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OPERATIONAL ABORT PLAN FOR THE APOLLY 8 MIGSION

By Contingency Analysis Section

1.0 SUMMARY

A continucous method of returning the flight crev safely to earth f
for the Apollo 8 mission - with cr vithout ground control.help - has i
been defined. The rationale and suppoiting data are gIven. These i
supporting dsta consist primarily of (1) maneuver monitoring technigues é

L
and 1imits used to protect against known constraints, end (2) abdort
traj)ectory data produced by computer simulations of the recommended

0y abort procedures.
i
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2.0 INTRODUCTION

The purpose of this document is to demonstrate that an adequate
sbort plan exists for all mission phases of the first nanned Apollo
Saturn flight to the moon, the Apollo B (C', Alternate 1) mission. In
addition, it presents information that could be used by ground controllers
and the crew to provide safe abort capability for a December 21, 1968
launch date and a 712° flight azimuth, Variations in the fnformation in
this document due to changes in the launch azimuth snd monthly launch
windovw will be {ncluded in & later document,

Of particular Impurtance is the relationship of the various methods
of aborting described in this document and the capability to abort at
any time, normally provided by RTCC and ground control procedures. This
relationship {s best {)lustrated by figure 2-1, which also indicates
the failure Jevel frem the nominal mission required before a particular
abort mode would be used. It is seen that most crew-determined abort
circumstances cccur during a povered-flight phass of the mission, vhich
requires that nominal maneuver monitoring procedures provile the neceasaiy
safety constraints to insure abdort capability. Detajled ground and crev
procedures for all methods of abort required for this miesion are
presented in references 1 and 2. This document conuiste primarily of
abort trajectory dsta vhich vould result from sborting with each of the
methods ident{fied in figure 2-1. In general, these are abort methods
which the crev can use without help from the ground. Alsc, this abort
plan showe that e procedure and the required dats will be available
throughout the Apéllo & mission if a contingency should arive. Launch
phase ond TLI trajectory information vas obtained from reference 3, and
the nominal spacecraft tralectory chare-teriastics were obtained from

reference b,
»

Input constants common to the snalyses of the phases of the mission

. are presented in appendix A.

The Contingency Anslysis Section is conducting an analysis to
determnine the lim:tations on RCS aborts from the nominal and dispersed
TLI Burns. Appendix B presents pertinent dats nov availadble for the

neminal trajectory.
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3,0 ABBREVIATIONS
ACRA Atlantic continucus recovery area
ADRA Atlantic discrete recovery area
AOL Atlantic C-ean line (recovery)
.8 center of gravity
CDR commander I
CLA contingency landing area '
c™ command module
CMC CM computer
cot contingency orbit insertfon ;
CS5M command and service modules g
DaKY display keyboard ’
FMA entry monitosing system !
EPL Ensterr. Pacific 1ine (recovery) g
EPO sarth parking orbvit
£o1 earth ordit {nsertion
88 early S-1VE staging
[ 4 entry load
g.e.t, ¢r6uﬁd ela;;ud time
G.m. %, Oresnvich mean time
FCUA fuel-critical unspacified area
FDAL flight director sttitude indicator

llp

specific impulse



1GA

I

L/
O 3

LEV

HE O

110

LTAB

UPL
M2l
MIFC
MSF L

NPY

CGA

3-2

inner gimbal angle

inertial measurement unit
Indian Ocean line (re:cvery)
1! ft-to-drag ratio

launch escape tower

launch escupe vehicle

lunar module

lunar orbt insertion

0T into A 60- by 170-n. ri. altitude orbit

lurar orbit elr:mlarization burn into a
€0 by 170-n. aj, altitude ortit

lunar prrking orbdit

lanar test article B

launch vehicle

midcourse correction

Mission Control Cenrter - Houstén
middie gimbal angle
muiti-vehjicle N-sisge computer program
mid-Pacific line (rccovery)
noon's sphere of influence
Marshall Space Flight Center
Manned Space Fllight Network
nonpropulsive vent

Rorth American Rockvell

outer giabal angle
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REFSMMAT

RTLC
sC
5CS
8CT
S-1IVB

SLA

3-3

CMC program 11
CMC program 36 {return to earth)

primary guidance, navigation, and centrel
system

radius

predicted full-lift landing range from the
launch pad

reaction control system

transformation matrix {rom inertial to
atable membar (IMV)

Real-Time Computer Complex
apacecraft

stabilization and control luﬁaynm
ccanning telescope

launch vehicle third stage
spacecraft LM 2dapter

serrice module

service propulsion subsystem

time off free fall

liftv-off

time of {gnitiom

time from adort to resntry

time base 7 - fultiated st TLI cutoff
transearth coust

transearth injection

tctal flight time from TiI, 103, or 71
shhitdown to landing
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thermal control

transiuna- coast

translunar injecticn

Unitied S-bvand System

West Pacific line

difference betveen the cntéard predicted
landing point and the mcde 111 target
point

total sensed veloeity clange
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L.0 GUIDELIFES AND COUSTRAINTS

This docunent is tased on A number of fundamental guidelines and
constraints of vhich the most important are listed below:

1. An abort is defined ag the recognition and performance of
those conditions necessary to terminate the current mission and returrn

the flight crev to earth,

5 Ap ttternate mission is defined as the aontinuation of the
flight usuall, with less ambituous objectives th-n originally planned.

3. Return-td-earth sb¢ ¢t maneuvers are normally targeted to CLA's.
The CIA's for the Apollo 8 mission are shown in figure k-1,

L. Abort=d mission return times are consictent with kpown systen
constraints and generally are optimized to provide the fastest return

for the least &V.

5. The maximum velocity required for an abort will not exceed
10 GO0 rps.

6. Return-to-earth inclinations will not exceed hLO°.
7. The irertial velocity at entry will not exceed 36 333 fps.

8. All planned abort maneuvers normally use the external AV
steering mode, s
¥

P
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5.0 LAUNCH PHASE

The launch abort trajectory dats shown provides information on
atort monitoring, abort maneuver requirements, and abort results. it
{s assumed =hat the launch vehicle performance can vary over a wvide
range of cornditions during launch. Therefure, these conditions must
be bounded by limits that would allow aufficient reaction time by 'the
crev and spacecraft systems operations to periorm a safe abort. To
prevent a flight with unsafe conditions avort action would be inftiated
if the leunch vehisle -{olates these limite., To avoid eborting
a suceessful lsunch, - 2 limit lines sre defined for the least restrictive
conditions vhich will <llow a safe abort.

During launch the vei city, altitude, atmosphere, and launch
configuration change drastically; therefore, several abort modes, each
adapted to a portion of the launch trajectory, are required:

1. Mode I eborts protect the 5C and crew vhile the LV is on the
pad and in atmospheric flight, They utilize the launch escape system
for safe separation, and the aborts result in a suborbitsl trejectory A
vith landings in the ACRA. 1

2. Mode I abort capability begins once the LET has been Jjettlscned
{187 seconis g.a.t.) and continues until the COI cepability beginas
(v, = 23 630 fps} or until the resulting lendings thresten the African

coast (Ripa = 3200 n. mi.), Mode II aborts c¢onsist of a manual CEM

separation from the LY, (M/SM separation, sn entry orientation maneuver,
and an open-loop, full-lift entry. These aboris result in a suborbital
trajectory with landings in the ACRA slso.

3, The mode IIT abort capability begins once the mode II ends
and continues until the maneuver violates free-fall time (approximately
2 gecords prior to the first S-IVB cutof{ signal at 680 peconds g.e.t.)
The mede III sborts consist of a manual CSM separation, a fixed-attitude

)
SPS retrograde burn, CM/SM seperation, an entry orientation maneuver, 3
and an open-loop, bank-left 55° entry. These abort maneuvers result %5
in & suborbital trajectery with landings at the ADRA approximately
3350-n. mi{. down renge of the launch pad, Just south of the flight ;.
ezimuth, g

4. Mode IV, i.e., COI capability or apoges kick, begine once the
SPS can be used to inwert the CSM into s safe orbit (V, = 23 600 fys)

‘Rip {s the predicted full-lift landing range from tne launch pad,
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ind continies until the LV nas ohirined a safe orbit. The COI maneuver
consizts of a manuel CSM separaticn, a fixed-attitvd:, posigrade SPS

t1a vhich results {n at least a 75-n. mi. perigee altitule, and subsequent
313 deorbit to a plaaned landirg area. These maneuvers result in a

sace rhital trajectory foom which an elternate misrcisn *r an immediste
leorbit can be planned,

a2za launch abort mole ¢apabilities are summarizzd on a tar chart,
fizipe S-1, for the nom‘nul .27 leunch azimuth, Cecerter 21 timeline.
*l:n hown is the early S-IVH staging (ESS) capability reglon, vhich
‘¢fines when the S-IVB can direct stage from the S-IT (353 seconds g,e.t.)
i1 still achieve a parkine orbit.

The launch abort dats shewn hera is consistent with the latest
£ 110 8 (Alternate 1) characteristics and is for alorts from the
r.rmiral 72° azimuth launch trajectory. A detailed analysis for CSM
aborts (modes II, 1I[ and IV} from a typlecal Ssturn ¥V launch trajectory
which shows the effects of variable launch azimuth, is shown in
roferance 5. That data i3 directly epplicable to this mission and can
be used tc estimate the sffects of variable azimuth on the launch abort
 les. The sensitivities of the various launch abort varameters for
viristisons in weight, altitude, burn attitude, and other parameters are
#iscuszed in reference 6. Ancther document that should be used to
supplement the launch abort infcrmation presented ig reference 2. This
reference pregents the launch phase abort techniques and data flow for
the Saturn V Apollo launches. Tt contains the flow charts and
accompanying rationale for the abort cues, decisions, and data flew for
each of the abort modes.

5.1 Launch Trajectory Monitoring

$.1,1 Ground monitoring.- The ground {MCC-H) flight controllers
have the primary responsibility of monitoring the trajectory during the
launch phase. Tha ground is prime for determining abort trajectory
limit vielatfens, abort mode decisions, and the GO - NO-GO orbit
insertion status, To af{d the ground's traj)ectory monitoring are the
flight dynamics displays. These consist of the launch digitals and
projection plotters displayed on cathode ray tubes and anelog plotboards,
The displays are driven by resl-time computer computations based on the
actual flight data recaived from the MSFN. The Flight Dynamics displays
currently being used in Apollo 8 simviation are prosented in reference 7.
These displays will be aimilar for all the planned Saturn V launches
and are defined in refarence 5.

The launch abort trajectory limits src summarized on figure 5-2.
These limits include » structursl breakup limit, 16g limit, & 100-gecond
free-fall tine limit, and o potential exit heating limit {ourrently undev
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investigatfon at NR). These Iimits define a lsunch corridor thrt is
acceptable for safe S5C abort capability. In addition to the limite

ard the nominal trajectory, the 5-IVE early staging and the SPS CO! ;
capablility linc: are shown. The latter two lines define, respestively, i
when the 5-11 haa progressed sufficiently for the S-1VB to direct stage

{ntu & parking orbit {100 n. mi,, circular) and vhen the S-IVB has ;
progressed enouch for the SP5 (mode IV) to insert the 5C in contingency

orbit (h§ > 715 n. mi.).

Cempering the COT capablility with the suberbital capabllity for the
near-insertion regicn, the avort mode overlap can be determined. This
is shown on fiF:re S-3 and, as can be seen, the mode IV COI capability :
overlaps the end of mode IT and all of mode II1 along the nominal
trajectory. Also shown are the dispersed S-1VE cutoff cormditions that
would require a mode ITI or apogee kick maneuver. The T5-n, ml. perigee
altitude line f{s shown to indicate vhen the S-1VB has achieved a GO 3
orbit and a 500-n. mi. apogee line is shown tc indicate an S~-IVR
overspeed condition, Note that mode IIT capability is limited by a
100=-second tff constraint and increased insertion ranges would furiher :

restrict the mode II1 capability. Therefore, large mode IIT SPS burns :
could e terminated on the 100-second tff limit prior to achieving the ;

landing target. Zero 1ift (roll left 30°) 13 recommended for those cases i
that requirs premature termination. .

The traJectory lines shown on figures 5-2 apd 5-3 are analogous to . !
the plotboard informaticn being displayed to the flight cortrollers .
in real time. Comparing the sctual launch trace with this trajectory i
information will ald tha flight controllers in determining the trajectory :
status during launch and to determire the appropriate abort mede, {
it necessary. The ground will keep the crev informed on the trajectory ‘
atatus by voice communications and request abort action by both volice ¢
and the abort light upon abort confirmation.

5.1.2 Onboard monitoring.- During launch, the crew hay CMC program
P-11 ard its corresponding DSKY dispiays, and the FDAI displays to
facilitate trajectory monitoring. P-11 is automatically initi{ated upon
lift-off (or manuslly by V7S5E) and is mvailable until the ground or
crev commands program 00. Normally the ground will inform the crew
of their trajectory status. However, if volce communications were lost
during the launch, the crev would have to depend on these displays for
this informmtion, Table 5-1 showe the values of the DSKY parameters
for a neminal launch, which were computed with the COLCSSUS guidance
equations (ref. 8) for Apollo 8. The nominal FDAI attitudes during
the launch ers shown on figure 5-9. The DEKY displays are updated
every twvo seconds and dlsplayed to the crev. Any time the ground should
rule the SC guldance NO-GO, the computer would be commanded to program 00
ard thess DSKY displays would no longer be available,
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In conjunction vith the DEKY displays associated with P-11 (frig. 5-4),
wws ontoard charts (figs. 5-5 and 5-6) are proposed for use in the event
of voice communications loss during the launch, The tasic DSKY displays

fur lsunch monitoring are the inertial velocity, Vi. altitude rate, ﬁ.

