
taken on a star within a batch of data.
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B.

10.

Sightings during the last 10 hours before entr{ inter~
face are Important, - Five earth horizon sightings
should be scheduled at El-5 hours and three earth
horizon sightings should be scheduled following the
MCC at EI-3 hours, U no earth horizon sightinge
are avajlable, lunar horizon sightings should be
used, .

Whenever possible, the navigation batches should

be scheduled so that immediately followlng a time
pericd of length At (not to exceed 3 hours) in a non-
PTC mode, five times At should bo spent in a PTC
rmode (thermal constraints). This rule will be
violated most frequently In the following situations:
{1) aborts from a translunar trajectory with short
return trip times, (2) time critical aborts, and

{3) the 10-hour period before entry interface.

If possible, both near and far horizons should be
included in each batch of data,

Calibrate the optics at the beginning of each batch

and every half hour while navigation sightings are in
progress. The sextant calibration will be repeated
until agreement of at least two checks (not nececesarily
sequential cnes) are within 1 bit (0. 003 degree)s

Large state vector corrections may be cxpected at the
following times:

a) At initiation of tracking (for the first mark
on each star of the first batch of data. )

b) At the first switch of reference bodies.
c) After a long period of no sightings.

d) During the last 10 hours before entry
interface.

If a large state vector correction (greater than

50 pautical miles In position and 50 feet per
second in velocity) is displayed during the VO6N49
display in P23, 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:

i.
2.

Perform the abort burn.

- Read the general rules contained in Section IV-A,
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C.

3'

5

6.

Comrunications loss for flyby, aborts from lunar orbit, etc.

1.

2.

Initialize the W matrix, Use extended verb 67 and
at the YO6N99 display, load: - .

RI + 80000 (80,000 feet) ‘ : |
R2 + 00070 (7. 0 feet per second)
R3 + 00003 (Clsluqar Navigation Code) :

Only star/earth horizon marks will be made,

If the return trip time is < 20 hours, three sets !
should be scheduled every 2,5 hours with a batch :
of five sets at E1-5 hours before the last MCC ‘
at E1-3 hours, and three sets after the midcourse.

I the return trip time is = 20 hours, sleep periods
of 8 hours may be provided. Astronauts should be
awake the last 10 hours before entry interface.
Three sets should be scheduled every three hours
while awake with five sets scheduled before each
sleep period. Five sets should be taken before the
last midcourse at EI-3 hours, and three sets after
the midcourse,

If a W matrix reinitialization occurs after the optical
sightings are initiated, the following procedures
should be followed:

a) I the reinitialization does not occur while
sightings are being taken, the W matrix should
be reinitialized at the next batch to the diagonal i
value given in Section 1V-B-3.

b} If the reinitialization occurs while a batch is in
progress, the W matrix should be reinitialized
to the diagonal value given in Section 1V-B-3
and the batch restarted immediately,

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

d) The remainder of the oPtic'al schedule is fol-
lowed as if the W matrix reinitialization had
not occurred. -

Perform the abbrt burn or wait until perilune.

Read the general rules contained in Section 1V-A. .




3. Relnitialize the W matrix. Use extended verb 67 )
and at the YO6N99 display, load) . .

3} Communications loss before Batch | (at
TEL + 1 hour or perilune + 1 hour)s
R! + 30000 ( 30,000 feet) N
R2 + 00300 (30.9 feet per second)
R3 + 00003 (Cislunar Navigation Code)
b) Communications loss after Batch { (at .

TEI + {1 hour or perilune + 1 hour) with no
state vector update after TEI:

R1 + 99000 (99, 000 feet)
R2 + 00020 (2.0 feet per second)
R3 + 00093 (Cisluna : Navigation Code)

¢) Communications loes after Batch | (at
TEFI + { hour or perilune + | hour) with at
least one state vector update after TEID:

Ri + 45000 (45, 000 feet) )
R2 + 00006 (0. 6 foot per second) ; ) |
R3 + 00003 (Cislunar Navigation Code} —

4. H return trip time is 2 70 hours

a) Refer to the sighting schedules of Section [II
for placement of batches of star/horizon
sightings and relate the times given at
“TEL + " and "EI-" to the specific trans-
earth situation. For each batch scheduled, i
take three marks on each available star . {
{up tc 5 stars).

