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1.0 INTRODUCTION

The purpose of the Entry Summary Document is to provide a single
source of entry crew procedure ~nformat~on for use ~n fl~ght plan
n~ng, crew tra~n~ng, and prepar~ng onboard data. The techn~ques

conta~ned ~n this document were generally der~ved from other docu
mentat~on and are comblned here to serve as a slngle, compact
tra~n~ng package.

In accordance wlth the Fllght Crew Operatlons Dlrectorate CREW
PROCEDURES CONTROL PLAN dated March 1968, the prel~minary ESD
edltions are dlstrlbuted for review and comment and simulator
val~datlon unt~l 5 months prlor to launch. Thereafter flnal ESD
procedures are d~strlbuted and serve as a control ~ocument with
changes sUbJect to approval by the Crew Procedures Control Board.

Comments to thls document should be d~rected to the Fl~ght Pro
cedures Branch, Fllght Crew Support Dlvislon, extens~on 3436.
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2.0 LIST OF ACRONYMS AND ABBREVIATIONS

Computer
Pilot

Module
Module
Module

Accumlator
Amphher
Antenna
Acqu~s~t~on of S~gnal

Backup Bank Angle
Beacon
Blunt End Forward
CMC Commanded Bank Angle
Body Mounted Att~tude Gyro
Bank Reverse Bank
Cab~n

Commander
Coupl~ng Data Un~t

C~rcuit

Command
Command
Command
Cutoff
Crew Opt~cal AI~gnment S~ght

Commun~cat~ons

Cryogen~c

Command Serv~ce Module
Counter
Caut~on Warn~ng System
D~g~tal Auto P~lot

D~g~tal Event P~lot

Drag Acceleration at Sk~pout

Constant Drag Control Accelerat~on Level
D~splay and Keyboard
DSKY Enter
Env~ronment Control Subsystem
Entry Interface
Entry Monltor System
Electrlcal Power Subsystem
Essent~al

Flight Combust~on Stab~lity Monitor
FI~ght D~rector Att~tude Ind~cator

Function
Accelerat~on 1n Earth Grav~tatlonal Un~ts

Gu~dance and Control
Ground Elapsed Tlffie
Ground Elapsed T1me of Ign~t~on

Gyro Display Coupler
Glycol
G~mbal

Guidance and Nav~gat1on

ACCUM
AMP
ANT
AOS
BBA
BCN
BEF
BETA
BMAG
BRB
CBN
CDR
CDU
CKT
CM
CMC
CMP
CO
COAS
Cm1M
CRYO
CSM
CTR
C/WS
DAP
DET
DL
DO
DSKY
E
ECS
EI
EMS
EPS
ESS
FCSM
FDAI
FUNC
G
G&C
GET
GETI
GDC
GLY
GMBL
G&N, GIN
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Llst of Acronyms and Abbrevlatlons

GND
GPI
G-V
HA
HE
HP
IMU
KA

LID
LEB
IMP
LOS
LV
MAN
MCC
MCC-H
MESC
MSFN
MGA
MK
MNVR
MaN
MTR
MTVC
N
OPT
ORIEN
02
P
PGA
PGNCS
PIPA
PL
PLSS
pass
PRIM
PRPLNT
PSIA
PTT
PUGS
PWR
R
RI, R2, R3
RAD
RCDR
RCS
ROT
REFSMMAT

Ground
G~bal Posltlon Indlcator
Acceleratlon-Veloclty
Helght of Apogee
Hellum
Height of Perlgee
Inertlal Measurement Unlt
Drag Acceleratlon necessary to lnltlate

constant drag control
Llft to Drag Ratio
Lower Equlpment Bay
Lunar Module Pllot
Loss of Slgnal
Local Vertlcal, Llft Vector, Launch Vehlcle
Manual
Mldcourse Correctlon
Mlssion Control Center - Houston
Master Event Sequence Controller
Manned Space Fllght Network
Middle Glmbal Angle
Mark
Maneuver
Monltor
Motor
Manual Thrust Vector Control
DSKY Noun
Optlon, OptlCS
Orlentatlon
Oxygen
Pltch or CMC Program
Pressure Garment Assembly
Prlmary GUldance, Navlgatlon and Control System
Pulse Integratlng Pendulous Accelerometer
Planet
Portable Llfe Support System
Posslble
Prlmary
Propellant
Pounds Per Square Inch Absolute
Push to Talk
Propellant Utllizatlon and Gaglng System
Power
Roll or CMC Routlne
Reglster 1, 2, 3
Radlator
Recorder
Reactlon Control System
Altltude Rate
Reference to Stable Member Matrlx
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L~st of Acronyms and Abbrev~at1ons

REL
RET

RHC
RNG
ROU
RRT

RSI
RTGO
SA
SCS
SEC
SECS
SEL
SEP
SEQ
SFT

SM, SIM
SPA
SPS
STBY
SXP
SXT
STS
TA
TB
TBD
TERM
TF
TFF
THBWLS
THC
TIG
TLI
TIl, TLM
TRNFR

TVC
V
VG
VIO
VL
VM
Y

Rel1ef
Reentry Elapsed TIme (Lunar Return Case) or Retro

Elapsed Time (Earth Orb~tal Case). For lunar returns
RET 1S zero at RRT. For earth orb1tal entries RET is
zero at the deorb1t burn tIme.

Rotat1onal Hand Controller
Range
Rout1ne
Reentry Reference T~me (Based on MCC-H predicted time

of EI to nearest second)
Roll Stab11~ty Indicator
Range to Go
Shaft Angle
Stab1lizat1on and Control System
Secondary
Sequent1al Events Control Subsystem
Select
Separation
Sequential
Shaft Angle for SXTS when spacecraft 1S at

ignit10n attitude
Serv1ce Module
COAS Star P~tch Angle
Serv1ce Propuls~on System
Standby
Star X Pos~t~on (COAS)
Sextant
Sextant Star
Trunnion Angle
Talkback D~splay, T1me Base
To Be Determined
Term~nate

T:tme From
T:tme of Freefall
Thumbwheels
Translational Hand Controller
Time of Ignit~on

Translunar Insert10n
Telemetry
Transfer
Thrust Vector Control
Veloc~ty or DSKY Verb
Veloc~ty To Be Ga:tned
Inertial Veloc~ty

Sk:tpout Veloc1ty
Veloc~ty Measured
Yaw
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3.° LUNAR RE'IUBN ENTRY TECHNIQ.UES

The t~mel~ne for lunar return entries is based on the recommendations
found ~n reference 1, the s~mulator val~dated procedures ~n reference
2, and the mission val~dated procedures listed in the onboard check
list for the C Pr~me m~ssion. The event times are l~sted ~n reference
3.