11 wititude, h, parameter:s. Therefore, these are the parameters used
to govern the charts. The charti with the DSKY are to be used to help
vtermire vhen and what abort action iz necessary. These funstions

4 -11 normally bte conducted Ly the ground when voice communications
«xict, Onee the atort decision has been pude, the crew would use the

[ 7] raraneters to monitor the abort burn., The mode ITI and IV SPS burn
saition times are for 125 s:conds after S-IVB cutoff; other ignition
tires would be incompatitle vith the COI capability shown on the onboard
"urt and vith burn verificatinn runs made by the ground., [f TFF becomes
2.2l to 100 seconds and {3 Jecreasing during a burn, the burn must be
t-oainated and {mmpediate entry preparation initiated. Caution should

t: crployed during the mode IV burn., If arytime during the burn perigee
aititude starts decressing. the burn should be termirated; and if term-
jratad with hp < 75 no ai., & mode TII abort should be initiated when

% £Yor h <75 u. mi. and an apogee kick should be initiated vhen h > 0,

Chart 1, shovn on figure 5-5, shows the nominal altitude rate vercus
velo2ity trase and the current abort trajectory limits. Should the
astual flight trace violate the booster breakup line cr the maximum
entry load limit line {16z), an abort is required, If the trace
arn . aches tlie trr limit line, V82E and NSOE should be called un§ abort

artion is taken vhen trf equals 100 seconds and is decreasing. Note that

everl 17 volce communications were lost, the ground might still be

able to command abort action by using the sbort light. Regause of the
seraltivity of the 16g limit line to altitude, this limit is shown fer
several different alt!itudes, and the current aititude Jdisplayed on the
ITKY would govern wvhich eburt limit to uge.

Chart 2, shown on figure 5-6, shows the nominal altivade rate versus
velocity trace for approximately the last 2 miputes of the launch. This
vhart expands the reglon where abort capability starts varying rapidly.
The primary use of this chart i{s to show for what S-IVB cutof{f conditions
COl capability exista, Therefore, the COI boundary is defined for o
different altitudes. Since the altiiude is fairly static near inserticn,
the crewv could choose the appropriate COI boundary and determine vhen
the S-1VB trace crosses into the COI capability region. The other abort
capabilities can be determined directly from the DSKY. Unce tower

Jettison has occurred, mods I capability extends until AR* becomes
greater than =358 n. mi., vhich corresponds fo a full-lift landing st

'AR. or SPLERRGR. iz the difference betwesn the onboard predicted
landing point and the mode III target point.
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3200 n. ml, S-IVB cutoff conditions resulting in a AR of betveen =368
and 0 n, mi. vhen a suborbital abort ic roquired indicate a no-burn,
half-1lift entry abort procedure; for &R > 0, a mode IIT burn is requlred.
A GO orbit is achieved vhen perigee altitud2 is greater than or equal

to 75 n. mi.

Note vhenever the trr is 59 minutes 57 seconds, the AR computaticn

is invalid. This {s true once the perigee altitude bocomes greater

than 300 000 ft. If a mode IJI burn is required in this region, &%

wil)l become valid vhen the burn has progressed encugh to decrease perigee
altitude below 300 000 ft.

The effects of varying launch azimutih in the AR computation are
surrently under investigation. Because the AR computation is based
on the mode ITI target (ADRA) being loated prelaunch, this computation
would be srronecus Tor launclies on cther than the planned launch azimuth.
The need, frequency, and procedure for updating this target will be
determined in this study.

5.2 Input Data

5.2,1 Launch vehicle tralsgtory and characteristics.~ The launch

abort information enclosed wvas generated based on the initial conditions
taken from a launch trajectory listing of MSFC's BT tape (EPO, T&® launch
azimuth) for Apollo &, as defined in reference 3. The initial abort
sonditions (LV shutdown) are assumed ¢oincident with the primtout on

the launch trajectory for that time of abort, and the LV tailoff

{ref. 9) is simulated prior t~ SC separation. Flight-path angle and
altitude dispersions were simulated by varying these parameters at the
time of abort and holding the other parsmeters constant.

The nominal trajectory parameters for this launch are shown on
figures 5-T, 5-B, and 5-9. The variation of the inertial velocity,
inertial flight-path angle, altitude, and down-range distanze with
ground elapsed time are presented on figures 5-T7 and %-8. The SC
IMU gimbal angle readouts for the nominal launch are presented on
figure S-9. These plots reprssent the msin initial conditions simulated

for these launch abort trajectories.

5.2.2 Spacecraft characteristics and trajectory constapnts.- CM
aeradysamics vers defined for Apollo O beginning-of-mission ¢.g. location

ns wvell us SC mass propertlies from reference 10.

Earth model constants and S-band tracking station locatlons for
manned Apolle tisaions vere taken from references 11 and 12, respectively.
The launch pad {39A) location wvas takep froa reference 13. The entry

e A b b 4l
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interrace altitule is 300 GOy £t, ard the reference altitude for the
tor cslculation in the laurch p'ase is 300 900 ft.

The 50 attitude for the =aile II1, mele 1V, ani avogee kick 8PS
Lurr: are sonsistent with the scrite mark positicnaa »n the command
pilot's vindow., The angle tetween the line of sizkt along tle
serite mark and the C3M X-body axis is 3L.7° (ref. 1%). This scrite
rark is lired up wich the horizon at burn ignition. wuring an EFS
turn the thrust axis is aliznel through the ¢.g. and, for the launch
wtort turns, is held irertially fixed (SCS5 automatic) throughout the burn.
ihese simulaticns assumed that the thrust axis vas oriented through the
3PS thrust vector nml offset positicn {2.15° pitch, ref. 15). This
+lignment will te upiatel ' the actual ¢.g. Tor the firul missien
cagrort data, The yaw error cirresponding to this thrust vecior offset
iz considered negligitle for tais snalysis.

The mode II, mode III, and COT trajectories vere simulated vith
12 multi-vehicle N-stage {*IvN3) gomputer progranm defined in reference 16,
113 program has the capability to simulate both povored ard coasting
flight. For these stulies vehicle rotational dynamics 45 not have any
sienificant effect amd vere not investigated,

5.3 Suborbital Avorts

5.3.1 l'ade 1 LEY aborts.~ The possibility c¢f mede I LEY aborts
from the Saturn V vehicle launched from complex 3%\ exisis from the
tims the LEV is arped until towver jettison at approximately 3 minutes
T seconds g.e.t.

The LEV {s designed to accelerate the CM uwvay from the LY to a
safe geraratjon distance and far enough down range rrom the launch
rad for & safe vater larmding. Mode I aborts are divided into three
categories: mode Ia {low altitude), mode Ib (medium altitude), and
mode Io (high altitude).

This analysis used the Apollo § LV operational flight trajectory
(ref. 3) asd the CSM/IM spacecraft operationsl data book (ref, 10). The
LEV configuration {s presented in figure 5-10.
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The following is s summary of the mode T LEV abort sequeﬁces.

(a)

T = 0 seconds

11 secomds

j
-

T + 14 seconds

14,4 seconds

=]
-+

16 seconds

(e |
-+

T + 23 seconds

10 S00«ft altitude

Hode Ta (0 to 32 second: g.e.t.)}

fire launch escape motor and pitch
coatrol ~ctor

deploy carards

Jettison tover and boost-protective
cover

Jettiscn apex cover
deploy drogues chutes

deploy main chutes if the
g.e.t. « 37 secomds

deploy main chutes if the
g.e.t. » 37 seconds

{(v) Mode Ib (end of nmode Is to 103 seconds g.e.t.,
or approximstely 100 J00-ft altitude)

0 seconds

2
]

3
+

1} seconds

T + 14 seconds

T + 14,4 geconds
T + 16 seconds

10 500=ft altitude

23 300-ft altitude
+ .01 asconds

fire launch escare motor, pitch coutrel
motor is not ignited after h2 seconds

deploy canards
If g.e.t. < 6% seconds:

dettison tover and boost-protective
cover

Jettison epex cover
deploy drogue chutes

deploy main chutes

I g.e.t. > 64 seconds:

Jettison tover and boost-protective
cover




22 AT e .,

58
23 33.7: altitude rettison apex cover
+ 0.4 ceconds
Tlefr ltitlde ileploy drogue ehiutes
+ o ogerirt
(A S RS ) deplyy mairn ch’;'..é.‘-
(2) Mole Io .e2i of mode Ib to 187.% s~vonils
or tower lettiscn tize)
= ¢ zexsnds fire launch escare notor
T+ 11 saronds deploy canards and nanaally establish
+ 5 deg/sec pitch rate with CM RCS
23 320-ft altitude fettizon tover and boozt-protective
+ Q1 seconds cover
2% 32r-% altitude Yettison apex cover
+ 0.1} sezonds
<% Z00-f% altitude deploy irogue chutes

10 30-Tt altitude deploy main chutes

Tatle %-II vresents a su~mary of Apoilo 8 mode I LEV abdort
trajectories (no vinds) for a nominal launch trajectory of T2° flight

Figures 5=11 ard 5-12 show the mode I r.aminal sbert landing points.
ALl of the landing pelints have safe wvater landings.

Mode I LIV aburts with ro winds for the Apollo 3 mission have safe
water lsndings from near the pad to aprroximately 520-n. mi. down
range. Tue mode 1 LEV adort Jata presentsd in this document are
sorsidered siequate for positioning recovery forces and do not violate
any kncwn spacecraft conetraints.

5.3.2 Mode I1 adorts.~ The mode II abort procedures are designed
for contingencies occurring af er the LET jettison (187 seconds g.e.t.)
until & safe orbit cer be wchieved with the SPS (590 seconds g.e.t.) or
until tae resulting lendings threaten the vest comst of Africa
(alp = 3200 n. mi.}. DBecause the sborts initiated in this region can
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result in high entry loals (g'z) amdfor time-criticel entries, no range
control maneuvers are coasidered. A fuli-1if% erntry f& used to mininize
g's, and a simple separation technique {s estabiished for rapld entry
eriertation. The mole II procedure rejulres at least e 100-second

tff from S5-1VE cainff to 300 090-ft sltitude i crient to the proper
atoospherfe 2syiure +'titude  For low launct tratectcries, this

tometines reiires extenling the rode T roeica v 1elaying tower fettison
umtil saffisiert .re--Tail ti=e s availatle o parforn the rode I abert.

Tne seqier-e of evente zi=1lated for & =01 IT atort are 1isteld

T 40 ce LY shutiowi arnd tafleff tegins

1y

T ¢+ 3 peconds L7/ separation X (M/FCS O (b tet)

T+ N gez-pic X SMIETE VR chect MO reparaticn
seyience arng crient UM to ertry

attitaie

= 0,95 o4 orisnted for full-1ift entry
(g, 5-17)

1® 2350 ft d¢rcgue parac) it deploys

A 1ist of the jertinent trsfleztory parire'sr- for mode IT aborte
from the nominel lsunch trajectory are presente] in table 5-IT[. The
spacecraft IMU gimbal argles corresponding to the proper CM entry
orientatic: attitude for mede II atoris are prescntel versus time of
abort in figure 5-13, A more detafled anmalyeie o7 the mode I aborts
for the faturn V launches iz presented in referen-e 5,

£.3.1 Mods Ii] aboris.- The mode T11 aborl procedures sre requiret
for contingencies occurting beyond mrde If {F‘p > 3200 n. mi,) vhen a

tufe >rbit cannct be schieved or vhen SC systems malfunctiors d{ztate
{maedinte landings. The first mode T1I requirement fs unlikely bectuae
of the large CN1 region and the 3-IVE cutoff conditions vyuld hars to be
greatly dispersed from the nominei isunch trajectory, The recond {8
unlikaly because {f such s malfunction had occurred during launch, the
abort vould more probably be initiated before entering mode 111, and
fajlures oscurring after entering mode 11 would be almost impoesible
to confivm In sufficient time to recommend & mode I1I abort. Thess Lype
failures are undefioed at present.




The sequence of events simul
brlow:

T ¢ 0 egecords

T ¢ 3 reconds

+ 7L zeconds

(o]

=}

+ 125 gecords

Falf-lift laniing
range = 3350 n, mi.

e = 0,09
£ =0,2

L x 23 500 ft

Mode LIT abort capabiiity be
full-11ft landing renge ‘“np) exc

Since mode 171 entries are half 1
burn is only required to achieve
exiote o period (betveen 600 end
no-hurn landing wvould land vest o
The mode 111 ceapability ends once
100-secom t" constreint, This

Sel il
ated for a mode IIT abort are listed

LV shutdown and tailoff begirs

S-IVB/CSM separatfon +X "M RCS ON
{4 Jet)

4X €M FC3 CFF start orientation to
IFS retrograde attitd~ {f bvurn
required

retrograde attitude otteined {fig. 5-1b)
EFS englne fgnition (£C3 automatje)

start /01 eeparetion zequente and
criert TH to eatry niltitudey &5
turn terminates

CM oricnted for full.lift entryy
casture att{tude (f1g. 5-15(a)]

CM orlented for half-11rt entry;
qL55 (fig. 5-16(b)]}

drogue parachute deploye

gina st the end of mode 1L vhen the
eeds 3200 n. ml. (600 ceconds g.e.t.),

itt (RL55) and the SPS retrograde

4 landing range of 3350 n, mi,, there
G2k weconds g.e.t.) for vhich the

f the 3350-n. mi, landing targst (ADRA),
the required SPE burn violates the
ccours spproximately 2 seconds prior

to the B-IVB cutoff signal, ind suborbiial aborts required arter that
time would require terminating the burn on tep ® 100 seconds and then 3

zero 11ft (RLOO) entry to avold a
A list of the pertinent tea)

lar” landing,
sctory parameters for mode Il aborts

from the nominel launch trajectory sre presemted on table S5-IV, The
BC IM! gimbal sngles corresponding to the horison moniter (31.7% seribe
mark) retrograde SPB burs attitwie are presented on figure 5.1h for

8sde LI avorts from ihe nominal trajoetory. T™he mede 111 AV requirements

to achieve landings at ihe ADRA are shiown on figure 5=15 for deviasions
from the seminal flight-peth angle and altituie, Nete frem these figures

tmmmmmmnmwtumumu&m

load 1imit, ond the 100-second ¢
the proper eaplwre and Sak ‘-flJ
required for the mede 111 adborts

mry
¢ 1i8it. On figurss 3-16(a) and 5.16(d)
ars shown for the »aif=1ift emtries
ren the maiml LY trajostory.
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A more detelied analysis of the mode TIT nborts for the Saturn ¥ .
launches if prosented in reference 5.

e

5.L ontingency Orhit Tr-ection

01 YAda BV 001 jrocedure,- The moly IV 01 procedure fs eelacted
for ccntingensler ~n-« the BFS can ineert th: 5 into 1 sefe orbit
(pericee altitude - ¢ n, mi.) and deordit from any place in the

pesulting crbit, ihi- copabllity begins 1t %97 -« -onds (Vl : 23 €00 fpe)

and ends once tha S-17B has schieved a safe perigee, approximately

€A geconds, or 2 <y s prior to nominal 0-IYR cutoff signal, COI is
tte prine sslect{orn ihenever the capability exlcts becauss it is the
gafest and has potential alternate missfon capability. It allovs the
sreurd apd crew avpio time In earth crbit to deternine the SC's trajectory
1¢1 system status, il the ground can comjute a precise denrbit maneyver

for m planned l1anlirg area.