b) Schedule three earth herizon sightings for
every 5 hours between TEI + 32 and EI -
40 hours, or if an additional sleep period .
is needed for very slow returns, schedule
five earth horizon sightings befere the sleep
period and five earth horizon sightings
upon awakening.

s et
e e

5. If return trip time is <70 hours

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

|
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b)

c)

Three sets of star horizon observations
should be scheduled every three hours while
awake with five set# scheduled before and
after each sleep period, :

1) A batch of lunar horizon sightings
should be taken at TE! + { hour or
perilune + | hour, -

2) The second batch of data should con-
sist of earth horizon sightings.

3)  The third batch of data should con.
elst of lunar horizon sightings.

4) The remainder of the data shoulyu be
earih horizon sightings, If no earth
horizon sightings are available, lunar
horizon sightings should be substituted.

Five earth horizon sets should be scheduled at
El - 5 hours before the MCC (at EI - 3 hours).
Three sets should be taken after the midcourse,

If & W matrix reinitialization occurs after optical sight-
ings are initiated due to a transearth communications
loss, the following procedures should be folloved.

aj

b)

c}

4}

If the reinitialization dces not occur while sight-
ings are being taken, the W matrix should be
reinitialized at the next batch to the diagonal
value associated with that batch. (W matrices
are glven In Section 1V-C- 3, }

If the reinitialization occurs while a batch {s in
progress, the W matrix should be reinitialized
to the diagonal value associated with the batch

‘during which the reinitialization occurred, and

the batch restarted immediately,

The current onboard state vector at the time
of the W matrix reinitialization is retained,

The remainder of the optical schedule is fol- .
towed as if the W matrix reinitialization had
not occurred.

Sextant Constraints 7

A summary of the SXT constraints relating to navigation sightings
follows: (Reference 20) -
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E.

Trunnion Angle - The trunnion angle must be greater than

2 degrees and less than 50 degrees, unless the sun is within
45 degrees of the landmark line of sight (LLOS), in which
case the maximum trunnion angle is 45 degrees.

Star Magnitude - The star must be bright enough to be -
acquired against the background and tracked across the
LLOS target. .

Minimum Star Magnitude

Earth Moon
Horizon ‘ . k] .5
Landmark | : 2.5

Scattered Light « The background fllumination due to sun-
light scattered off the optical elements must not be so bright
that it obacures either the star or the horizon image.

Sun Elevation - The local sun elevation angle at the tangent

goint for horizon measurements or at the landmark must
¢ high enough to 1lluminate the target without distortion,

Minimum Sun Elevation Angle

‘ Earth Meoon
Horizon 10 degrees 5 degreea
Landmark 10 degrees 5 degrees

Landmark Slant Angle - Due to optical foreshortening and
atmospheric thickness, landmarks with large slant angles
are unuduable. (The angle s between vertical at the
landmark, and the LLOS.) This conetraint does not apply
to horizon measurements,

Maxitmum Slant Angle

Earth 00n
45 degrees 60 degrees
62
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Table A-1, f- Sighting Schedules for an Abort at Lift-off Plus 8 Hours