The preparation for lunar return entr~es beg~ns at a conven~ent t~me

about 30 hours before entry ~nterface. At th~s t=e MSFN sends up all
data suff~c~ent for reentry, also an EMS entry selftest ~s made to
assure max~mum confidence ~n the EMS operat~on during entry. There
after var~ous system powerups and checks are ~n~t~ated as l~sted in
sect~on 5.1 and deta~led ~n reference 4. Nom~nally, the PGNCS ~s up
for the ent~re m~ss~on. However, ~f ~t ~s not, ~t ~s powered up at
EI-7 hours ~n preparat~on for the last MCC and entry. The last MCC
dec~s~on ~s made at about EI-6 hours for the maneuver to be performed
at EI-3 hours ~f needed. Deta~ls of th~s maneuver are outl~ned ~n

reference 1. After the MCC time P52 ~s again selected and the IMU ~s

real~gned to the REFSMMAT. If the IMU dr~ft ~s w~th~n tolerance, the
subsequent IMU/SCS dr~ft check will determ~ne if the SCS has dr~fted

excess~vely. If so, the other BMAG's are selected and the IMU/SCS
check repeated. Th~s check ~s followed by a repeat of the EMS ~V

counter check and accelerometer b~as check at EI-l hour 15 m~nutes

to determ~ne ~f the scale factor and b~as are adequate for entry
mon~tor~ng. F~nal stowage, CM RCS preheat and pyro Cllcu~t and se
quent~al tests are worked ~nto this t~meframe so that at EI-50 m~nutes

the MSFN w~ll be requested for a go to pyro arm by the crew ~n prepara
t~on for separat~on. At 45 m~nutes before EI the CMC update program
P27 can be selected to permit update of the landing po~nt locat~on and
the state vector. The entry PAD data, shown ~n sect~on 7.0, ~s then
vo~ced to the crew and recorded From th~s data the DET ~s set and
started, the EMS ~nit~al~zed, and the RSI al~gned. Prior to EI-20
ffilnutes the crew w~ll have strapped-~n, completed the~r presepara-
t~on checkl~st, and maneuvered to the entry att~tude. At this point,
EI-19 m~nutes, the CMC entry program Fbl ~s selected by the CMP. If
there was no entry PAD data because of commun~cat~on loss, the velo
c~ty and range to go from P61 ~s recorded and used ~n the EMS. At
EI-15 m~nutes the spacecraft ~s p~tched down and the hor~zon ~s checked
against the 31.7 degree w~ndow scr~be l~ne and the FDAI att~tude. If
there ~s s~gn~f~cant d~sagreement the PGNCS ~s suspected and the space
craft ~s held on the w~ndow reference. In P62 the spacecraft ~s yawed
45 0 from th~s att~tude and separated from the SM. After separat~on

the CM ~s yawed back ~n plane and the hor~zon check repeated. At approx
~mate1y EI-10 m~nutes the p~tch att~tude is w~th~n 450 of the CMC
commanded att~tude and P63 ~s entered automat~ca11y. S~nce the CMC
DAP tr~es to hold local p~tch attitude and the CMC ~s not ~n control
the crew observes the p~tch error needle unpeg and approach zero
about two m~nutes before .05g t~me. Th~s serves as a go/no go CMC
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check for entry control. If the FDAI pltch error does not decrease
to wlthln + 50 at 0.05g, the PGNCS lS fa lied and the crew flies a
constant g-entry mode wlth EMS ranglng after the VelOClty decrease
to 25,500 feet per second. If the PGNCS lS acceptable the space
craft control lS placed In CMC and the CMC mode lS placed ln auto
matlc. At .05g the EMS automatlcally starts lf the EMS mode sWltch
was posltloned to automatlc earller. ThlS wlll be backed up manually
3 seconds after the ground computed .05g tlme recorded on the entry
PAD by placlng the EMS mode sWltch In manual lf lt has not started
automatlcally. At PGNCS 0.05g lndlcatlon, the CMC program changes
to P64 and from thls pOlnt the entry lS under entry DAP control.

The lunar return entry nomlnally lS performed by the PGNCS to lnsure
control wlthln the overshoot and g llmlt llnes as well as optlmlze
the landlng point accuracy. Although the hlgh speed entry lnvolves
a rapld sequency of events there are several monitorlng tasks for
the crew to determlne lf the automat~c contrails performlng correctly.

An entry corr~dor ver~flcation check 1S made by observlng the lnltlal
slope of the EMS V-g trace between 1 and 2 g's. If the EMS lndlcates
the need to reverse the LV orlentatlon and the lndependent g meter
conflrms the EMS g lndlcatlon, the SC lS immedlately orlented as a
result of the EMS ~nd~cat~on.

The EMS g lnd~catlon ~s contlnuously checked durlng entry uSlng the
lndependent g meter and the PGNCS g ~ndlcatlon as a thlrd vote.
DeC1Slons durlng the first entry (P64) are critlcal ln terms of both
exceSSlve g llnes and the PGNCS lS not commandlng (and SC respondlng)
to correct the sltuatlon, the PGNCS lS felled.

The PGNCS go/no go check for short range targets (1200-1400 n ml) for
WhlCh P65 lS not used 1S d1fferent Slnce there are no CMC computed
Sk1p drag (DL) and skip velocity (VL) values. The check uses the EMS
scroll to determ1ne 1f the PGNCS lS commandlng the proper roll att1
tude to converge the EMS g level to a predetermlned PAD value (Do) as
computed by MCC-H. For the nom1nal target range of 1,300 naut~cal

mlles, the crew w1ll monltor the program change from P64 to P67 at
approx~matelyEI + 3 mlnutes. For ranges greater than 1,400 nautical
mlles, the program w1ll transfer to the Upcontrol Program, P65, when
VL ~s between 18,000 and 25,766 feet per second and constant drag has
brought the CMC pred1cted range to wlthln 25 naut1cal m1les of the
target range. The P65 PGNCS go/no go check cons1sts of determln1ng
1£ both the DSKY d1splay of sk~pout drag (DL) and Sk1pout veloclty
(VL) are w1thln the PAD llmlts. In addltlon, the EMS scroll lS mon1
tored to determ~ne lf the trace lS approach1ng the DL and VL values.

Throughout entry the crew monltors the spacecraft response to the CMC
roll commands by observlng the FDAI lndlcatlons. If the commands are
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apparently good and In agreement wlth the EMS but the spacecraft
response is questlonable, the crew manually takes over and fIles
the CMC commands.

If the Upcontrol Program, P65, was entered, the program wlll nom
lnally sWltch to the Flnal Entry Program, P67, for target ranges
below approxlmately 1,800 nautlcal miles or to the Ballistlc Pro
gram, P66, for ranges greater than approxlmately 1,800 nautlcal
ffilles. The program transfer crlterla are more preclsely deflned
In reference 1.

If P66 lS entered, the spacecraft lS automatlcally rolled to the
Ilftup, heads-down attltude to permlt the horlzon to be vlewed
from the wlndow durlng the second entry. The entry attltude check
lS made by comparlng the horlzon wlth a speclfled wlndow mark. If
the check falls, the crew manually malntalns the entry trlffi attltude
uSlng the horizon VleW for reference. The EMS lS used for ranglng,
Slnce the veloclty has now decreased to below 25,500 feet per second.