The sequente of events eimilated for a mcle IY maneuver are ligted

belra:

T ¢ 0 geconde LY shutdcwn anl talloff baging
T ¢ 3 seconds 8-IVB/C3 zeparation #X CM/RCS ON
(b et}
T + 24 gaconds «X BM/RCS OFF, slart orientat{on to
BPB noeigrade tttituda

T+ 125 ssconds posigrade attitude obtafned (fig. 5-17)
ST3 engine lgnltion (3C3 mutomatic)

!
é

Purn to achieve an SP3 vurn terminates
hp = 7% 5, mi. and apply

an additional 100 fps

"he {niti{al mcde 1Y capability is not dependent upon the amount
of 8PE propellant loaded for this miesjon, but {s based ~n the BPS
performance vith the rixed burn attitude to achieve orbital velooity
prior to prematurs entry. In addition, this eapability la extremely
sensitive to piteh errcrs during the maneuver (rafs. 5 and 6), Thereforn,
the capabiiity e defined for & $3° piteh arror bias during the burn,
Nowever, yav errisrs up to 1%5? have n negligible affect on the mansuver
and are not included In thie bias, These conatraints Linit the Aamimum
AY o be waed Lo lews then 2400 fpa for the nominal insertion altitwle

{rig. 5-18{s}).
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A liet of the pertirent trajectory parameiers fur mode IV maneuvers
rerformed from the nominnl trajestory are presented on table 5-¥., The
»C 1MUY girtal angles corsesprrding to the horfzon moaitor (31,7° window
: 'ribe mark) posigrade SPS burn attitude are presented on figure 5-17
ror burps from the nominal trajectory. The mode IV AV regquirsments to
athieve 2 T5«n, mi, periges altitnude are shown on figure 5+18 for
Tevistiona from the nominal flight-path angle and altitude, Additional
rolv ¥ fnfurpation can be obiained from referepces 5 ant 6,

5.4.2 Apogee kick COf precedure,- The mode IV (i maneuver is
lways performed 125 neconde after 2-1VB cutoff. Howervsr, for some
joaftive flightepath angler this maneuver can be delayet until spogee,
which {s c¢alled an mapogee ¥ick, The apoges kick capability begine once
the 2-1VB cutoff conditicns would locate the apogee faverably for such
a ransyver, or when apogee | greater than 5 mipute- from cuteff is
concidersd adequate., The ningee kick maneuver has Lhe foliowing
shynificant advanteges ove, the mode 1V procedure: reguires leea AY,
results in smnller apogees, glves the crev additicnal turn preparaticn
*ime, and {5 Jesa aensltive tc bturn execution errors,

The requence of events simulated for an apogee k{ick maneuver ars
1i3ted below;

T # 0 secnnds LY shutdown and tagin tailoff

T + 1 asconda 8-IVB/CBM saparation +X BM/RCB ON
{4 Jet)
T 4 24 seconda +X BM/RCE OFF, stert orientation to

8P poaigrade attitnde

At apoges posigrade attitude obtained HPR
engine ignition (BCO automatle)

Murn to achieve wn BRPB burn terminates
"P * 5 n, mi, and epply an

alditional 10v fps

The apoges Rick AY'e, times from B-IVE rutoff to apogee, and
resulting apogees are shown on figupe 5-19, These AY¥'s are those
required to achieve & 73-n, ai, periges altitude, are amaller than the
corresponding mode IV AV's schewn on figurs 3-18, and vil) be peddnd
100 fpe, sinilar to she mode IV mansuvers.

‘.
!
!
{




TABLE S5=i.- DSKY PARAMETERPS SURITC LAUT7H

[

Cosund
[ ] Sesrzial
Thae Yelecicy
foteosse)  ffr/sec)
1.342
1,343
e
1,433
3,3%7
1778
1,90
1,49
2,92
3 02
A0
4 00
3,008
.73
P v,

1113113113111
gl B b 5

Predictad
Time of
Free Fall
to
Altitwde Predicred Predicted 300,000
Altitede Rate SPLERROL Perigee A Feet
{m mi) (fr/sec) (n mi) (n mi) (n mi) {min:sec)
0.0 0 -3,340.3" -3,436.7 0.5 59,50
L
0.1 " 3,340,317 23,436.7 0.1 -59.59
.4 211 23,3403 33,4367 0.4 -59.59"
0.8 356 -3,340.3° 23,4360 1.1 -59:59
1.5 529 23,30.3% 0,487 2.2 -39.59 Y
[y
2.6 727 338025 3,434.6 2.9 -59:59 w
3.9 9 23,3309 _s,402.7 6.3 58,59
5.7 1,187 23,339,470 23,4299 9.3 -59.59""
7.9 1,A50 -3,338.6 -3,425.5% 2.3 -59:59
10.5 1,721 3,371 341805 18.2 -59:59""
13.5 1,991 23,3346 -3,407.8 24.0 -59:59" |
17.1 2,770 23,3309 23,3923 30.3 -59:59" |
2.0 2,562 23,3258 -3,369.8 8.8 -59:59"
5.3 2,524 3.0190% -3,340.9 7.5 -59:59""
30.3 3,0m -2,998_5 <3,306.9 56.3 -3:24

i

“-I'_“ (flstsuce fram correst pecitiom (e target - apogee less than 390,000 feet)

“Tane of fres £al) = FORMST (-39:38) - apegme les: tham 300,000 feer

|

ki

T i - b 1 oo e o

T R A



P
Blepend  Bmerzisl Altitede Predicted
Thes Valecity  Alrteede Eata szLrmom Perigee
M (frfouc) {n md) (ft/sec) {m =i) (n m1)
239 RS 8.3 3,268 -2,975.0 -3,260.7
m:40 8,97 0.3 3,117 -2,952.0 -3,247.6
2:30 ) A3 2,953 —2,929.5 -3,235.9
5.0 o2 8.5 2,795 -2,%05.8 3,234
5 " s 0 . 2,685 -2,990.4 -3,214.0
2 9.4004 53.0 2,644 —2,884.2 -3,210.2
20 3,630 9.3 2,508 . -2,861.2 -3.196.4
>3 *, 00 3. 2,375 -2,8072 -3,181.8
340 »,00 67.1 2,245 -2,812.7 -3,166.1
130 0,203 7.7 2,116 -2,797.6 -3,148.4
na8s w523 76.1 1,90 —2,761.9 -3,131.4
%20 w7 7.3 1,062 2,735.4 2,112.2
%20 1,02 8.3 1,739 2,708.2 -3,091.6
.l 11,319 0.0 1,616 -2,680.2 3,068.5
40 11,808 5.6 1,406 -2,651.2 -3,045.8

Predicted -
Time of
Free Fali
to
Predicted 356,000
Apogee Peet
{n wmi} {min:sec)
tb.6 -3:25
69.4 -3:25
7.7 -3:26
73.9 -3:27
75.5 ~3:27
76.1 -3:27
78,4 ~3:28
80.6 =3:29
82.7 -3:29
84.7 =3:30
86.6 -3:30
88.3 -3:30
90.0 =-3:29
91.5 =3:29
92.9 <3:28

- Wm e FE o ek ke e i R T
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TARLE 5-].- LSKY PARAMETEFS DURING LAUNCH - Continued

Predicted
Time of
Free Fall
to
Imartial Altituide Predicted Predicted J0G, 000
Yelacicy Alcicude Rate SPLERROR Perigee Apogee Feet
{ft/aec) (o =i} (Ec!anc) (m =i} {0 wi) (n mi) \min:sec)
n."" .0 1,380 -2,621.3 -3,020.3 94.3 -3:28
12,235 90.2 1,266 -2.,5%0.3 -2,992.0 5.5 =3:27
12,950 "«”.2 1,156 -2,558.1 -2,963.5 96.7 =3:27
12,09 %0 1,009 -2,524.6 ~2,931.7 97.7 -3:26
B, 5.7 [ve -2,405.6 -2,897.% 98.7 -3.26 T
R
1,818 7.1 o] -2,453.1 -2 8602 99.6 -3:26
¥ 000 ”.5 754 -2,414.7 -2 ,220.0 1004 =3.26
W A2 ».7 < 2 =2, 3742 -2,776.2 107.1 =3:26
w n? 100.7 582 -2.331.3 -2,728.5 101.8 . -3:26
13,2480 1.6 304 -2,205.7 =2,676.4 102.3 ~3:27
13,497 1924 433 -2,236.8 -2,615.4 102.9 -3:78
», M5 1031 369 -2,184.2 -2,556.7 103.3 -3:30
1,451 1096 312 ~2,126.9 =2,437.5 103.7 -3:32
17,.1m» 106,31 294 a2 06k 2 =2 ,%10.9 104.1 =3:35
- 17 608 106,53 m =-1,995.0 -2,325.56 1044 =3:39
-2 18,211 1049 172 -1,973.7 -2,235.6 104,56 -3:43




TABLE 5—I.- DSXY PARAMETYRS DURIYS LAUICE - Tontlnue.

1

Predicted
Time of

Free Fall
Ceeund to
Elapasd Teureial Alcivwie Predicted Predicted 300,000

Time Yelectty Al ivwids Rate SrLERR(R Perigee Apogee Yeat

- _J] (ft/onc) (i) It/ sme) (= mi) {n m1) (o mi) (eir:pec)
£ ] 18 8506 103.1 110 -1,850.4 -2,152.0 104.8 «3:46
£ n. 107 195.3 -1,782.3 -2,060.3 104,.9 =3:45"
299 423 -1,701.1 -1,959.1 104.9 =3:55
il », 10 ~1, 6062 -1,846,9 104.9 403
o BB ¥ 4050 -1, 82 3 1,722 105.G ~4:15 y
2 F W, ] -1,368.9 -1,582.3 105.0 -4:31 -
=30 n_ M ¥ -1,216.4 ~1,424.0 105.1 bz 54
okl F - g4 - -1, 0164 -1,243.9 105.4 ~5:26
wta. oz’ 2,38 -1,008.0 -1,237.3 105.4 -5:27
] 22 A5 - 4777 -1,212 4 105.4 -5:24
il n_ 907 25 5509 -1,152.1 105.5 -5:23
3 b - - 26 B4 6 «1,088.5 105.5 =-5:30
] . -8 TT. i -1,022,1 105.5 =5:34
X D.2m 107 -490.0 -952.6 105.4 =5:39
ol Fo W 138 5985 ~879.9 105.4 =5 rdb
~ZAJ5-TN fnaging

AL -7 iaamankin, ke

o A e —
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TAME 5-I.- DEXY PARMEETER: DURING LAUNCE - Toacludeod

Predicted
Time of
Free Fail
Aomnd to
Mapasd Imartial Alvicude Predicted Predicted 300,000
s Yaleciry Alsitwde late SPLIRNE Perigee Apogee Feet
fipenes) {fzfsac) {» wd) (ftfsec) {n mi) (n wi) (n mi) (min:sec)
PP D0 ws_e -162 4543 -303.8 105.3 -5:56
2etp D M1 5.2 -17e 23754 -724.2 105.2 -6:00
2o 4,7 6.9 -188 3.8 -640.5 105.0 -6:26
W20 0,20 we_6 -199 40_5 -552.8 10%.8 —6:50°
wele 34407 0.3 - 1585 —460.5 104.6 -7:22 -
MWets 24 0% 140 -186 451.6 -363.5 104,4 -3:29 =
e 24 886 w._s -1a2 2.4 -261,2 106,1 -9:22
1000 25 008 w06 -106 1,583 -193.8 103.6 ~11:32
13130 23,0 1954 %2 3,091.1 -39.9 103.2 -15:36
120 23,528 M4 -10 -1,970.0" 80.4 202.7 -59:59""
Nt el 25,00 1994 -1 -1,966.2" 99.9 1026 -59:59
11:3¢ 2. w7 10,4 0 -1,931.9" 102.3 102.6 -59:55T
note™ T 23,5 1904 ) -1,525.5" 102.3 102.6 -59:55""
5—

[ -‘-G (Motance Irem carveat pesition te target - perigee greater than 300,000 feer)

:p-dhm-m(-azn)-mpu“mm,owznz)
Ouldenes ouzeff
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bl ¥ b, ) 4,235, 9% .11 b 30,97 12,37 o, 28
Je2 07 .10 w135 2,98.7) 1243 3,40 11, % 72,40
[T ) ¥ by, 72 15,33 L -3 .08 30,75 T1.48 e, le
| ] o 0,77 X A, 0m 82 w13 ud 10,83 h.oe 320,93
M - e il.09 18, 344,92 ., 36,92 10, % i, 12
ol », 5088 1i.93 [T T 159 non 19,0% 37198
e P W TYT AT 1L A 19, .. 52 - s Lo 5 e,
wie H, A2 8 [F ] 11,0959 - 05 LIS | 9,02 $23.97 'y
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TABLE 5-V.- TRAJECTORY CHARACTERISTICS FOLLOWING MODE IV ABORTS FROM THE
FOMINAL LAUNCH TRAJECTORY = Contimued
{b) With 10 -Zps pad
After Burn Pad of 100 ft/sec
Total
At Abort Iniciation SPS
Ground Total Sensed Predicted Predicted
¥ Elapsed Ineriial SPS Burn Velocity True Apogee Feriges
< £ Time Velocity Duration Change Avomaly Altitude Alcitude
i (min:sec) (ft/sec} (min:sec} (ft/sec) {deg) {n mi) (n mi}
= g
s 9:50 23,608,6 3319.97 2,327.6 352,11 194,47 77.87
v 9352 23,648.9 3:15.84 2,2713.7 350,96 191,32 .77
1 9:56 23,689.5 3:11.75 2,220,6 349,88 188,56 78.66
g 9:56 23,730.0 3:07,68 2,168,1 348,86 186.03 79.06 v
<t 9:58 23,770.7 3:03.62 2,115.9 347.86 183.68 79.46 “
10:60 23,811,5 2:59.57 2,064,0 346,87 181,46 79.87
10102 23,852.5 2:55.30 2,012,2 345.93 179.35 80.29
‘ 10:04 23,893.6 2:51,43 1,960.8 345,03 177,36 80.70
19 10:06 23,9347 2:647.37 1,909.6 344,15 175.51 81.12 ]
' 10:08 23,976.0 2:43,31 1,858.8 343.31 173.79 21,54
10:10 24,0i7.0 2:39.25 1,808.2 342,50 172.13 81.96