. {No Communications) - Schedule 1,

Return Trip Time

Leas Than 20 Hours

Time of
Sightings Star Reference Reglater 3
{hr) Identification Horizon of DSKY

El - 17.5 23 (Denebola) Earth/Near 00110

: 24 (Glenah) Earth/Near 00110

) 26 (Splea) Earth/Near 00110

El - 15.0 21 (Alphard) Earth/Far 0020

23 (Denebola) Earth/Near 0010

26 (Spica) Earth/Near 0oiio

E1-12.5 21 {Alphard) Earth/Far 00120

23 (Denebola) Earth/Near ooitfo

24 (Gienah) Earth/Near 0oiio

El - 10.0 21 {Alphard) Earth/Far 00120

23 (Denebola) Earth/Near 0oL10

26 (Splea) Earth/Near oolio

El-7.5 24 (Alrhngl) - Earth/Far 00120

26 (Splea) Esrth/Near ooilo

3 (Arcturis) Earth/Near ooito

El - 5,0 21 {Alphard) Earth/Far 00120

22 (Regulus) Earth/Far 06120

24 {Olenah) Earth/Near 00110

25 (Spiea) Earth/Near 00110

M (Arcturls) Earth/Near 00110

El 2,5 23 (Denebola) Earth/Far 00120

M {(Areturia) Earth/Near , oolto

12 (Alphecca) Earth/Near 00ii0

*This table ie typlcal of the schedule which the H-2 crew will have,

This chart Ag‘p
opportunity t

liea to aborts from the 72.de
rough the 90-degree launch ae
and the 99-degree launch asimuth,

QMT of entry interface = [8:130:00 November 15
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Table A-2, Sighting Schedules for an Abort at Lift-off Plua 8 Hours

{No Communications) - Schgdule 2, Return Trip Time

Greater than 20 Hours

Time of
Sightings
(hy)

El - 3?-6

El - 36-0

El - 27.0

El - 24.0

El -Zi-o

El.12.0
El L 9-5
El« 7.0

El . 5.0

El -2-5

Star

Identification

20 (Alphard)
23 (Denebola)
26 (Spiea)

{6 (Procyon)
21 (Alphard)
23 (Denebols)
24 {Glenah).
26 (Splca)

21 (Alphard)
22 {Regulus)
24 (Gienah)

26 (Spies)
21 (Alphard) -

26 {Spica)
M (Arcturus)

21 {Alphard)
22 (Regulus)
26 (Splea)

M (Arcturus)

21 (Alphard)
22 (Regulus)
M (Arcturua}

22 (Regulut)
2) (Denebola)
M (Arcturus)

22 (Regulus)
3 (Arcturue)
32 (Atphecen)

2) (Denebols)
24 (Clehah)
26 (Splea)

I (Areturus)
32 {Alphecea)

26 (Splea)
23 (Denebola)

Reference
- Horizon

Euthﬁ‘u
Earth/Near
Earth/Near

Earth/Far
Earth/¥ar
Earth/Near
Earth/Near
Earth/Near

Earth/Far
Earth/Far
Earth/Near
Earth/Near

Earth/Far
Earth/Near
Earth/Near

Earth/Far
Eatth/Far
Earth/Near
Esrth/Near

Earth/Far
Earth/Far
Earth{Near

Earth/Far
Earth/Far
Earth/Near

Earth/Far
Earth/Near
Earth/Near

Earth]¥ar

Earth/Near
Earth/Near
Earth/Near
Earth/Near

Eatth/Near
Eatth/Far

Reéllter 3

of DSKY

00120
00110
00110

00120
00120
0010
¢oli0
cotto

00120
00120
00110
00110

00120
00810
oolto

00120
00120
00110
00t10

00120
00120

This chart applies to aborta from the 99.degree launch stimut
oppottunity and the 108 degree launch asimuth, Arst and secon

opportunities,

QMT of entry (nterface £ 1911300 Hovember 16

d

first TLL
TLt
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Figure A- 1._ Star Availability for an Abort from Translunar Coast at 8:00 hours g.e.t,
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APPENDIX B

BACKUP GDC ALIGNMENT#*

5CS « On (required)
CMC - Off or standby
FDA1 SELECT -
ATT SET - ODC

SC CONT - 5CS§

RECORD: R, P, Y ALIGN, SXT data, and NAV stars from MCC-H

1,
2,
3,
4,

5,

1
8,
9%

o,
i,

SCT, SFT ~ 180, TRN - 7.8

ATT SET DIALS - R, #, Y ALION
Cage IMU when near 0, 0, 0
Maneuver to atars)

Primary atar on 50-degree mark on R line of SCT reticle
with secondary star on R line

aDC ALIGN - push .

ATT SET DIALS « 0, 0, 0 for preferred orlentation or pad
maneuver values

Mansuver SC to {galtion attitude on GDC ball and null error
needlas

Perform SXT star check and adjuat in pltéh ard yaw, i1
necessary

ATT HOLD « Min deadband
Uncage IMU f in preferred orlentation (0, 0, 0)

Realign ODC (! necedsary
GDGC ALION - push

'Refuehce 21
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