The EMS scroll lS contlnuously used to monltor for exceSSlve g con
dltlons durlng the second entry. If the EMS V-g trace vlolates the
g Ilnes and the PGNCS lS not commandlng (and spacecraft respondlng)
to correct the situatlon, the PGNCS lS falled, and the EMS lS used
for ranglng after ltS g lndlcatlon has been conflrmed by the lnde
pendent g meter.

The entry phase lS essentlally over when the relatlve veloclty of
the spacecraft decreases to less than 1,000 feet per second. ThlS
lS lndlcated In P67 when RTGO, latltude, and longltude are dlsplayed
Slnce very Ilttle ranglng capablllty exists after thls pOlnt, the
spacecraft lS orlented elther full Ilft up or down dependlng on RTGO
negatlve or posltlve and the crew prepares for the earth landlng
phase.
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4.0 EARTH ORBITAL DEORBIT AND ENTRY TECHNIQUES

As outl~ned ~n reference 5, a nom~nal PGNCS entry from earth orb~t ~s

based on a preparat~on t~me of 2 hours and 40 m~nutes, ~nclud~ng 2
n~ght passes. Th~s t~me ~ncludes approx~mately 20 minutes before the
f~rst n~ght pass after the CMC update and PAD data have been rece2ved.
Th~s t~e also 2ncludes approx2mately 20 m2nutes after the second
n~ght pass to allow suffic~ent t2me to prepare for retrof2re after the
IMU f2ne a12gnment It has been determ2ned coarse a12gnment accuracy
~s adequate for retrof~re and entry and undoubtedly other funct20ns
could be om2tted depend2ng on the c2rcumstances for the dec2s20n to
reenter. Descr2bed here2n are the nom2nal earth oro2tal entry pro
cedures w2th pert2nent comments on system va12dat20n for real time
acceptance dec~s20ns.

After the entry dec~s~on is made the crew transfers the PGNCS from
the standby to the operate mode and rece~ves a CMe update w~th P27.
Next, the maneuver PAD update ~s v02ced up and the 2n~t~al entry mode
~s determ~ned. During the ~n~tial n~ght pass the IMU or2entat~on ~s

estab12shed uS2ng P51 star s~ght2ngs to obta2n a REFSMMAT. The pre
ferred or~entat~on opt20n ~n P52 2S then selected to coarse a12gn the
IMU uS2ng the des2red entry REFSMMAT determ2ned by MGG-H. The GOO ~s

now al~gned to the IMU 2n preparat~on for an IMU/Ses dr~ft check. If
the GOO ~nd~cates the ses dr2ft rate exceeds 10 degrees per hour ~n

any ax~s the check ~s repeated on the other BMAG's to estaol~sh if the
GOO or Just the single set 2S unusuable. Var20us sytem checks as 12sted
2n sect20n 5.1 are performed as necessary cons2stent w2th the t2me12ne
d2ctates of the maJor act2v2t2es Included 2n these checks are the EMS
self-tests and the dV counter test. The latter requ2res the spacecraft
be placed ~n dr2ft2ng fl2ght w~th the funct20n sW2tch 2n the dV pos2t~on.

If the counter reg2sters a change of more than 25 feet per second w2th2n
100 seconds the scroll and counter are unre12able for mon2tor2ng the
deorb2t burn and entry rang2ng. If the EMS self-test fails and t2me
does not allow further analysis a 55/55 ERE entry 1S planned as the
PGNGS backup entry mode. After complet2on of these checks the entry
PAD lS prov1ded by MeG-H The crew then selects the external dV
program P30 and the appropr2ate deorb1t tbrust1ng program p40 or P41.
Dur2ng th2s per2od, wh2ch 2ncludes the f1nal n2ght pass, P52 may be
selected to ver2fy the IMU a12gnment. Since the retro att2tude has
been computed so that a w2ndow mark c01nc2des w2th the hor2zon at
GETI, th2s serves as the conclus2ve check on the PGNCS. At 5 m2nutes
before retrofire the att2tude check 1S made by ver1fY2ng that the 12
degree scr~be 12ne ~s w2th2n 3 degrees of the hor2zon If not, the
PGNeS has fa2led and the ses 2S used for att2tude reference and the

V counter for burn durat~on control. S2nce the ses att~tude was
a12gned to the IMU, a real~gnment ~s necessary. This ~s accompl~shed

by manually maneuver2ng the spacecraft to ma~nta1n the 24 degree wlodow
mark on the hor2zon and releas1ng the GOO a12gn button at TIG - 2 m2nutes.
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Upon complet~on of the burn the t:N res~duals are burned to W~th~n

0.2 feet per second. If the PGNCS, ~V counter, or est~mated burn
duration are ~n d~sagreement ~t must be estab1~shed whether suff~

c~ent veloc~ty has been suppl~ed to put the land~ng po~nt in the
footpr~nt. The PGNCS data w~ll be used ~f ~t ~s conf~rmed by one
other source, if not the ~V counter w~11 be used ~f ~t ~s conf~rmed

by the burn durat~on t~me. If add~tional ~V ~s necessary the data
~s ava~lable to the crew on an onboard chart found ~n Sect~on 8.0.

Post burn entry preparat~on requ~res EMS ~n~t~al~zation, RSI al~gn

ment and pre-separat~on funct~ons. The crew then selects the ~n~t~al

entry program P61 and records the d~sp1ays as a check aga~nst PAD
data Upon complet~on of these checks P62 ~s entered. The crew
manually or~ents the spacecraft to the separat~on attitude and yaws
450 to ~nsure aga~nst possible CM 8M recontact. After separat~on

the spacecraft ~s maneuvered to the reentry tr~m att~tude wh~ch

places the hor~zon on the 31.70 w~ndow mark at EI. Shortly there
after ~n P62 the entry DAP is act~vated and P63 in~t~ated. Dur~ng

th~s t~e MCC-H has computed a postburn update and ~t ~s vo~ced to
the crew ~f d~fferent from preburn values. The EMS scroll and range
counter w~ll be adJusted accord~ngly ~f t~me perm~ts A f~nal PGNCS
check pr~or to .05g may be mon~tored at th~s t~e. w~th the CMC mode
in free and the manual att~tude p~tch ~n acceleration command wh~le

the hor~zon reference ~s held, the p~tch error needle w~ll decrease
to zero as EI ~s reached. At RET 0.05g, the EMS mode sw~tch ~s

turned to manual, the entry 0.05-g sw~tch and EMS roll sw~tch are
turned on, and the spacecraft control sw~tched to CMC to beg~n DAP
control. At the PGNCS 0.05-g ~ndicatwn, the program change from
P63 to P64 ~s mon~tored and the t~e vo~ce recorded. At th~s t~me

the EMS range counter check ~s made dur~ng the 10 second per~od

follow~ng EMS 0.05g. Dur~ng th~s per~od the counter should count
down 40 + 10 naut~cal m~les. At PGNCS 0.2-g ~nd~cation the change
from P64-to P67 ~s monitored and the ~splay may be held by key~ng
VERB ~n order to record the init~al downrange error d~splay and
compare ~t to the PAD value. The PGNCS has fa~led ~f the two do not
agree w~th~n + 100 naut~cal m~les. In the event P67 has not appeared
when both the-g-meter and the scroll ~nd~cate greater than 0.5g, the
PGNCS has sim~lar~ly fa~led. In e~ther fa~lure the SCS is used for
att~tude reference w~th an EMS entry. If the checks agree the crew
rema~ns w~th automat~c DAP for the rema~nder of the entry.