10:12 24,058.8 2:35,17 1,757.6 351.71 170.48 82,40




TABLE 5-V.~- TRAJECTORY CHARACTERISTICS FOLLOWING MODE IV ABORTS FROM THE
NOMINAL LAUNCH TRAJECTORY - Contimued

(b) With 100-fps pad = Continued

After Burn Pad of 100 ft/sec

Total
At Abort Initistion sPS
Ground Total Sensed Predicted Predicted
Elapsed Inertial SFS Burn Velocity Trus Apogea Perigee
Time Velocity Durstion Change Anomaly Altitude Altitude

!nin:uc} (fr/seac) {3in:sac) (ft/sac) (deg) {n mi) {(n wi)
10:14 - - 24,100.3 2:31.08 1,707.1 340.9% 168.85 8284
10:16 24,1419 2:26,.98 1,656,7 340.20 167.23 83.29
10:18 24,183,7 2:22.84% 1,606.2 - 330,48 165.63 831.75

10:20 24,225,7 2:18.6% 1,555.8 338.78 164.05 84.22 by

[ ]

10:22 24,267.8 2:14.54 1,505.5 338.12 162.52 84 . T0 &
10:24 24,309.8 2:10.75 1,459.9 337,54 161.37 8s. 11
10:26 24,352.0 2:06.20 1,405.4 336.87 159,62 85.67
10:28 24,3943 2:02,02 1,355.6 336.29 158.24 86.16
10:30 24,436.7 1:57.80 1,305.6 335,75 156.70 86.69
10:32 24,4791 1:53,58 1,255.7 335,24 155.22 87.22
10:34 24,521.6 1:49.33 1,205.9 334,78 153.74 87,77
10:36 24,564, 1:45.07 1,156.1 334,36 152.27 838,32
10:38 24,607.1 t1:40,.70 1,106,2 - 333.99 150,81 88.90
10:40 24,650.1 1:36,48 1,056.4 333,67 149.36 59.49

10:42 24,693,2 1:32,16 1,006.7 333,42 147,93 90.0%




TABLF 5-V.- TRAJECTORY CHARACTERISTICS FOLLOWING MODE IV APORTS FROM THE
HOMINAL LAURCH TRAJECTORY - Continued

{b}) With 100-fps pad - Contimued

-

After Burn Fad <f 100 ft/sec

~ Total

At _Abort Initiation SPs

Ground Total Sensed Predicted

Elapsed Inertial 5P8 Burn Velocity Troe Apoges

Time Yelocity Duration Change Anomaly Altitude

{min:sec) (ft/sec) (min:sec) (ft/sec) (deg) (n mi)
10:44 24,736.3 1:27,.84 957.2 - 333.z22 146,56
10:46 24.779,5 1:23.50 907.7 331,10 145.21
10:48 24,8228 1:19.15 858.3 333.07 143.84
10:50 24,866,1 1:14.78 809.0 333.15 142,46
10:52 24,909.5 1:10,40 759.7 333,41 140.98
10:54 24,952.8 1:06,00 710.5 333,84 139.50
10:56 24,996, 1:01.58 661.4 334,43 138.09
10:58 25,039.9 0:57.16 612.4 335.20 136,76
11:00 25,083.7 0:52,72 563.5 336.19 135.47
11:02 25,1277 0:43,26 514.6 337,44 134,24 .
11:04 25,171.8 0:43.79 46°.8 ils.98 133.07
11:06 25,216.0 0:39.30 417.1 340.87 131,97
11:08 25,260,2 0:34.82 36a.7 343,13 130.96
11:10 25,304.5 0:30.30 320.4 345.82 130,05
11:12 25,348.9 9:25,80 272.2 348,98 129.24 .
11:14 25,393 .4 0:21.30 224,1 3is2.63 128,57

Predicted

Perigee
Altitwde
{n mi)
90.69
91.3¢
91.9%4
92.59
93,30
94,00
% 76
5.9
96.23
96.97
97.70
98.43
99.13
99.81
100,43
101.03
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TABLE "5-V.~ TRAJECTORI CHARACTERISTICS FOLLOWING MODE IV ABORTS FROM 1HE
NOMINAL LAUNCH TRAJECTORY - Concluded

{b} With 100-fps ped - Concluded

At Abort Initiation

Gr
Elapsed
Time

s-inzlecz
11:16
11:18
11:20

11:21.5
11:21,7

11:22
11:24
11:26
11:28
11130
11:31.5

Inertial
Valocity

gftlucz
25,438.0
25,482.7
25,527.5

25,561,0
25,565.1

25,566.1
25,566.8
25,566.9
25,566,9
25,566.9
25,567.0

After Burm Pad of 100 ft/sec

~ Total
sPs
Total Sensed Predicted Predicted
8PS Burm Velocity True Apogee Periges
Duration Change Ancaaly Altitude Alcitude
fmin:sec) (fe/sec) deg) —(nwi) nat)
0:16.8 176,2 356,79 128,04 101.54
0:12,3 128,4 1.43 127,68 101.97
0:09.6 100.0 1.79 137.15 102.21
0:09.5 109.0 10,78 156,52 102.29
0:09.6 100.0 10.82 156,75 102,20
0:06.6 100.0 10.86 157,23 102.20
0:0%.6 100.0 10.88 157,48 102.20
0:09.6 100.0 10.88 157,50 102,20
0:09.6 100.0 10.88 157.52 102,20
0:09.6 100.0 10,89 157,54 102,20
0:09.6 100.0 10,89 157,56 102.20
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Flgure 5-1.- Nominsl launch sbort mode timeline.
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Figure 5-3.- Near-insertion abort mode overlap.
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Figure 5-10,~ Launch escape vehicle configuration,
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6.0 EAKTH PARKING OREIT

Preflight computations for aborting from earth parking orbit are .
provided the crew and targeted so thet the landing oczurs in one of three
possible areas. Should it become necessary to abort vhile the crevw is
out of communication with the grourd, a solution would be available,
After reaching orbit, the ground updates these solutions so that the
¢rew alvays has one solution for a revelution ahead of when it would be
used, DBecause thiz type of abort i{s well documented (ref. 17}, no
further information is required of this document,
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7.0 THANSLUNAR INJECTION AND TRANSLUNAR COAST FHASE

7.1 Translunar Injection Monitering

As shown in figure 2-1, the primary cbjective after a provlem
develops during TLI, as vell aa all other missicn phuses, is to perform
an alternste mission. Hovever, if the need to abort occurred after a
nonnominal TLI maneuver and before the initiation of the alternate
mission, the extent of the deviated flight conditions must be Xnown
in advance to insure that abort capability vill exist. Tnis has beer
done by the development of a crev monitoring procedure which includes
appropriate S-IVB shutdown limits.

The crev must te able to menitor and evaluate TLI without ground
suppurt hroause the naneuver ¢an occur off the MSFN tracking range.
In general, TLI occurs at various lecations over the west Pscifie
Ocean and is described by figures 7-1 and 7-2. A schematic of the
bagic crev monitoring technique is shown in figure 7-3. It i{s noted
that &1 sbort can be performed for S-IVE attitude rate and attitude
deviation problems as vell as Tor SC system problems. Since 3-IVB
problems would normally result in a SC alternate mission, only a
eritical SC system problem is likely to require an abort.

There are several cignificant items to be notad sbout the TLI
monitoring technique:

1. TLI will be {nhibited if prior to ignition the launch vehicle
attitude is more than 10° from nominsl as determined by horizon
rererence,

2. TLI will be shutdown bty the crev for S-IVB inltiated rates of
10 deg/second.

3. TLI will be shutdowm by the crew with the atort handle for
attitude excursions ¢f L5°% from the nominal attitude as determined by
onboard charts of the rominal pitch snd yaw gimbal angle histories.

i .

L, A btackup to the 5-IVB guidarce cutoff signal will e perforrmed
by the crevw if the S-IVB has not shutdovn at the end of the predicted
burn time plus a 20 dispersion of 6.0 seconds and if the nominal
inertial velocity as displayed by thne spacecraft computer has been
achieved,

The rationale for the monitoring procedures and the determination
of the limits noted above are documented in reference 18, 19, and 20.
It i3 noted thet item 3 has the lurgest impact con possible abort
maneyvers since attitude excursicas can reduce perigee to a3 lov as

et IS s e .




7.2

e g, =i, Fowever, lelaning the shutdown to he® crtimizes chanceés Tor
hivire tince for an entry mil:ourse maneuver rellceing a Ti

Tle crev charts nsted In ftem 3 are shown in vigures {-4, 7-5,
7-6. Tre dcutle z2nle on the riteh chart, Tigure 7-L, indicates

2 TLT ignition gimtal an-~le for a 72° launch azimuth, For any

er Jday or azimuth, th= crew will renurber the scale bty changing the
era poirt to the Igniticn riteh zirtal angle uplinved in EFQ by the
roird. Varistions in the inertisl pitch and yaw histories are within
® s §% for 211 TLI oprortunities In the Decexzber vindow, as shown by

an

Pl e 1
ST b e

F i O S IR

ficures 7-7 =nd 7-8. Sinc2 the lirits of L5° are s> vide, it is felt
that these variations are relatively small and that the crev charts
(figs. 7-% through 7-6) wsre alsquate for all Decenber TLI maneuvers.

T.2 Atarts from the Trarslunsr Intecticn and Trarslurar Coast Fhases

7.2.1 Suqmary and introducticn.- This zestien presents &
trajestory snalysis of atorts initiated durins the second &-IVE turn,
jmroliately follewing this turn, and on the translursr cosst leg of
tre Arollo & mizsion. Tt =sleo presents an anslysis of atort maneuvsr
dizpersicas for aborts prey’ormed during and jrmediately folloving the
sgzond S-IVE turn.

The postabort trajectories resulting from early £-1IVE shutdown
and ontoard determiraticn of akort meneuvers may result in iand landings
folloving an extremely rapid return flight time from atert to reentry.
Eowvever, if the S-IVB is allowed to burn to guidsree cutoff and an
stort mansuver is perforrmed in a time frame allowing IMU aligprment,
PGNCS targeting and s PGNCS-controlled maneuver, the resulting
landing point will be in one of the five CLA's following a return
flight time of from 11 to 18 hours.

Atorts performed during the translunar coast phase would normally
te targeted to the prime CLA; however, abort tralectory data ar= presented
for arorts to all recovery &areas,

The trajestery data inclulsd in this secticn represent the
results of digital computer simulaticns of the abert techniquzes defirned
in reference 1.

7.2.2 Data used to senerate TLI and TLC abort data.- Inputs

uged to generate the enclceszed abort trejectory data for TLI and TLC
aborts include the following:




T-3
Abtort tezhnigues o 0 oL 0 0 0 e 0 s e 0 ref. 1
Launch vehicle reference trajectery . . . . . ref. 3

Entry range tunctions
{cnly constant-g functicns and contireerncy

target lirnz were used). v v . 0 0 e e . ref. 21

3 LT T TN 0,235

CSM weights and €ofe « v 0 v s 0 e e e s ref. 10

SF3 thrust and 1 e e e e e e e s e e s ref. 22
sp

Reentry corridor .« « o v v« 0 s 4 e v v v ref. 23

In sidition to tre above inputs, note that the computer progran
used to generate the enclosed dats vas referencte 2k, whick includss the
Fiscrer earth model as the reference ellirsoid. Tre effects of gravita-
tional perturtations froo the cblate esrth, triaxzial =2on, and sun zre
included.

7.2.3 The 10 minute abort.- The contingencies with vhich this
section is concerred are the spacecraft subsystens problems vhich cun
be isolated during TLY and which +as r1esult in catsstrophe if acticn
is not taken irmediately. Ncte that, st this tire, there are no known
single point failures vhich would require tre crev to manuslly shut down
the S-IVS and irpmediately execute an abtori maneuver.

It has been recomrended in reference 1 and in numerous meetings
with Apcllo e¢rev members that if the situation permits, the crev should
allow the S-1VB to complete TLI, at which tire the ground and crew can
perfornm 3 malfuncticon analysis to determine the necessity of an ahort.

If a critical subsystems failure cccurs durirg TEI and nessssiiates
the shutdown of the S-IVB and the immediate return of the ¢rew to earth,
the folleving sequence will oceur leading to the sa-called 1Q-rirute
gbort. This is & fixed attitude stort (attitude is estadlished preflicht,
fiz. 7-9) to be perforred 10 minutes after S-IVE shutdown and targeted
to the contingency entry target line.

Tire from 3-IVB cutoff, Event
g.e.t., rinisec

00:00 S~IVE burn time is recorded; THC is
turned counterclockwise initiating

S-IVE shutdown. Inertial velocity
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(71) ts rererdod frow the LINY. The

faur +X RCS Jet: ire turred an.

The feur +X EC3 Jety are turned off,
ard the crev tesins pitching up
(fxb down) to -r (3o tre radius

vestor) using the earth as tre visual
reference to Jdetsrrine -r.

the four +X FECS Jets are turred cn to
initiate an evaszive rmanelver to
trrovide cleararze tetween the T3 ard
S-1¥3 for the stcrt maneaver,

Tha four +X FJ3 fets ars turred ofr,
ani the ecrew teozirz -arsuvering to
abort maneuver thrusting attituils
(fig. 7-9) drivirs to the
following IV pirtal angles initizlly:
CGA = 1327
MN3A = 0.0°
IGA = ground corputed rprior to
lift-cff.

The crew selects the abort AV from a
crart of AY versus Vi wund S-IVE tB

and enters this value in the AY
ccunter. The crew begirs preparaticns
for an SC8% automatic maneuver.

The CQAS elevation anglé is reset to G°.
CLE pilet adjusts his positicn in tke
couch to view the horizon through the
CCAS reticle ipags.

The spacecraft is eligred to tre reguired

harizon refersnced attitude (fig. 7-9).

The SFS is icnited and the turn iz

controlled by SC05 sutcomatic.

The above timeline has bLeen recommended; howvever, it should e
noted that the controlling tizeline will be presented in the Apollo Atort
fummary for Apollo 8 to be prepared by the Crewv fafety Section, Crevw
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€afely and Precedures Eranch, Fliglt Crew Supp:ort Divisien.

Figures 7-10, T-11, and 7-12, which shew atert 2V reasured aleng
the ¥-bedy axis, FP3 atcort bturn tire, and time from SE3 atert {cPs off)
to reentry as functions of inertial veloeity at atert ccnstitute the
charts that the crew %ill need onboari on tre day of laur:k., The:e
figures are deutle ecaled at the top and bottor showies both F-IVE turn
time and inertial velcoity, respectively. C-IVE turn tiee in required as
the backup indepenient variable for deterrinins the stert &7,

Figure 7-13 shows the landing point 1n2i as a funstion of V-IVR
turn time for three TLI's cn the noninal dey of laurnch when the atcert
i¥'s shewn cn flgure 7-10 were applied at $-IV. cutoffeplus-10-riratis,
¢rewn on figure T-1% is the ground elapzed tire of continuras VOERS
tra~x as a function of irertial velecfty at S-IVE cutoff.

Figure 7-1% shews the altitude at which the O seall beoat aborh
rareaver initiaticn 2z 1 functicn of the fnertial veleoxity 3t [ A
cutoff.

s inlicated in Ve precedirs sequience of events, the proeund will
jrovide the crev with the piteh pintal ancle (referenced “o the 170k
pa. FREFSHMUAT) fer the oraw to ure for the initial attitide rancuver for
the fixel attitude atort. Thie fintzl nangle remains corztant for any
chutdown time during TLI. Thie can b= ecen in fipure 7-16, which zhrowe
the I1GA (pitch gimbal angle) required fer atorting vith the fixed
horfizon referenced attitude at varioug times from S-I¥B stutdovn as
function of the fnertial velocity at S-1VB shutdewn. The I0A at 10
minutee remaine constant for the full range of TIY velocities, Figure
7-17 shows the IGA at the mhort point as a functicn of the launch azimuth
for the plt ined day of launch.

The primary purpose of th: fixed attitude abort 1z as stated
previously: to re‘urn the crer to earth as rapidly as possitle without
regard to landite location.

In order to desipn this at:rt to te as {nsensitive to executicn
errors as possitle, the maneuver is targeted to achieve the midecrridor
or contingency eniry target line {ref. Zi). Alsc, thls is the eame
entry target line that {e stored in the CMC; therefove, syt s&quent
nidecurae corrections determined ontoard will be tarpated to the antry
tarpet line uaed to determine mbort AV,

Trres poseible sources of executi~: errors have been considered in
thie ana yels and their effects shown. 0Of the three sources studied,
fgrition time errors and abort AV errors have proven to be the least
sensitive {l.e., the eff¢ t of the errors are more tolerable). The
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abort rancuver Ig very sensitive with regpect to attitude errcrs for
aterts perfermel after about 200 seconds into the TLI burn; however, past
*vis tire sufficient tire remains prior to entry to rerferm a mideoursa

¢ rrecticn tack to the entry target iine,

Firpures 7-18 and 7-19 chow the effect of {sfniticn tire errors cn the
fir-1 attitile at-rts if eitler the nominal horizen reference attitude
crothe correzpinding inertial sttitude fg used to perfors the abort
“hrever. Theze figures chow the dgnition time can be off ty as much
12 1 ninute ani the nancuver ¢an still achieve thke cntry corridor.
ibe raneuver used at the dispeorsed {gnition times wa= that uszed to
renerate figre 7-19. The actual absrt &V requirz1 at the disperced
irntticn tires can te determined fros figure 7-20, which shows the
required at-rt 2V for ecveral Aelay tires,

Pieare T-71 staws tre tolerable piteh errcra for the atort mancouver
wovnticn as a fur “tien of frertial velosity ab C-1¥F cutoeff. Nota
that thie errcr con te very large for efarly stutd wn- and an accuracy to
withine P70 fr pepainsd ©00 a0 Tive D abtit e ato ot o1l wins wominal il
Clncethe sot ol s e attitale wITL te deter ed ty visual
veforernio, the leposs of executdyon wrror garn orly @ - letepafns}
Sopdricnily thee ot =in Yation. bro corversat! o with Apolle crew
renters Itoeas Toad that A eaete) accaracy {nopiteh duringe the
atiitile alde-mont ds Githin *3%, Fazel on this expected aceuracy,
It can Lo soon o flgare (222 Ahab ove o i€ the TLL biun {2 nom{nal,
Totre maeuver is porformed at the corvoet lgattion time, and i
thz woprect atort 7V 15 ueedy 4 Vo0 w111 Yo reqifred for aboris
cieorring after at ot 200 socoands fobe VLT, e expected magnitude
of this '’ cap be determired from Cigures 7-23(a} and 7-23(b), vhich
show the HOC AV as b function of inertial veleocity at "-1VR cutoff for
Y37 pitch errers If the MCC 1= performed At varioua d=lay times following
the abtort meneuver.

Firure 7-24 showa the magnitule of abart AV rrror that can be
tolerated ard still achieve the entry corrldor,

frie porz2ibie reason that nfght eauer an atiftude misalicnment when
gerforrine the fixed attitude atort manevver is mistaking the earth's
terrinator “or the horizon. Fleure 7-73 shavs tie piteh arprr that
2eald resdlt in thie frstan s,
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7.2.4 The 90-minute abort.~ As rtated previously, it has been
recommended that, 1f pessible, TL1 rhould alwa's te continued to
torinal cutoff, at which time the ground crrtrollers and ¢rew could
perform a malfunction analysls to determine the nezegsity of an aboert.

If it is determined that an abort maneuvep 1s required following TI.I,
the pround ani crew %iil begin preparaticne leading to an abort maneuver
terformed approximately %0 minutes from TL cutoff. iHote that the
90 ~inutes tirz ie not the time of actual GFS fgniticen. This time has
teen fixcd primarily as irput time of {gnition for P-37 {cnvoari
return-te-earth atoel rropran} if the crev 13 ever required to calculate
the at.rt rancuver ontoard and to sllew the ground computers to perform
the same calculaticns to dotermine vhe CM laniing point., F-37 wf11 bte
used to enable tlte crev to returp-lo-varth {f a criti:al subsystems
fatlure oscur= 1=t reyires an atort and preund-te-alr communicaticons
sre lost, Ghe oriteiia for letep—inire the 92-riite abort pY
ragnitule are

1. The avort tratecto.g petuin~ tnon Mih,

2, Feturn fleht 1ien A o2 st pvcre ] 1A Y ps (fren TLT entoff to
landirng).

3, Atort AY does ot ~xcr o4 TO00 e,

Figure T=74 shows the tima freem TFC cutoff to reentry as a functien
of the abort AV required for the 00-miiute abort, Thie Indleatas the
minimum AV for the 90-minute abort mansuver §s about 4270 fps, vhich
corresponds to the maximum return time of 1 hours.

For the full range of porsible mbort #/'s, the earth will always he
fn viev at 8P3 Ignition but & emall portion of the earth will be obscured
by the lowver tlght-hand side of the left forvard vieving vindow. This
{8 showr In figure 7-27.

Figure 1-28, vhich shovws the -pad referenced IM} IGA and the anale
between the line of sight to the horiton and the thrust vector, indicates
the horizon will appear in the wvindow at about 2,2° mbove the Xb - Yb

plane (thrust vector is 3.8” belov the X-body axis).

Figure 7-59 shows the apparent half angle of the earth {angle batveen
the 1ine of slght to the horiton and the radius vector) me a functinn of
time from 9-IVP cutoff and {ndlcates the apparent size of the earth for
various awort AV's.

For the nominel epacecraft trajectory the $0-minute abort vill
requlcs an abort AY of 5125 fps, and the resulting landing point will

—— . .

e o e
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ke In the Atlantic Ocean recovery ares. §SP3 {gnition for thls maneuver

cavurs 86.5 minutes from TLI cutofd or at Ohhzzmlzs g.e.t. for the
l'ecambet 21, 729 launeh azimuth, first-oppertunity TILI.

Maneuver execution errors of less than 1° {in pitch attitude for the
Di-mirute abort can cause the entry vector to lie outside the entry
ecrridor.  The MCC AV magnitude required to correct for execution errors
ie a function of the tira of MCC, the magnitude of the error, and the
purpose of MOC., If the NIC {s desfgned to retarget to the original
1nnding point (preatort corputed landing point) the ragnitude growvs
#r a functien of “2lsy tira from SF3 abort cutoff, If the Brc is desirned
to retarget to tte entry corridor only, the optimum orbital posttien to
frrform 1 fe at apogee of the postabort trejectory. Thus, the optimum
tire frem MTC to the entry corrfdor is & funstion of postarort true
snemaly, which, dn turn, {5 a funetion of the atort AV,

Flgare 7-30 showa the 100 AV reqiired to schisve the entry corrilzr
caly w3 oa functien of lelay tire from €13 abart e taff for ceveral piton
crremsoat Abe arort pelnt,

Flpure 7-31 zhowa the 1900 AV required to achlove the frevura-cr~puted
la:dir jolnt as functicon f delay time from SPR al-rt cutnff fer goveral
vit:h oerrora at the atort point,

T.2.5 Translunar ¢cast aborts.- In earth parking orbit, prior to
LTy Yie pround controllers will pass to the crev two ahort solutiona
tased on a nominal TLI burn, The first eolution, the %0-minute abort,
18 provided to be veed if a eritical subsystem faile and grourd to
alr ¢ommunications are lost following TLI, The second solution i=
rrovided to be used if no critical subaystems failure has occurred
but ground to air commun{catione cannot ba sstabl{ished follovwing
Ti.1. 1In both {nstances, it is recommended that the crew ratarget
the abdort mansuver onboard using F+37, This {a done to mccount
for any tralectory dispersiona which mlght be {iduced by the 5.IVR
Lirtne TLI.

Follewing TLT, the ground controlliers will periodienlly provide
abert galutians (block Aata) to the crev to be used {f simcecraft
semmanfcatizna 1afl. In theme instan-es, It is also recommended that
F-4 Yo 1) for MCC following the atort maneuver,

The tlock 1ata snlutions provided the crev during TiC will be
targeted Lo return to the prime CLA located in the middle of the Pacifie
(ceari. ihis does not preclude the targeting of abort solutifons to any
of the four remaining contingency areas or returning the crew to an
unspeciried vater landing aren Lf the sitvation wvarrants such setion,
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For abort maneuvers targeted to an unspecified ares, the return time
fz simply a funetion of orbital position (delay time from S~IVH ontoff)
and the AV expended. This is shovn in flgure 7-32, which presents the

time from abort to reenlry (TAR) as & function of the delay time from ;
S-1¥B cutoff for several abort AV's. Note that after about 36 hours

the total AY availatle {about 10 00O fpe) could not be used without
viclating the maximum reentry velocity. Flgure 7-33 shows the total
flight time (time from S-IVB cutoff to landing) as a function of

entry velocslty and delay time for several abort AY's, The effect on
entry velocity of using various amounts of sbort AV on entry veloclty can
be aeen more readily in flgure T-3% which shows entry velocity as a
function of delay time for several abort AV's,

el

Au mentioned previously, the thrust vector for the F0-minute abort
15 atout 6° below the crew line of sight to the horizon, or about 6°
tetween the radius vector and the thruat veator with the earth In the
vindew at SPS {gnition. Ag the epacecraft moves farther cut on the
TiC, the angle between the thrust vector and the raldlus veetor decreases,
Aleo, the attitude &1fference tetween very small AV atort mansuvers ard
very large AY a%ort rarcuvers decreases. After atout L hours on thre 110,
the angle betveen the thrust vecter eand the radlus vector Is abnut 27
and the attitude difference between emall und large AV maneuvers is less
than 1%, At the 1aat blook data abort point on TIC, the thrust
vector 1s Aligned along the radlus vector,

This phenomenon then alvays allows the earth to be used a5 a 5
visual reference for the TLC return-to-earth maneuver. Also, since ve :
knov the attitude difference between the very small 4V's and very large ]
AV's to be very emall, the abort targeting to contingency 1anding areas
can essily be explained in terms of abort AV and return time, Suppose
at some time on the TLC an abort solution is found vhich returns to one
of the flve contingency areas {fixed longitude); that solution vill
requira x-fps abort AV and will return in y hours, For that same delay
time severnl solutions exist that return the £C to that msame contingency
area. If more &V {s applied at nearly the same attitude, the return
time ir shortened, and if less AY is applied, the return time 19
lengthened, To find the other solutions, the AV must be {ncreased
sufficiently to shorten the return flight time by exactly 2k hours or
decrenstd to lengthan the flight time by Zb houre. This can be peen
tn figure T7-135, vhich shove the abort AY required to achieve the requires
total flight times to the varicus contingency areas as a funetion of
deiny time from 8-1YN cutsff, For any glven delay fime, several sclutions
to the mame contingency area exlat with a difference in return time of

24 hours,

Figure 7-36 shevs the latitude of landing for applying various av's
at various delay timea if the solution achieves the contingemay ares,
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The RTCC displays this type cf information to the flight controllers
fer abort planning and for a first guess to subsejient abort hrocessors,
Lroe the final desired abort soluticn has beon selected, the flight
cuntroller will generate a zet of digital infeimation anl a tarpet 1oad
for each abort solution.

) All planned raneuvers cn ipollo 8 will te performel using the
external &Y guldance {n the CI%, Table T-I presents representative
Irformaticn that will te {n>laded as gart of the Lleskx Jdatas {nformaticn
te te provided the crev pericidically durlng TLC,

Fiaure 7-3f shows poctatort ground tracks that weuld result feon
trileying the atort eoluticns in Tatle 7-1. Fipre 7-3% shows postabart
tratking from the 14 1{sted 'URY sites,

|
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} 8.0 LUNAR ORBIT INSERTICN AND LUNAR ORBIT PHASE

8.1 Lunar Orbit Insertion Monitoring

' : Since LCI alwaya cccurs behind the moon, the crev must be able to
evaluate the progress of the maneuver vithout ground support. Although
there ate two LOI burns required to produce the desired 60-n. ml,
altitude circular crbit, the monitoring requirements are prirarily for
the first turn (LOI), because the second burn lasts conly atcut 10 seconds.
(Figure 7-3 depicted generally the recommended crew monitoring technique.)