The entry phase ~s essentially over when the relat~ve velocity of
the spacecraft decreases to less than 1000 feet per second. Th~s

~s ~nd~cated ~n P67 when RTGO, lat~tude, and long~tude are d~splayed.

S~nce very l~ttle rang~ng capab~l~ty exists after th~s pOint, the
spacecraft is or~ented either full l~ft up or down depending on
RTGO negat~ve or pos~t~ve and the crew prepares for the earth land~ng

phase.
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4.1 TYP~cal Retrof~re and Entry Sequence of Events

Dec~s~on to reenter

P27 (CMC update)

Retrof~re PAD update

Entry mode dec~s~on

P51 (IMU or~entat~on determlnatlon) durlng f~rst dark per~od

P52 (IMU coarse allgnment)

EMS checks

Entry PAD update

P30 (external AV)

p40 (SPS thrust)

P52 (IMU f~ne al~gnment) durlng second dark per~od

p40 (SPS thrust)

Ign~t~on att~tude check

Retroflre

P61

P62

CM/SM separat~on

P63

Postburn PAD update

Entry attltude check

p64 (beg~n DAP control at O.05g)

P67 (PGNCS go/no go check at O.2g)
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5 0 DETAILED ENTRY PROCEDURES

In order to comblne slmilar procedures that are common to lunar return
entrles and earth orblt entrles the followlng procedures are dlvlded
lnto categorles that allow a mlnlmum of dupllClty. ThlS provldes a
smaller tralnlng package and more closely resembles the onboard crew
checkllst when comparlson lS necessary.

5.1 Entry Preparatlons for Superclucular and Earth Orbltal Entrles

1~e entry preparatlons are comblned In these procedures and
steps pecullar to elther superclrcular or earth orbltal entrles
are labeled accordlngly. The tlme llstlngs In thlS sectlon are
appllcable to only superclrcular entries Slnce the earth orbltal
entry tlmellne lS a functlon of several varlables as descrlbed
In sectlon 4.0 and reference 5.
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5.1 (Contlnued)

VEHICLE PREPARATION

l-

2

3

4

5

6 -06:00h

7 -05:35h

8

9

10 -04:30h

INITIAL STOWAGE COMPLETED

CMC & ISS START UP

SCS POWER UP

p51 - IMU ORIENTATION

LOAD DAP
V48E 11102, 01111, PRO, ERO, PRO

LAST MCC DECISION

NO COMM - P52 & NAV SIGHTINGS
NOMINAL - P23!37 ONBOARD COMPARISON

DON MAE WESTS & FOOT RESTRAINTS

VHF AM A - SIMPLEX

P 27 (SV, REFSMMAT), MNVR
& ENTRY pAD UPDATES

11 -04:15h P52 - IMU REALIGN
(_:_:_) (OPTION 1)

12 P37 (NO COMM ONLY)

13

14

ECS CKS
02 SUPPLY REFILL
ECS Monitor Ck
EVAP H20 CONT (2) vlvs - AUTO
SUIT HEAT EXCH SEC GLY - FLOW

EPS CKS #1, 3, 4 (5 If req'd)

15 SPS CK (If req' d)

16

17

18

RCS CKS
SM RCS MOUlt Ck
CM RCS MOUlt Ck

C&W SYS CK

CMC SELF CK



19

20 -03:45h

-03:l5h
-03:00h

21

22

22A
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DSKY COND LT TEST

MIDCOURSE MANEUVER
P30 - EXT r:,V
P40/4l - SPS/RCS THRUSTING
MIDCOURSE (/17) BURN

NO COMM NAV SIGHTINGS

}ffiVR TO ENTRY ATT (Superc1rc only)
V62E

V49E

22B F 06 22 DESIRED FINAL GMBL ANGLES
LOAD ENTRY ATT PAD ANGLES
PRO

22C F 50 18 REQ MNVR TO FDAI RPY ANGLES
(AUTO) SC CONT - CMC

BMAG MODE (3) - RATE 2
CMC MODE - AUTO

PRO
(}~N) SC CONT - SCS

MNVR to 22E

22D 06 18 AUTO MNVR TO FDAI RPY ANGLES

22E F 50 18 REQUEST TRIM
(TRIM) Go to 22C
(BYPASS) ENTR

23 -2:00hr BORESIGHT & SXT STAR CHECK
OPT MODE - CMC
OPT ZERO - OFF

V41 N91E

F 21 92 SHAFT, TRUN
Load SXTS angles

41 OPTICS DRIVE

CHECK SXT STAR
OPT ZERO - ZERO

CHECK BORESIGHT STAR (If ava11)



24 -01:35h

25(_:_:_)

26

27 -01:15h
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P52 - lMU REALIGN
Record gyro torqu~ng angles
R
p.~----

Y
I:':f:-"7>-:;":Lno-,-re-c-ycle PS2
If conflrmed, use SCS for EMS entry

GDC ALIGN
If drlft >:LOo/hr, change rate.source

FINAL STOWAGE
OPTICS (except for hybrid)
ORDEAL
GLY TO RAD SEC - BYPASS (verlfy)
Coo:L pnl lnstalled
Y-Y struts (2) extended
Stow Data Box R-12

EMS CHECK
EMS FUNC - OFF
cb EMS (2) - close
EMS MODE - STBY
EMS FUNC - EMS TEST 1 (walt 5 sec)
EMS MODE - NORMAL (walt 10 sec)

Check ind lts - off
RANGE lnd - 0.0
Slew halr1ine over notch

In self-test pattern
EMS FUNC - EMS TEST 2 (walt 10 sec)

.05G It - on (all others out)
EMS FUNC - EMS TEST 3

.05G It - on
RSI Lower It - on (10 sec Qater)
Set RANGE counter to 58 nm+O.O

EMS FUNC - EMS TEST 4
.05G It - on (all others out)
G-V trace w~thin pattern to lwr rt

corner @9G
RANGE lnd counts down to 0+0.2

EMS FUNC - EMS TEST 5
.05G It - on
RSI upper lt - on (10 sec later)
RANGE md - 0.0
SCrlbe traces vertlcal llne 9g to