Whereas ¢rew safety {s alvays the primary chlective in lefining
monitoring procedures, an Important second objective is assurance tkat
adequate abort capebility iy provided and {s compatible with possible
results of the monitoring procedures. This seccrl objeztive was
accomplished for 101 bty defining sound precedures for the two types of
jreblems possible during LOIy that s, those perturbing the trajectory
{tyre 1) primartly guldanc» and control problems, and gpacecraft pro-
fulsicn (type 2) or other system prodlems which da not affect tha tra-
‘ectory. It vas recomnende) §n reference 25 that problems of type 1
te handled by having the ¢rew take manual control of the FGHCS-controlled
raneuver and complete the 106 at tne original ignition attitude, One
of the r-3t dangerous type 1 poss’bilities could occur if the spacecraft ;
1M Arifts during 10I. For & srall Arift, the ¢rev cannot detect its !
presence until an atiitude deviation builde up snd appears on the secondary '
fnertial nttitude reference. 3ince the 4rift cculd have occurred in the ?
‘ secondary roference as vell ag the IMU, the crev vould have been unable i
- to distingulsh the errcnecus system until it vas discovered that the 508
attitude error needles {a third inertial reference) provide a tie-breaking
capatility. This would then enable a manual takeover and burn completion
into luner parking orbit. B8ince vncorrected IMU drifts {n pitch can
produce impaciing trajectories, rulss vere then developed to define attitude
1imits for vhich a tekeovsr should be initiated,

These rules and limite require a manual takeover with the 808 at
15° attitude deviation betvesn ignition and 100 seconds and 10° attitude
deviation after 100 seconds. In general, the 15° is for possidle start
transients, and the 10° {s to prevent an undesirable pericynthion,
Actually these numbers have more significence for transearth injection
but are used for LOI as vell as for simplicity., The effects on peri-
cynthion of platform misalignments and constant drifte through LOI ;
5! are plotted In figure B<1. Effects of the takeover rules and limits ary

thown in figure §:2. Ae pointed out above, & third inertisl reference

{n required during 101 to insure that the IMU does not cause an impacting
trajectory, Althoush thers are shres inertial referense eystems
in the spaseoraft Ahat S0uld Be wsed for LOI, an external referense sueh
aa the lunar horisen or etars may provide sn sdditishal referends,

ot




|

8-2

As in TLI, the LOI rate limit {s 10 deg/sec and results in a orev takeover
und manual completion of LOI at ignition attitude,

Type 2 problems Nay dictate the necessity of an immediite abort maneuver
which tekes place 15 minutes after the crev shuts down e nominal trajectory.
Froblems of this type are primarily due to SPS problems and include loss
of pressure or tsmperature increaser, vhich gensrally means that the
3P5 engine could have a limited dburn time conetraint or maneuver capabiiity.
More epecifically, the temperature problem {s & result of a hot spot on
the engine noztle vhich could produce a hole and then an sxplosion.
Increasing temperaturs {s displaysd to the ¢rev by a flange temperature
light in the spacecraft. Seriocus 5PS pressure problems are

1. Sugtained preesure decay in efther fuel or oxidizer tank,
2. Thrust chamber pressure goes below 70 psi,

3. A Aelta pressure of grester than 20 pal betwveen fusl and oxidipsr
tanks,

Although buflt-in redundancy may require two failures tefore these

problems are time-critfical, the desire to get the large (approximately
3000 fps) abort maneuver completed as scon as possibie to Insure lunar
sphere escape i¢ the major Justification for the 15-minute abort mode,

Insdvertent shutdovns will be handled by ground control. Backup ‘
of the PONCS LO1 cutoff is performed by the crev primarily on a G-second
time bies to the nominal durn time, In susmary, guidance and ¢ontrol
problema during LOI result in crev takeover and burn completion to near
notinal LOI And conditions from which an abort could be initiated, end
SF} problems result in early LOT shutdown and abort.

%
]
{
]
i
i

8.2 Avorts During LOI and Lunar Orbit

8.2.1 [Jatrodyction.~ The LOI burn trsnsfer the spececraft from a
free-return ciroumlunar trajectoiy to the lunar parking orbit, The
transfer consists of tvo BPM burns of approximately 246 and 10 ssconds,
respectively. Folloving the firat burn (10T 1) the spacecraft constys in
s H0- b{ol’ro-n. mi, altitude lunar orbit for two revolutions. The
second [OT burn (LOTI #) {» {nitiated at the third pericynthion to achieve
the 60- by 60-n, mi. altitude lunar parking orbit.

Premature teraination of the LOI maneuver places she vehicle in &
nonncminal lunar orbit from vhioh sither an sltersate mistion or abmt
situation may result. An early shutdown of vhe 6P engime may ocour &
& rasull of w0 sivuasionat
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1, An early PUNCS shutdown. ’
2, Menual shutdown by the crev, N

Manual shutdown should oocur only in the event critical SPS systems
problems which would severely restrict the future performance of the
engine are encountered. The 5PS systems malfunction 1imits {pressure
and temperature) for a manual shutdovn vill require an abort maneuver
vhich is executed as scon as poseible, These limits will be specified
in the Apollo 8 mission rules, By definition, therefore, manual shutdown
gilzge SP3 engine normally should not otour unlesns one of two situations

1, Fallure of the 5FS engine {s i{mminent.

2. Engine performance has been degraded and an absolute minimum
ol BP8 operation {s required.

For all other fallure situations i{n which the option of continuing
the burn {a present, [OI burn completicn has been shown to be deslrable
from an abert operations standpoint (ref. 26).

In the follovwing secttons, the primary differencea in the abort
procedures for manual and automatic cutoffs are discussed. OCeneral
parametric date of abort AY and total flight timee are included to
fllustrate the poasible tradeoffs that can Gte made in the final selection
of thes abort solutfon. Finally, crev charts that are required for onboard i
return-to-earth targeting eare included. :

.2.2 Chapscteristies of Junas rAlSGiotite CIALING {rom prEBALACY !
L1 shutdown.~ The lunar orbtits which result from prematurs LO1 shutdown
oan generally be classified in three dfstinet categories:

. ‘ i
1, Clase I - Result from shutdovnt during the firet 90 seconds of i
the 101 burn, These trajectories are hypsrdolioc wvith respect to the ;

moon and vill escape the moon's aphere of {nfluence.

2. Class II = Result from shutdowns 90 to 120 seconds into tha 101
burn. Trajectories of this type are very unstable and are greatly per-
turbed by the earth's attraction. The sarlier shutdovns result in
extremely long orbital pericda. Later shutdowns have orbital perieds as
lov as approximately 2k hours but impact the lunar surface prior ¢to
pericynthion,

3, Clnes II1 - Result from shutdowna 180 seconds to ndBiial LOT 1

shutdown (approximately 246 reconds), These are stable lumar sllipses {

vith nonimpacting pericynthions.
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Figure 8-3 shove the conle parameters at LOI cutoff as & function '
of 8PS burn time during the LOI burn. Shutdovns during the latter half

y of the 101 burn result in orbits from vhich either aborts or alterpate i

\ missions might occur, Such an alternate mission is basically nothing ;

; more than an offenaminel LOI 2 burn and the total AV of LOT 1 mnd LOT 2 i
' ‘ vould be vecy near that of the normal LOI technique. On the other haad, !
unless a corrective maneuver is made to reduce the orbital pericd and i
provide & clear pericynthion, shutdowns prior to 120 seconds necesaft.te i
an abort.

8.2.3 Abort modes.- Lunar phase mbort maneuvers for the Apollo 8
mission are of two basic types,

1. Mode I - A one-impulse maneuver which returns the spacecraft
: directly t2 earth. The abort burn 1s {nitiated as soon an possible after
101 shutdown to reduce the necassary AV, The range of LOT shutdown
' times that the mods [ abort is avallabla {s a function of the abort
AV available and the delay time o abort initistion, '

! 2. Mode IIT - A one-impulse maneuver which occurs near perfcynthion

following one or more revolutiorns in lunar orbit., The actual time of abort
initiation {s a function.of the desired transearth time and the preabort .
peried, HMode 111 aborts are avallable after 120 seco ds into the L]

burn vhere free perleynthions exist,

Figurs 8-k shove the abort mode overlsap that exists for the Apollo 8
misslon. TFor & substantisl range of LOI shutdovns, both a mode 1 and
mode 111 abort are possible due to the magnitude of the 8PB AY that
remains following premature 101 shutdown (fi{g. 8-%). It should be noted, !
hovevar, that & return-to-earth capability exists with the SM RCS for only
the firet 15 seconds of the LOI burn. For shutdowns past this point in
the LOT burn, the abort AY vould require use of the 5PS engine.

8.2.% Abort growpd ryleg.- The sbort ground rules for LOI aborts are
an followe!

b0 It a guidance cutoff oocurs prematurely and & non-
impacting perioynthion has not been aohieved (LOI dburn time ¢ 120 seconds),
2 & moda 1 abort will be Initiated as socn ae possible using an RTCC solution,

i 2. 1t o guidance outoff occurs prematursly and a stable

; lunar orbit existe, either an alternate mission or abort may result, If

, comunications are available and ap abors decision is mede, #n NTCC
targeted mode IlI abort viil bde initiated.

3. If a guidance cutoff coeurs and Olllﬂli..{{lal o Wb
aveilable, the folloviag Maokup abort vechnique will be ?:1J¢vo¢r

J———————.—-—.——._—_—_
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a. 1OI burns 0 to 80 seconds - The CSM will coast to the M51
vhere the CMC P-37 can be used for return<to-earth targeting, The
return=to=earth solution is determined, and san MCC is applies using the
SPS. {The largest AV vhich vould result is 3000 fps for shutdowns at
80 seconds.)

b, LOI burns 80 to 120 seconds - The crew will initiate a
mode I abort maneuver at 5 hours past LOI shutdowvn using a crev chart.

. LOIlbprﬁ 120 seconds to the end of WOT 1 - A mode 111 abort
will be initiated using crew charts.

L. If & manual 5PS shutdown {s required due to engine pressure or

temperature problems, the following eriteria could be used to determine
the abort mode:{although the crev has the option of using the mode I

15 minutes crev chart for manual shutdowns at any point in the IOT burn:

A. LOI burns 0 to 120 seconds - A mode T abort maneuver should
;¢ initiated at 15 winutes ueing a crev chart,

b, LOI burns 120 seconds to end 101 1 - A 15-minute mode I
abort maneuver shuuld be initiated for time c1itical 5PS engine problems.
Fowever, for minimum AV SPS problems, a mode IIT RTCC abort solution
will be used,

¢, If the 15-minuts abort verd not possidble and subsequent
communications failures occur, the backup abort technique in ground
rule 3 should be used,

8.2.5 mmmm:wwnp- This
section includes a deseription of the abort 4V requirements for the

RICC generated abort solutions. The crev charts are contalned in
section 8.2.7,

Figure 8-&{a) shows the minimum mode I sbort 4V required ae &
function of LOI shutdewn time., It is evident that the AV initielly
ineresses very rapidly as Ahe delay time from 10T shuddown ¢o ab i
inereased, Nowewer, due to the segnitude of she OPO 4V available (me
indicated on the figure), the 15-minute solution axists for she entire
101 1 burn, PFigure 8-6{b) indicates the total time from 10T shutdown
to sarth lending (TPT) for the abort maneuvers of \he previcus figure,
Of prisary interesd {4 the feot thad the Javer the mode I abory ie
dslayed, the grester vill Ve Ahe TTT,

Ia & noveal abers situation, Rovever, & retufn 40 & planaed recevery
ares vould b preferred. Pigures 8-T(a), (v), sad (o) show ske abers
AY for aode 1 Feturss Vo Whe KPL ae o Panetion of 101 shvubdewn Sime,




8-6

Figures 8-T(a}, (b}, and {c) shov returns vith TFT valuss of 53 hours

T7 hours, and 101 hours, respectively. At this point a majer difference
betveon unspecified area returns and plenned landing ares returns should
be indicated. For a particular LOI shutdown time and & given TFT to the
desired landing srea, the 4Y requirements do not necessarily increase
vith in{tial delay tire to abort. For early shutdovns this becomes
evident (fig. 8-7).

Mode IIT abort solutfons reguire much less AV than mode 1 aborts
at a particuler 1OT shutdovn. Figure 8-3(a) presents the abort require-
ments for mode III returns to the MFL. Comparison of each constent TFT
golution for the mode ITI atorts vith the mode 1 solutions of figure B-7
shows the decresse in abort AV that can be achleved by coasting one
revolution prior to abort. The minimwr AV for unspeciCied area
mode 11T returns 1s alao shovn on figure 8-5(a)} and the corresponting
TFT 19 fndicated on figure &-8(b),

8.2.6 Avort analysis of specific IOI shutdovna.- Aborts for 101
thutdcwns may te described as follova

1. LOI shutdAn at €0 scoonds (class T preatert trajectory) -
Figure 8-9 presents the abort AV and TFT for mcle 1 aborts folloving
& premature LOI shutdovn. In order to shov the relative requirements
for returns to a variety of landing areae, returns to the MPL, A0L, EPL,
Wrl, and I0L are included. As indlcated in the previous discussion,
& conaiderable tradeoff of abort 4V and TIT can be made by varying the
time of {gnition vhen returns to contisgency landing areas are deslred,
However, the minimus AV for unspecified area earth return atill has
the femiliar charscteristic of Increasing with {nitial delay time, as
shovn on figures 8-9{a) through (s), Ths TP corresponding to thess
FCUA seturns ts shown in flgure 8-9(f).

2. 101 shutdown at 120 seconds (class IIT presbort trajectory) -
Figure 8-10(a) shovs the abort mode I AY nqnireg for returns to the
MPL a8 & function of initial delay time. Except for the consideradble
incresse in abort 4V over the 60-second LOT shutdown, the tvo asts of
curves are similar and the same discusaion is applicable hers. The
wode 1 FCUA TFT appeara in figure 8-10(b),

The trajectcry {n this ocase {a the first of the class III rajec-
tories and permits the use of the more Aesirable mode 111 abort.
Figure 8-11{a) shove the abort AV for the mode 111 abort, Both types
of returns, NPL and FCUA, sxhibit & substantisl decrense in abort AV
comparsd $o the wode 1 solutions of figure B<10(a). The ¥¥hour TFI
return is no longer aveiledble dus %o the 1T-heur period of the preabort
ellipee, After one revolution the emiry veleeiry of 36 31) vauld be
oxcooded 1f an attampt at & $)-hour TFT vas mnde. The FCUA i shown
on figure 8-11(b) for various delay Vimes frem LOI shubdown.
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3. Nominal end LOI 1 shutdown {60- by 17(C=n. mi. altitude lunar
ordbit) - The abort AV requirements for a mode ITT abort to the MPL are
included as figure 8-12(s), The FCUA returns are presented in the same
figure and the corresponding FCUA TFT are on figure 8-12(d). A cherac- |
teristic of mode III aborts tu evident from figure 8-12(a). Specifically, '
vhen saveral constant TFT soluticons are avallable, the lotgest TPT avort
solution would be initinted rfirst. All LOI mode TI1 aborts exhibit this
same characteristic.

4. Nowinal end 101 2 shutdovn (aborts from the nominal
€0- by 60-n. mi, sltitude lunar orbit) - This discussion {s included with
the premature LOI shutdown description for continuity. HNovever, it
should be noted that aborts out of the nominal 60~ by 60-n, ml. altitude
lunar orblt are identical to the normal TEI burn., For completeness Jata
is shovn for returns to the MPL, AOL, EPL, WPL, and I0L recovery areas
{fig. 8-13(a)} through {e)). The FCUA TFT §s presented in figure 8-13(f).

8.2.7 LO1 crev charts,.- The crev charts mentionsd fn section 8.2.1
¢an be briefly summarized as follows:

1. Mode T 15-minute crev chart - This crev chart 18 used in the
event » manual LO1 shutdovr occurs ani an immediate abort mansuver {a
required, Folloving LOT shutdown, the crev maneuvers the USM to the
correct fnertial thrust attftuls based on a set of gimbs/1 angles relative
to the pre-l01 IMU orlentation. The abort maneuver i init{ated 1% minutes
following SPS shutdown., The abort AV magnitude i3 determined from a
crev chart. ‘

2, Mode 1 S5-hour crev chart - This crev chart is used in & manner
identical to the mode I li-minute chart. The main difference, however,
is that the mode I 3-hour chart is only ueed as & backup to the PTCC
computed solutions in She event communications fuilures cccur. Only
one curve s required, abort AY as & function of LOI burn AV magnitude,

3. Mode IIT crev chart - This data 19 used as & backup S0 FOCC
calculations and consists of two charte, The first chart presenis abort
AV a8 & funttion of LOI AY magnitude, The secomd chard is weed to
deternine the time of ignition,

MHgure 8-14(a) {s & condensation of the abort &V required charte
and includes datm for mode I 1%-minute, mode I Y+howr, and mode I1T crew
charts, Figure 8-14(b) presenss the mode I11 time of abors., Dboth
curves are based on Vhe AV segnitude of Vhe LOI bura redd fToR the
DAXY at shusdown with LOI buitm time &0 & Backup.
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8.2.8 Crev chart midcourse requirewenty.- Before discussing the
midcourse requircments of the LOI crev charts, an important comment should
be made. The bsslc reascn for using onboard crev charis for sbort saneuvers
inside the MSI is that no onboard computer program is aveilabls to per- r-
form this task. The onboard return-to-earth program (CMC P-37) can cal-

culats aborts cr MCC's conly if the CSM i{s outside the MSI at time of
1gnition.

.Normally, the return-to-earth targeiing vill be done using FICC
solutions traasmitted from the ground following the abort declsion. If
a premature 101 shutdown ocours the previocusly transmitted RTCC rbort
solutions (block data, section 8.2.9? are not applicatle since non-
nominal orbits result from the early burn termination. Therefore, the
ground will transmit en abort solution calculated §n the FTCC. However,
if communications are lceat or Lf the spacecraft 1s in s position vhere
1t could not receive the solutlcn (tehind the moon in the case of the
male 1 15-fnute abort), ontoard data §s regutred. The basie functicn
of the cr. v charts, therefuore, is to provide an abort solution thet will
result 11 CoM exit of the M3 and have MCC requirements vith the AY
remainir ;.

Tt.e crev charts sre usel for all launch aslauths and cpportunities
sn1 the MCC AV veries accordingly. It appears likely that the MCC AV
vill require use of the STS engline. An attempt vill be made to update
the mode I 15-minute chart durlng the final hours pricr to 1OI If i
significant trajectory devistions occur, For all charts, the gistal i
sngles vill be recomputed based on the actual REFSMMAT used for LOT, ‘
and transmitted vith the pre-101 block data, !
\

Figures 8-1%(a) through (d) show the expected NCC AV at the MS]
for varlous execution srrors. Based on this data and the assumption
of a midcourse AY from the RACS of 100 s it can bde seen that the following
execution errore® can be tolerated vithin RCE midcourse capability: !
pitch errsr » 41,3 dog
yaw error = t 6.0 deg :
AV error = 150 fra

t“ error - 115 sec

Tor larger execulionh errors sh 8PS midecurse wvould be required,

hese errore are for shutdowes ot \he and of 101 ) burs vhere \he

mnwmwm:m&. All sarlier shvvdswns have Bweh
mmalley AV valwes
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That is, & subsequent engine failure would be catastrophic with no
possibility of sborting.

An jmportant fact that should also be considered for the 15-mimie
abort is that a communications fallure has not necessarily occurred.
Contrary to the normal use of onboard charts, this abort mcde vas baged
only on SPS englne problems. Therefors, sn NCCT could be performed soon
asfter the CSM sppears from behind the moon and a large reduction of
midcourse AV cowld be achlieved using an ETCC solution.

Hgures 3-16{a) through (d) show midcourse requirements at the MSI
for the mode 111 crev chart mancuver. The (folloving errors® can be
tolarated using the assumptions of the mode 1 discussion.

plich error = $2.0 deg
yav error = 2.0 deg
AY error = 50 fps

L, error = 2k sec
iz

The moat ocbviows conclusion is that an 3PS midcourse ¥ill very likely
be required. This remains consistent with the abort grournd rules inm
section B.2.%, howevery that 1s, for SPE engine problems that become
evident during the LOT burn, a sanval shutdown vill ocour and & 1%-mainuie
mode 1 abort will be fnitiated. The we of sode 111 crev charts, therefure,
is generally restricted to probless with CSM systems other than the SPS
sngine alomg vith & subsaquent ccmmunicaticms fullure.

The sensitivitios of the mode I J-Mour Crew CBATY ATe #ot lacluded
in this discwenion but {t can be assumed \DAl aa SPS midcourse will also
be required.

The midcowrse calculations for Ahe mode III crev ehari sherts will
e calculated wing \he onbowrd retura=\o-earth progrem ONC P-37,
This progrem con oaly bs wed oviside the MBI, however.

8.2.9 o= During the last Rowrs of M Aranslumar
coast, abori & ond v ¢ ‘rantiitted Yo the erevw Ve provid~ caboard
targeting copability imalde Ahe MBI, fSpeeifieally, V\heoe primary selutioms
are comsidered:

hese srrers are for
WC AY roqairenests are Vhe
oF MK AV walwea.

shutdowne ot She ond of LOI 1 ware vhare Ahe
angest. All sarlier sevdovas have Bsh

!

A
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1. &0-by-1T0 block data - Following the final MCC
on the 4ranslunar coast, an avort sclution will be trensmitted to cover
cormunications fallures following the LOI 1 burn. This solution weuld
return the CSM to the primary landing area,

2. 60-by-60 block data - During the ¢2= by 170 o, ad.
altitude orbit coast, a previously-sent abort solution for the nominal
lunar parking orbit (60.. bty €0-n. mi. altitude) will be updated to accoumt
for any dispersiocns in LOI 1. This solution is sgain updated coce LOI 2
i3 complzted. During each of the eight remaining lunar orbits, an sbort
solution to the primary landing area {s tranamitted.

3. 2-hour pest-perizynthica block data - Prisr to LOT an ahort
solutlon is transmitted to the crev for an abort initiatel 2 hours past
rericynthion on the nominal free-return trajectory. This solutfon would
t2 used {f time~critical €M problems oc:ur along vith communicatione
fallures. This atort solution §s targeted to the contingsncy ianding
arca that prermits the fustest ewrth raturn.

Fable 2-1 containg general data pertaining to these block data
Atert solutions.
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TABLE B-11.~ GIMBAL ANGLES FOR LOI CREW CHARTS AND ATTITUDE REFERENCE

D R S dati e o

{ Refarencs REFSMMAT

i |

: X -.648771632 -.6611)865 =, 37684408
Y 076384116 -.54928435% 03213211
-, 75713%9 51106595 40686163

MY G'ohal Ansiny
1) Mat 204

Mode | 15 min 27.887 1.008 -177.868
Mede | B iw 7.309 3,000 0,589
Mode il 7,518 1,416 =170.443
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9.0 TRANSEARTH INJECTION AND TRANSEARTH COAST PHASE

9.1 Transearth Injection Monitoring

Like LOI, TEI occurs behind the moca and the monitoring procedures
and techniques are btasically the seme, The majlor difference is that
guldance, conirel, and system problems will all require a ¢ontinustion
of the maneuver. That is, guldunce and control problems result in
crev takeover and burn completion at the ignition attitude, vhereas
SPS or spacecraft sysiem problems are igrored until this important
maneuver is completed. A backup to the PGNCS TEI cutoff will te per-
formed by the crev at 3 seconds past nominal time, and confirmation
cf achieving the Jesired cutoff velocity will be shown by the EMS AV
covnter. Inadvertent shutdowns Jducing TEI will be restarted ir
possible within about 30 seconds or a ground solution will be required
for a later abort attempt. Since abort targeting implies severe SPS
Froblems and a communications failure would be required before an
ouboard backup is needed, the extensive preflight effort to generate
TET 2rev charts i3 unwvarranted,

: Nanual takeover of the TEI maneuve: will occur vhen, as in LOI,
the crev confirme a deviation from the fixed fnertisl bura attitude by
tvo independent references. A rate limit of 10 deg/sec vill require
immed{ate takeover, rate demping, and dburn completion, The sttitude
deviation limit vas selected vith the aid of figure 9-1, vhich shovs
the MCC required for meneuvers controlled by a drifting POGNCS platform,
It is seen that a drift vhich produces a 10° attitude change by the end
of the 170-second maneuver requires an MCC of about 140 fps. The RCS
capablility st thia point in the mission is aporoximately 200 fps, which
allovs some margin., As noted in section 8.1 (LOI Monitoring), this

criteria for TEI wes used to establish takeover 1imits, and for simplicity

is used for LOI as vell,

Effects of IMU platform pitch misalignments and drifts through TET
are showm in figure 9-2,

For consistency, any SPS abort maneuver vill be made with the iden-
tical procedures used during TEI. This is in keeping with the time-
critical nature of execution of abort maneuvers, bDuring TLC an abort

using up to TO00 fps way be required, whereas lunar phase aborts gener.lly

require about 3000 fps. Even though the takeover limits previously
described can result in large NCC's, smalles limits will probably still
require an SPS HCC. Also, the simplicity of having one moritoring pro-
cedure for all SPS turns is an important considerstion, sspecially for
the flight crev.
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9.2 Aborts [uring TEI and Transesrth Coast

9.2.1 . Intreducticn.- The TEI burn transfers the spacecraft from
the 60« by 60-n., mi. altitude LPD to the TEC. The transfer consists of
sirgle 853 bupa of arproximately 171 seconis ani irparts o AV of
X fps.

Reiterating tre philosophy of TEI burn ronitering, ¢completicn of
tho T8I ourn is rmandatory. That is, a manual shutdown will not be
ritiated for any CSM systems problem. If an early automatic SPS shut-
down occurs. an {mmediate restart vill be atteapted. Only if immediate
reignition is not possibie will an RTCC abort solution be required,
Jhersfore, sinze asbort tarzeting impllies severe SIS rreblems, and an
sdditicnal faflure of communications would Ye regquired tefore an oaboard
tacxup 15 needed, the extensive preflight effort t-~ generate TFI crew
charts is unvarranted,

In the following paracraphs. general parametric data of abort &Y
and total flight times are incluied to ifllusirate the pissible tradeoffs
that can bte made in the final selection of the FICT streort solution,

9.2.2 Charasteristics of lunar tralectories resultine I s~ pre-
~gture TEI shutdowvns.- The descriztion of the three classes 3f tralecs
teries made in section 8.2.2 applies here, with the excertion ¢f the
respective TEI burn times:

1. Class 1I1 - TEI ignition to 120 seconds.
2. Class II - 120 seconds to 138 seconds,
3. Class 1 - 138 seconds to nominal TED shutdown.

Figure 9-3 shovs the conie ﬁarameters at TET shutd.wn as a funcfion
of SF3 burn time,

9.2.3 Abcrt: modes.- The description of the lunar phase advort
maneuvers in section 8.2.3 again acrplies here. Fizure 9-4 shows the
abort mode, overlap that exists for the C* missicon, lote that a made II1
abort iz available prier to 120 seconds of TEI burn. The range of TEI
shutdowns for which a rode 1 abort is possible {5 a {unstion of the
abort AV avallsble sri the delay time %o atort initiation. Figure 9-5
shovs the SFS AV available following a premature SF3S shutdown during
the TEI burn.

-9.2.3 Abort ground yuvles.= If an automatic SFS shutdown octurs

prematurely and an immediate 5F3 relgnition is not rossidtle, the folloving
abort eriteris will be followed:




-
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1. If & nonimpacting pericynthion still exists (TEI turn time
< 120 seconds), a mode TT1 RTCC abort will be initiated.

2. If a nonimpacting pericynthion no lorger exists (TEIl burn
time > 120 seconds), a mode I abort will be inttiated as soon as possible.

It was stated in the previous TEI discussicn that crew charts are
unwvarranted since several CSM system failures must occur before they
vould be needed., Hovever, an Important onboard backup stiil available
should be noted, Folloving a TEl burn in excess of 138 seconds, the
spacecraft will exit the MSI. The onboard return-to-earth program
(P-37) is nov available to calculate the return-to-earth maneuver. The
high &V requirements would be for a shutdcewn at 138 seconds since this
is the lovest energy ellipse of the regicn., Hovever, for this case the
av = 2400 fps and the TFT = 100 hours. This is vell vithin the AV
available of figure 9-5.