0.22+0.1
ALIGN SCROLL TO ENTRY PATTERN (on

37K ft sec hne)
EMS FUNC - RNG SET

G-V scroll assy traces vert. llne
0.22g to 0+0.1

EMS MODE - STBY



28

29

30 -Ol:lOh
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~V TEST (Deorb~t only)
EMS FUNC - ~V SET/VHF RNG
SET ~V ~nd to 1586.8 fps
EMS MODE - NORMAL
EMS FUNC - ~V TEST

SPS THRUST LT - on/off (10 sec)
~V ~nd stops at -0.1 to -41.5

EMS MODE - STBY

PRIMARY WATER EVAP ACTIVATION
GLY EVAP H20 FLOW - AUTO
GLY EVAP STH PRESS - AUTO
PRI ECS GLY PUMP - ACI

CM RCS PREHEAT
Note: If sys test mtr 5c,d,6a,b,c,d

all read 3.9 vdc (28°F) or more,
om~t preheat

cb RCS LOGIC (2) - close
CM RCS LOGIC - ON
UP T1M CM - BLOCK (ver~fy)

cb CM RCS HTRS (2) - close
CM RCS HTRS - ON (LMP Conf~rm)

(20 mlU or III lowest rdg lS
3.9 vdc) (Moultor Mauf
press for press drop)

31 (_:_:_) FINAL GDC DRIFT CK (If req I d)
If drlft >lOo/hr, Suspect GDC. Do not

use RSI & FDAI #2

32 -OO:5Om

33

34

35

TERM. CM RCS PREHEAT
UP TLM CM - BLOCK (venfy)
CM RCS HTRS - OFF
CM RCS LOGIC - OFF

SYSTEMS TEST PANEL CONFIGURATION
SYS TEST METER - 4B
RNDZ XPNDR - OPERATE
CM RCS HTRS - OFF
WASTE H20 DUMP - OFF
URINE DUMP - OFF

LEB LIGHTING - OFF

SEC WATER EVAP ACTIVATION
GLY To RAD SEC vlv - BYPASS
SEC COOL EVAP - EVAP
SEC COOL PUMP - AC2



36

37

38 -OO:45m
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PYRO BATT CK
cb PYRO A SEQ A - close (ver~fy)

cb PRYO B SEQ B - close (verify)
DC IND - PYRO BAT A(B)

~If PYRO BAT A(B) < 35 vdc '
'cb PYRO A(B) seq A(B) - open~

*PYRO A(B)BAT BUS A(B)TO PYRO*
~MN BUS TIE - close *

cb MNA BAT C - close
cb MNB BAT C - close
DC IND - MNB
PNL 8 - All cb's closed except:

PL VENT - open (ver~fy)

FLOAT BAG (3) - open (ver~fy)

DOCKING PROBE (2) - open (verlfy)
EDS BAT (3) - open (ver~fy)

CM ReS HTRS (2) - open

CM RCS ACTIVATION
cb SECS ARM (2) - close (verlfy)
cb SECS LOGIC (2) - close (verlfy)
SECS LOGIC (2) - ON
MSFN conflrm GO for PYRO ARM(~f poss)
SECS PYRO ARM (2) - ARM
CM RCS PRPLNT 1&2 - ON
CM RCS PRESS - ON
RCS Ind sw - eMl, then 2

He PRESS 3700-4400 pSla
MANF PRESS 287-302 pSla

SECS PYRO ARM (2) - SAFE
SECS LOGIC (2) - OFF

P27 & ENTRY PAD UPDATE
Go To Entry Checkllst

Superclrc - pg ~2~3 _
Hybnd - pg -----'2~9L-__
Normal Deorblt - pg __3L5L- _
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5.2 SUPERCIRCULAR ENTRY

1 SET DET (up, to ET)

2

3

4

5

30:00",
(-30-00)

EMS INITIALIZATION
SET RNG TO PAD DATA RNG
EMS FUNC - Vo SET
Slew Scroll to Pad Data VIO
EMS FUNC - ENTRY

RS I ALIGNMENT
FDAI SOURCE - ATT SET
ATT SET - GDC
EMS ROLL - on (up)
GDC ALIGN PB - PUSH & HOLD
YAW Tw - Pos~t~on RSI thru

45° & back to LIFT UP
GDC ALIGN PB - Release
EMS ROLL - OFF
A1~gn CDC to lMU

CM RCS RING A CK
RCS TRNFR - CM
cb CM RCS LOGIC MNB - open
AUTO RCS SEL MNB (6) - OFF
SC CONT - SCS
Test R~ng A Thrusters
SC CONT - CMC
RCS TRNFR - SM
AUTO RCS SEL (12) - MNA!MNB

(hftoff conflg)
cb CM RCS LOGIC MNB - close

OPTICS PWR - OFF
CMP to COUCH

MN BUS TIE (2) - ON
TAPE RCDR - REWIND



6 35·0Om
(-25· 00)
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SEPARATION CK LIST
TVC SERVO PWR 1 - ACl/MNA
cb ELS (2) - close (ver1fy)
PRIM GLY TO RAn - BYPASS (pull)
PLSS 02 vlv - FILL
02 SM SUPPLY vlv - OFF
CAB PRESS REL vlv (2) - NORM
GMBL MTRS (4) - START
ABORT SYS PRPLNT - RCS CMD (venfy)
SM RCS PRIM PRPLNT (4) - ON
VHF 11M (A&B) - OFF
HI GAIN ANT PWR - OFF
FC PUMPS (3) - OFF
Ver1fy s1ugle SU1t compr oper,

loads balanced
FC 2 MN A&B - OFF
S BD PWR AMP - 10101
cb ECS RAn CONT/HTR (2) - open
cb WASTE H20/URINE DUMP HTRS (2) - open
cb HTRS OVLD (2) - open
POT H20 RTR - OFF
CAB FAN (2) - OFF
GLY EVAP TEMP IN - MAN
SEC COOL EVAP - RESET
SEC COOL PUMP - off (etr)

Mti!VR TO CM/SM SEP P, R ATT
SC CONT - SCS
CMC MODE - FREE
MNVR TO PAD ATT
R (0°)
P
Y----W)
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SUPERCIRCULAR ENTRY (Cont~nued)

1

41:00m
(-19:00)

P61 - ENTRY PREP

V37E 61E

k 05 09 01427 - ROLL REVERSED*
* 05 09 01426 - IMU UNSAT ~

2 F 06 61 IMPACT LAT, LONG, HDS UP/DN (+/-)
PRO (.010

, fps ,+00001)

3 F 06 60 GMAX,VPRED,GAMMA EI
Record

GMAX
V400K----

GAMMA EI _
PRO

(.01° ,fps,.Ol°)

4 F 06 63 RTOGO (.lnm) PAD _
VIO (fps) PAD _
TFE(m~n-sec)

Compare w~th ~M~SFN==C~f~o-r~P~GNS GO/NO GO
If NO COMM, Set RTOGO & VIO In EMS

& lnltla11ze
(ACCEPT) PRO
(RECALC) V32E To 4



5 F 50 25

43:00m

(-17:00)