9.2.5 FParametric abort dats as s function of TEI shutdown.. This
section includes a brief description of the abort AV regquirements for i
the abort solutions generated by the RTCC,

Figure 9-6(a) shows the minimun mode I abort AV for unspecified
landing areas as a function of TEI burn time. Figure 9-6(d) indicates
the corresponding total times from TEl shutdown to earth landing (TFT).
The similarity of these figures as well as the mode I contingency
landing arsa dsta Fig. 9-T{a}, (v), aud (c), to the previously discussed
LOI dats is evident, In addition, the mode III sbort AV requirements for
MPg and FCUA returns as a function of TEL burn time is presented in figure
9=0.

9.2.6 Abort nhg;xsis of specific TEI shutdowns.- Figure 9-9 pre-

sents the abort AV and TFT for mode I aborts following a premature TEI
shutdowa at 60 seconds (class IIT preabort trajectory). Dsta is included
for MPL and FCUA returns. The comparable mode III abort solutions are
presentzd in figure 9-10. As seeén in previous figures, the mode ITI

abort affords a significant reduction in abort AV over the mode I
maneuver,

Figure 5-11 shovs the abort AV and TFT associsted with mode I FCUA .
and CLA's for TEl shutdown a% 140 seconds (class 1 preabort trajectory). ;
Returns to the MPL, AOL, EPL, WFL, and IQL are jincluded.

9.2.7 Transearth coast sborts.- Aborts during the TET would be
initiated if a faster earth retuwn is required than tke nominal TEC,
The amount of time the TEC can be yeduced, however, iz limited by the
entry velocity restraints of the CM heat shield. This liaft is
36 333 fps. Therefors, depending on where {n the TEC the abort is inl-
tiated, only a small reductioa in TRC flight time is afforded since the
DOrmAl sntry velocity for lunar returns is in the range of 36 100 to
36 200 fpe.
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The targeting for these abert maneuvers, &s well as normal mid-
scurse correstions to correct ertry conditions, is proviled by either
tre BTCC or, cutside the M3I, the CMD F-37,
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0.0 CONCLUSIONS

A conVinuous method of returning Vhe flight crev safely to earth
for the Apedle 2 mission - with or vivhout ground control help - has
beoen dedinad. The raticnale and swpporting data are contaimed im this
operational abory plen. These supporting data consisy prisarily of
(1) mameveer monitoring techniques and limits used Yo provecy againad
knowm consraims, udnt?) AT Arajectory dawvm produced By computer
simuladiocns of the recommended abor) procedures idenVified in figure 21,

10.1  Lauach Fhase

AlABough cont fnucus suborbital abort capabliity i provided during
the launch phase, the primary objective, in addition to crev safsty, 13
Vo continue Yo orbit. This can be scoomplished when sarly S-1V staging
capability becomes avalliable, vhen the 3-11 i3 burning, smd whea SPS (0J
capabllity becomes avallable during *he Tirsh S-1VR burn.

1¢.2 TLT and Translunar Coast

THhe poatAROIM ¥re)ectories resuliing from early $-1VD shutdowe
sad Vhe 10-adnuie abort procedurs may result in land laadisgs. Pased
on the papecied inaciurecien in Vhe atbitude aligedent for \he Lommisule
oy, & NOC will b roquired for aborts oecwrtiang Afver adowd 200 seconds
into TAI.

A)) POVUNS=10-0arth BH2 . cvere fTOR 1he ATAROLVEAT $40AY BisAie
Pss are Anitieted 4t s abbitude vhieh dovaed Ve varth Vo apgpear ia
R SoEBARASY 6 winden.

T™he B NS prevides & Yabvp M) for revuraing e 0
vardh follewing Jremttwe S0V o :lmmum

A1 Wit  ABALPOLG 10 ¢ vl e Condisgeney
AnaLyels mmummu&xanumnmm; fren Ve
seniag) ond dlaporesd TH) Wwres. Availedle iafesustion is semtainnd i
el B,
3.3 M el Msar Oeli
A T Y ANy wmiehs 1o preEaAue
%umum‘n Py
o WAR e S W WA " )

R&mu-%u&. UEELTA LN e
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md nelbther of the above aborts vere initimted, au onboard return-to-earth
targeting capabilisy exists,

10.y  TET and Trensswrth Coast

Shutdowns during the TEI bure osa oocus only due to inadvertent
automatlc shutldown slnce sanual shutdowns are 2:% required. I[mmediate
OP§ restarts vill be initlated. The culy time an abort fa required is
when an lsmediate SPE restart is ot possible, which implies sericus SFS
prodlems. Sisce communicstions fallwres would alsc have to occur in
addition to very serious SP2 probless, Mackup crew charts are not
varranted,

During the TEC, an abort can shorten the return time LT CSM aystem
rroblems ocvur. The p.imary comstraint 1s the maximum 2ntry velocisy
poasible,

i
b
i
+




1.

- -
b o L
=
"

s-

1¢.

11,

12,

13.

11=3

11.0 MEFERENCES

C Prims Luzar Mission Techaiques Docusent - Contingency Procedures,
MSC Memorendum 68-FA-T-231A, Octobar 29, 1968,

Apollo Misaion Techniques Baturn V/Apollo Launch Phase Aborts,
Techniques Description. MSC IN B-PA-81-026, October 22, 19€8.

AB-503 C' Operationsl Trajectory Analysis - Option 1, Decembar
Launch Oppartunity. MBIC Nemoresdum R-AEROC-FPNT-199-68,
September 24, 1968,

Luvar Mission Design Baction: Apollo Nission C' Spacerraft Opera-
tional Trajectory, Alternate 1, Lunar Orbital Mission, Volume I -
Nission Profile for & Nission Launched Decembar 21, 1968,

NSC IN 68-FM-252, October 25, 1968,

Rendsracn, Edvard N.: Oeneral Apollo Saturn V CSM Launch Abort
Asalysis. NSC Internsl Note to be published.

Apollo Saturn 1B Earth Launch Phese Abort Study. TRV Hote
68-Me1-629, May, 1968,

Launch Phase Flight Dynamics for Mission C' Simulators. NSC
MNemorandum 68-PN36, October 24, 1968,

Ouidance System Operations Plan for Manned CM Earth Orbital and
Lunar Nissioca Using Program COLOSSUS, Ssction 5 = Guidance
Equations (Rev. 1). NIT IL Document, May, 1968.

Saturn V Launch Vehicle Emergency Datection Systes Analysis,
AS-503 Mission D, MSPFC Memorandum H-AERO-FF-L5-68, April 22, 1965,

CBM/L4 Spacecraft Operationsl Datam Book, Voluse III - Mass Froperties,
Avenimeut 20, MSC IN SNA-8-D-027, September 12, 1968,

Apollo Mavigation Working Group: Apollo Missions and Navigstion
Systems Charscteristica. ANWG Technical Report AN-1.3,
December 15, 196€T.

York, Will; and Savely, Robert T.: Directory of Stsndard Geodetie !
and Gesophysical Constants for Gemini and Apollo. RABA MSC
Generel Working Paper 100208, April 6, 1966.

GSFC: GJoddard Directory of Tracking Station Locetions, X-554-67-5k,




1k,

1%,

16,

17.

18,

19.

21.

22.

23.

2k,

25-

26,

11-2

Contract Change Authorisation (CCS) 1546, [Master Change Record
(NCR) 4092 implements this change *dthin MR, )

CEM/LM Spacecraft Operstional Data Book, Volume T - CSN Date Book ,
MSC IN BNA-8~D-02T, May, 1968,

TAW Bystems: Mti-Vthclth (nvas) ﬁintul Corputer Program, {
CDORC Report 9830.h-23, August 2, 1965,

Mission Sup: Section: Spacecraft Operatiocral Abort Play far
Apodlo 7 {Mission C), Volume III - Contingency Analysis Repart, l
MSC IN 68-FW-208, August 20, 1968,

Hyle, Charles T.: Freliminary Display Limits and Crev Monitoring
Considerstions for /LI, LOI, and TEI. NSC IN 66-Fi-138,
Etptﬂbﬂ‘ 27. 1967-

Ryle, Charles T.; and Tresdvay, Alexander H.: The Deteruimation
of Attitude Deviation Limits for Terminating s Nonncaina)
Translunar Injection Maneuver. MSC IN 68-MN-172, July 17, 1968,

Ryle, Charles T.: Detsiled Crev Procedures for s Fowered Flight
Evaluation of the Translunar Injection Maneuver. MSC IN
68-M-212, August 28, 1968,

Toiin, Jampes W., Jr.: RTCC Requirements Hevised Terget Lines and
Reentry. Range Punctions for thy Lunar Landing Program - Return-
to-Earth Abort Processor. NMBC IN 68-FN-190, August 5, 1968.

NPSO Data Management Group: C-prime Data. NSC Memorandum
68-M03-497, August 28, 1968,

Atmospheric fntry Ground Support Dicpleys ror the Nission Control
Centar, Apollo Nission C' (A~205). TRW IOC 3353.2-4,
October 8§, 1568,

Program Guide for the Terra Emrth Abort Program. TRW Report
05952~6080-R0-01, Muy 15, 1967.

Hyle, Charles T.: Crew Monitoring During LOX. MSC Memorradum
60.F1436~53, February 21, 1968,

Newean, Samuel R.; and Foggatt, Charles E.: Preliminary
Contingency Procedurss for the Lunar Orbit Tosertion, Lunar Orbit,
and Tranelunar Injection Phases of the Lunar Mission. MSC IN
60-FM-211, August 22, 1968,




¢ 1 e L TR AT ¢

1l=3

27. TPoggatt, Charles E.; Lunde, Alfred N.| Fewman, Samuel R.; Pace,
Charles W.; Tresdvay, Alsxander B.| Wober, Bobbie D.; and
Gonzales, Lazarus, Jy,: AB-%0kA Preliminary Abort and Alternats

4 Mission Studies, Volume IT - Return-to-Earth Abort Studies, MEC

IN 67-M-91, June 30, 1967,

T gl




- T A NI e T LA, £ S N R

A-1

APPENDIX A
INPUT CONSTANTS




B s man r—" Ty 0L MY S it U 1

0.
PRECEDING PAGE BLANK NOT FLME

A3

TABLE A-T.- CONSTANTS USED IN TRAJECTORY SIMULATIONS
{s) Launch phass

. Pully loaded CEM weight, 1b , , , ., ., . . 63 5T1.0

Beginning of Migsion CM entry weight, 1b, 12 1530

GP8 thrust, b ., , , .., ....... 20 500
SPE specific impulse, sec , . , . . . . . nk.a !
4 SP8 fuel weight flow, lbfsec ., ., . . . , 65.26

(v) TLI and TIC phase

5C welght, 1b . . . . . 63 741,
SPS thrust, 1b , , . .. 20 500

SPS flov rate, lb/sec , 65,266 .
RCS thrust (1), 1v . . , 96.00
RCS flov rate, 1b/sec . 381

Pitch trim angle, deg .  -1.65

s Yav trim angle, deg . . +1.27
LD . i i e e e 295

fe) LOI. luner crbit snd TEI phase
SC weight at LOI ignitiom, 1 . . 62 629.
S5PS thrust, 1b . . . . .. .., ., 20 500
SPSI.p,lec........... 31k
Piteh trim angle, deg . . . ., . . =3,215
Yaw trimangle, deg . . . . . .. 2.22

LD o s e s e e e 25
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TABLE A-11.- APRODYRAMICS

Yog = 1040.83 iny Yo, = -0.20 in; 2cc - 5,86 inj

veight = 12153.0 1b; and bank angle bias » -1.9%5

Mach Trim angle Lift Drag Lift-to-drag
hukber , of attack, |coefficient, coeflicient, ratio,
M, n.d, Py deg CL' n.4, CD' n.g. L/D, n.d.

0.20 170,88 0.23378 0.82537 0.28324
0.0 161.5 0.23704 0.85430 0.27746
0.70 164,42 0.25801 0.98808 0.26143
0.590 162,14 0.31453 1,06671 0.29430
1.10 155.46 0.u84So 1.1767L 0.b1181
1.20 155,64 0.47056 1.16219 0.kokdy
1.35 154,51 0.55366 1.28485 0.43091
1.65 153,69 0.54381 1.27166 0.L2764
2.00 153.63 0,52800 1.28161 0.h1199
2,40 154,16 0.502k5 1.25127 0.40155
3.00 154.63 0.4k7L18 1.22719 0.38640
L.00 156.56 0.43658 1.22294 0.35699
10.00 157.2 0.L2387 1.23297 0.34378
29.50 160.5 0.38183 1.297hs 0.29429
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APPENDIX B

RCS ABORT STUDIES
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APPENDIX B
RCS ABORT STUDY

The backup propulsion system for aborts on Apollo 8 is the 5M RCS,
vhich delivers about 376 1b (four thrusters firing) of thrust in a steady
state inertial attitude thrusting mode. The SM k(S provides a return-
to-earth capablility folloving premsture S-IVE shutdowns during TLI for a
major portioni of the TLI burn,

This minimum fuel abort analysis was not constrained to any specific
landing area. The =tudy covers approximately the last 16 geconds of the
S-IVB burn, which is the most critical period due to rapldly changing
abort 4V requirements and perturbatiors due to the moon's gravitationsl
influence.

The optimum place to perform s minimum fuel abort is near apogee of
the preabort trajectory. Al} aborts considered in this study wvere per-
formed at or near apogee,

Figure B-1 shovs the AV needed for a direet return to earth. The
4V is shown both ss a function of S-IVB burn time and inertial velocity
at S-IVB ahutdown. HCS aborts performed for S-IVE shutdowms prior to
306.5 seconds are performed in a retrograde attitude. Due to the moon's
perturbaticns, the RCS ebort must be performed in the posigrade attitude
for 5.IVB burn times of 306.5 to 314.3 seconds. The reason s that the
actual perigee of the trajectory in that region becomes less than the
radius of the earth due to the moon's effect. For approximately the last
2 seconds of the S-IVB burn, the perigee rapidly increases and the AV
required for aberts becomes very large, The total available SM ROS AV
available for aborts following early S-IVB shutdown ig approximately
160 fps. During the last 1.8 seconds of the S-1VR burn, the perturbative
effect fram the moon is 30 large that the RCS doss not heve the capability
to return the SC safely directly to the earth, although a circumlunar
midcourse may be possible. (Ses ref. 27.)

Figure B~2 shows the time frcm 5-1VE shutdown to apogee and from
shutdown to landing for RCS aborts at apogee (TFT)., These times are
shown as a function of inertial velocity at the time of S-IVE shutdown,
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