45 :oOm
(-15:00)

50:0Om
(-10:00)

6 F 06 61
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P62 - CM/SM SEP & PRE-ENTRY MNVR
CAUTION: Call No EXT Verbs In P62

00041 REQUEST CM/SM SEP
SC CONT - SCS/FREE

COMPARE PITCH ATT WITH PAD DATA ---"0=:-

(W~th:LU 5°)
YAW - 45° OUT-OF-PLANE (LEFT)
RATE - HIGH
ATT DB - MIN
MAN ATT (3) - RATE CMD
BMAG MODE (3) - ATTI/RATE 2
MN BUS TIE (2) - ON (ver~fy)

PRIM GLY TO RAD - BYPASS (verlfy)
CM RCS LOGIC - ON (venfy)
SECS LOGIC (2) - on (up)
SECS PYRO ARM - ARM
CM/SM SEP (2) - ON
CSM/LM FNL SEP (2) - on (up) (verlfy)
C&W MODE - CM
RCS TRNFR - CM
CM RCS MANF PRESS - 287-302 ps~a

CM RCS LOGIC - OFF
SECS PYRO ARM (2) - SAFE
Monltor VMA/B:

If <25 vdc go to EMERG
POWERDOWN pg E/6-l

AUTO RCS SEL A/C ROLL (4) - OFF
AUTO RCS SEL CM 2(6)-OFF
AUTO RCS SEL CM 1(6)-MNA
YAW back to 0°
PITCH TO HORIZ TRACK ATT

ROLL - 0° (LIFT UP)
PITCH - 400K Horiz Mark (31.7°)
YAW - 0°

ATT DB - MAX
MAN ATT PITCH - ACCEL CMD
EMS DATA - Ver~fy

EMS FliNC - ENTRY (ver~fy)

EMS MODE - NORMAL
cb SPS P&Y (4) - open
MAINT HORIZ TRK

PRO (Act ENTRY DAP)

IMPACT LAT,LONG,HDS/DN (.01°,.01°,-00001)
PRO

7 POSS 06 22 FINAL ATT DISP, RPY (.01°)
(Only If X-axis beyond 45° of Vel vector)



8 06 64

58·00m
(-02:00)

9

.05G tlme
(+0 , )

(--=--'-)

06 68
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P63 - ENTRY INIT

G,VI,RTOGO (.OlG,fps,.lnm)
FDAI SCALE - 50/15
ROT CONTR PI.JR DIR (both) - MNA/MNB
TAPE RCDR - CMD RESET/HBR/m;D
HORIZ CK
Pltch error needle goes toward

zero approachlng .OSG tlme
MAN ATT (PITCH) - RATE CMD

If CMC lS GO:
BMAG MODE (3) - RATE 2
SC CONT - CMC/AUTO

* If DAP NO GO ..
." SC CONT - SCS 'I

* FLY BETA *
* If CMC NO GO: i<

1, SC CaNT - SCS 'I,

* FLY EMS k

p64 - ENTRY POST .05G

RTOGO AT .05G AGREES HITH EMS-venfy
HORIZ CK
.05G Lt - ON (EMS START)

* No EMS START wlthln 3 sec: *
,~ EMS MODE - BACKUP /VHF RNG ,c

.05G sw - on (up)
EMS ROLL - on (up)

BETA, VI, HDOT (.Olo,fps,fps)
Compare RSI & FDAI
If CMC or PAD cmds Llft DN,

NNVR Llft DN
EMS GO/NO GO

G-V Plot wlthln Ilmlts
Rng ctr dwn 60±7 durlng 10 sec

perlod
Monltor G-meter for

convergence wlth pad data (Do)
(V<27K fps) Go to 13
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P65 - ENTRY - UP CONT (V>27K fps)

10 F 16 69 BETA (.01·) _
DL (.OlG) PAD _
VL (fps) PAD _

* IF NO AGREEMENT: ,<
~ SC CONT - SCS *
* FLY EMS *

PRO

11 06 68 BETA,VI,HDOT (.OI°,fps,fps)
(V<V1+500 fps & RnOT Neg) Go To 13

P66 - ENTRY - BALLISTIC (D(DL)

12 06 22 DESIRED GMBL ANGLES RPY
Moultor horlz +12· of 31.7· mark

P67 - ENTRY - FINAL PHASE (0.2G)

13 06 66 BETA,CRSRNG ERR,DNRNG ERR
(.010, .1um, .1um)

KEY VERB
Record DNRNG ERR _
KEY RLSE
Moultor l~ft vector ou RSI & FDAI

16 67 RTOGO,LAT,LONG (Vrel=1000fps)
(.lum,.Ol°,.Ol°)

SC CONT - SCS
RTOGO NEG - LIFT UP
RTOGO POS - LIFT DOWN
Monitor a1t~meter

Go To EARTHLANDING pg ---:;4:L5 _

http:inm,.01,.01
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5.3 G&N HYBRID DEORBIT

VEHICLE PREP COMPLETE

P30 - EXTERNAL t.V
1 V37E 30E

2 F 06 33 GETI
(ACCEPT) PRO (hr,m~n, .Olsec)
(REJECT) LOAD DESIRED GETI

3 F 06 81 t.VX,Y,Z (LV) (.lfps)
(ACCEPT) PRO
(REJECT) LOAD DESIRED GETI

4 F 06 42 HA,HP,t.V (.lnm, .lfps)
Record t.V

(ACCEPT) PRO
(REJECT) Reselect P30 or P27. Load new paramo

5 F 16 45 M,TFI,MGA (marks,m~n-sec,.OlO)

*MGA -00002' ~f k

k lMU not al~gned*

SET DET
PRO

6

7

8

F 37 OOE

SEPARATION CK LIST
PRIM GLY TO RAD - BYPASS (Pull)
PLSS 02 vlv - FILL
02 8M SUPPLY vlv - OFF
CAB PRESS REL vlv (2) - NORM
cb ELS (2) - close
cb SECS ARM (2) - close
cb SECS LOGIC (2) - close (ver~fy)

AUTO RCS SEL CM (12) - MNA or ~ffiB

(hftoff conhg)
ROT CONTR PWR NORM 1&2 - AC/DC
ABORT SYS PRPLNT - RCS CMD
SM RCS PRIM PRPLNT (4) - OPEN
VHF AM (A&B) - OFF

CMP to Couch
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MNVR TO PAD BURN ATT
LOAD DAP
BMAG MODE (3) - RATE 2
SC CONT - CMC/AUTO
ATT DB - MIN
MAN ATT (3) - RATE CMD

v62E

v49E

12 F 06 22 DESIRED FINAL GMBL ANGLES
LOAD MNVR PAD GMBL ANGLES

PRO

13 F 50 18 REQ MNVR TO FDAI RPY ANGLES (.01°)
(AUTO) PRO
(MAN) SC CONT - SCS

BMAG MODE (3) - RATE 2
MNVR To 15

14 06 18 AUTO MNVR TO FDAI RPY ANGLES (.01°)

15 F 50 18 REQ TRIM TO FDAI RPY ANGLES (.01°)
(TRIM) Go to 13
(ByPASS) ENTR

16

17

CHECK BORESIGHT & SKT STARS
OPT MODE - CMC
OPT ZERO - OFF

v41 N91E

18 F 21 92 SHAFT,TRUN (.01° ,.001°)
Load SXTS angles

19 41 OPTICS DRIVE
Check SKT STAR

OPT ZERO - ZERO
Check BORESIGHT STAR (~f ava~l)

20 V25 N17E (.01°)
Load Pad Data GMBL Angles

for CM BURN ATT
ATT SETtw - SET

to PAD DATA GMBL ANGLES
for CM BURN ATT
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PHR REDUCTION
HGA PHR - OFF
FC PUMPS (3) - OFF
Verify s~ngle su~t compr oper, loads

balanced
FC 2 MN A&B - OFF
S BD P\iR AMP - LOW
cb ECS RAD CONT/HTR (2) - open
cb HASTE H20/URINE DUMP HTRS(2)- open
cb HTRS OVLD (2) - open
POT H20 HTR - OFF
CAB FAN (2) - OFF
GLY EVAP TEMP IN - MAN
MN BUS TIE (2) - ON
TVC SERVO PHR 1 - AC1/MNA
GMBL MTR (4) - START

p41 - RCS THRUSTING
V37E 41E

23 F 50 18 REQ MNVR TO LCL HORIZ (HDS ON)
(AUTO) BMAG MODE (3) - RATE 2

SC CONT - CMC/AUTO
PRO To 24

(}>fAN/DAP) BMAG MODE (3) - RATE 2
SC CONT - CMC/HOLD

V62E
MNVR To 25

24 06 18 AUTO MNVR TO FDAI RPY

25 F 50 18 REQ TRIM TO LCL HORIZ (.01°)
ALIGN SC ROLL

(AUTO TRIM) PRO To 24
(BYPASS) ATT DB - MIN

RATE - LOH
MAN ATT (3) - RATE CMD
BMAG MODE (3) - ATTl/RATE 2

ENTR
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26 06 85

59·25
27
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VGX,Y,Z (.1fps)
RECHECK BORESIGHT STAR
TRANS CONIR PWR - on (up)
EMS MODE - STBY (ver~fy)

EMS FliNC - bV SET/VHF RNG
SET (!IV for SM BURN _
EMS FliNC - bV
S BD ANT - OMNI C
SECS LOGIC (2) - ON
MSFN conhrm Go for PYRO ARM
SECS PYRO ARM (2) - ARM
CM RCS LOGIC - ON (ver~fy)

DSKY BLANKS

59:30
28 16 85 VG X,Y,Z (AVE G ON) (.lfps)

RHC's & THC - ARMED
LIMIT CYCLE - OFF
TAPE RCDR - CMD RESET/HBR
EMS MODE - NORMAL

00'00
29 F 16 85 REQ NULL VG X,Y,Z (.lfps)

BURN EMS bV CTR TO ZERO
RESET DET & COUNT UP

If SM ONLY burn go to step 32
THC - LOCKED
SC CaNT - SCS/FREE
RATE - HIGH
PRIM GLY To RAD - BYPASS (ver~fy)

MN BUS TIE (2) - ON (ver~fy)

CM/SM SEP (2) - on (up)
CSM/LM FNL SEP (2) - on (up) (verify)
C&W MODE - CM
RCS TRNFR - CM
CM RCS LOGIC - OFF

Momtor VM A/B'
If <25 vdc, go to EMERG
POWER DOWN Pg E/6-l

V63E

* If CMC NO GO:
* FDAI SOURCE - ATT
* FDAI SEL - 1 or 2
* ATT SET - GDC

*
SET *

*
*
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~Uili ATT PITCH - ACCEL CMD
FDAI SCALE - 5/5
MNVR TO CM BURN ATT (NULL ERR NEEDLES)

R 0°
P
Y --'0,,",,0;--

*

30

31

CM RCS BURN
RHC III-ContJ.nuous PJ.tch Down
RHC HZ-Module PJ.tch to null needles
BURN VGZ TO ZERO

* If only 1 RHC
* Pulse + P=5° from retro att.*
* MaJ.nta~n rates <3°/sec *

BURN COMPLETION AT:
llV CTR= or DET= _

V8ZE

32 F 16 44 HA,HP,TFF (.1nm,ffiJ.n-sec)
Check HP-

If > Pad data, contJ.nue burn
untJ.1 < Pad

PRO

33 F 16 85 VGX,Y,Z (.Ups)
Read VG resJ.duals to MSFN

(HYBRID) PRO to 34
(SM ONLY BURN)

PRO
F 37 ODE

EI-15:00 V37E 47E
F 16 83 twx, Y, Z (.Ups)

SC CONT - SCS/FREE
MAN ATT (PITCH) - RATE CMD
RATE - HIGH
PRIM GLY To RAD - BYPASS (verJ.fy)
MN BUS TIE (2) - ON (verJ.fy)
CM/SM SEP (2) - ON
CSM/LM FNL SEP (2) - on (up) (verJ.fy)
C&l, MODE - CM
RCS TRNFR - CM
CM ReS LOGIC - OFF
SECS PYRO ~I (2) - SAFE
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PRO
Monitor VMA/B:

If <25 vdc go to EMERG
POWER DOWN

34 F 37 OOE
PCM BIT RATE - LOW
ATT DB - MAX
EMS MODE - STBY
EMS FUNC - OFF

Go To EARTH ORBIT ENTRY, pg _-,-40,,-__
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8 SPS THRUSTING PREP
CYCLE CRYO FANS
SPS GAGING - ACI (ver~fy)

PUG MODE - NORM (venfy)
BMAG MODE (3) - RATE 2
t,v CG - CSM
CMC MODE - FREE
AUTO RCS SEL (16) - MNA or HNB

(hftoff conbg)
SC CONT - CMC/AUTO

9 MNVR TO PAD BURN ATT
V62E

10 V49E

11 F 06 22 DESIRED FINAL GMBL ANGLES
LOAD MNVR PAD GMBL ANGLES
PRO

12 F 50 18 REQ MNVR TO FDAI RPY ANGLES
(AUTO) PRO
(HAN) SC CONT - ses

MNVR to 14

06 18 AUTO MNVR TO FDAI RPY ANGLES13

14 F 50 18 REO TRIH TO FDAI RPY ANGLES
(TRIM) Go to 12
(BYPASS) ENTR

15 BORESIGHT STAR CHECK

16 V37E 40E
OPT PWR - OFF

17 F 50 18 REQUEST MNVR TO FDAI RPY ANGLES (.01°)
(AUTO) BMAG MODE (3) - RATE 2

SC CONT - CHC/AUTO
PRO to 18

(MAN/DAP) BMAG HODE (3) - RATE 2
SC CONT - CMC/HOLD
MNVR to 19

(HAN/seS) se eONT - ses
MNVR to 19
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5.4 NORMAL DEORBIT

VEHICLE PREP COMPLETE

P30 - EXTERNAL ~V

1 V37E 30E

2 F 06 33 GETI (hr,m~n,.Olsec)

(ACCEPT) PRO
(REJECT) LOAD DESIRED GETI

3 F 06 81 ~VX,Y,Z (LV)
(ACCEPT) PRO
(REJECT) LOAD DESIRED GETI

( .lfps)

4 F 06 42 HA,HP,~V (.1nm,.lfps)
Record !W

(ACCEPT) PRO -----
(REJECT) Rese1ect P30 or P27. Load new pa~am.

5 F 16 45 M,TFI,MGA (marks,mln-sec,.Ol°)
*MGA -00002 If *
~ lMU not a1~gned*

SET DET
PRO

6

7

F 37 OOE

SEPARATION CK LIST
PRIM GLY TO RAD - BYPASS (pull)
PLSS 02 vlv - FILL
02 SM SUPPLY v1v - OFF
CAB PRESS REL v1v (2) - NORM
cb ELS (2) - close (verify)
cb SECS ARM (2) - close (ver~fy)

cb SECS LOGIC (2) - close (verlfy)
AUTO RCS SEL CM (12) - ~mA or MNB

(l~ftoff conf~g)

ROT CONTR PWR NORM 1&2 - AC/DC
ABORT SYS PRPLNT - RCS CMD
SM RCS PRIM PRPLNT (4) ,- OPEN
VHF AM A&B - off (ctr)
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06 18 AUTO MNVR TO FDAI RPY ANGLES (.01 0
)

19 l' 50 18 REOUEST TRIM MNVR TO
ALIGN SIC ROLL
GDC ALIGN

FDAI RPY ANGLES
(.010

)

+54-00m
(-06-00)

TIG-5mJ.n

55:00m
(-05:00)

TVC CHECK & PREP
cb STAB CONT SYS (all) - close
cb SPS (12) - close
ATT DB - MIN
RATE - LOl~

LIMIT CYCLE - ON
MAN ATT (3) - RATE CMD
BMAG MODE (3) - ATT1/RATE 2
ROT CONTR PWR DIRECT (2) - OFF
SCS TVC (2) - RATE CMD

*If SCS, SCS TVC (2) - AUTO*
* SC CONT - SCS ~

TVC GMBL DRIVE P&Y - AUTO
MN BUS TIE (2) - ON
TVC SERVO PWR 1 - AC1/MNA

2 - AC2/MNB
TRANS CONTR PWR - ON
ROT CONTR PWR NORMAL 2 - AC
RHC #2 - ARMED

HORIZ CHK - HorJ.z on 12° wJ.ndml
mark (LJ.ffiJ.t +3 0 PNGCS GO/NO GO)

If NO GO set tw 180 0 ,180°,0 0

Track horJ.z wJ.th 24° wJ.ndow mark
At TIG-2 mJ.n Ahgn GDC

PRIMARY TVC CHECK
GMBL MOT P1-Y1 -START/ON(LMP confJ.rm)

*If SCS, verJ.fy Thumbwheel TrJ.m*
THC - CW
Venfy NO MTVC

SEC TVC CHECK
GHBL MOT P2-Y2 -START/ON(LMP confJ.rm)
SET GPI TRIH
Venfy MTVC
THC NEUTRAL
GPI returns to 0,0 (CMC) or trJ.m (SCS)
ROT CONT Pl~ NORM 2 - AC/DC

(TRIM) Go to step 17
(BYPASS) BMAG MODE(3) - ATTI/RATE2 (ver1fy)

ENTR
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20 F SO 25 00204 GMBL TEST OPTION
(ACCEPT) SC CONT - GMC (ver~fy)

PRO
Monitor GPI Response:

00,20,-20,00,02,0-2,00,Tr~m

*TEST FAIL: *
*SC CONT - SCS *
*SCS TVC (2) - AUTO*

(REJECT) ENTR

21 06 40 TFI,VG,~VM (m~n-sec,.1fps)

*PROG ALM - TIG s1~pped*

*V5N9E 01703 ?

*KEY RLSE To 21 *
ROT CONTR PWR DIRECT (2) - MNA/B
SPS He v1vs (2) - AUTO (ver~fy)

LIMIT CYCLE - OFF
FDAI SCALE - SO/IS
cb SPS P2,Y2 - open (for cr~t. burn)

58:00
(-02: 00)

59:25
(-00:35)

59· 30
(-00:30)

06 40

59:XX
(-OO:XX)

AV THRUST A(B) - NORMAL
THC - ARMED
RlIC (2) - ARMED
TAPE RCDR - GID RESET/HBR

DSKY BLANKS

(AVE G ON)
EMS MODE - NORMAL

TFI,VG,~VM (m~n-sec,.lfps)

CHECK PIPA BIAS <2fps for 5 sec

ULLAGE AS REQ

*IF NO ULLAGE: *
*DIR ULLAGE PB - PUSH~

*CONTROL ATT W/RlIC *
MONITOR AVM (R3) COUNTING UP

59:55
(-00:05)

F 99 40 ENG ON ENABLE REQUEST
(AUTO IGN) PRO AT TFI >0 sec
(BYPASS IGN) ENTR to 24
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*If SCS - THRUST ON PB - PUSH*

06 40 TFC,VG,~VM (m~n-sec,.lfps,.lfps)

~F 97 40 SPS Thrust fall ~

~(RESTART) PRO To IGN *
*(RECYCLE) ENTR To TIG-05 sec*

SPS THRUST LITE - ON
MONITOR THRUSTING

Pc 95-105 pSla
EMS COUNTING DOWN
SPS IN3 v1vs (4) - OPEN
SPS He v1vs tb (2) - gray
SPS FUEL/OXID PRESS - 175-195 pSla
PUGS - BALANCED

*PROG ALARM *
*V5N9E 01407 VG INC*
*THC - CW, FLY MTVC*

ECO
*EMER SPS CUTOFF: J

* AV THRUST (2) - OFF'

23 F 16 40 TFC(STATIC),VG,~VM (mln-sec,.lfps)
~V THRUST A/B - OFF

SPS IN3 v1vs (4) - CLOSED
SPS He tb (2) - bp

cb SPS P2,Y2 - closed (verlfy)
TVC SERVO PHR - AC1/MNA (venfy)
TVC SERVO PWR 2 - OFF

PRO

24 F 16 85 VG XYZ(CM) CUps)
NULL RESIDUALS
RECORD ~V CTR & RESIDUALS I1VC
EMS FUNC - OFF VGX
EMS MODE - STBY VGY
BMAG MODE (3) - RATE 2
ATT DB - MAX VGZ
TRANS CONT PHR - OFF

PRO

25 F 37 V82E

26 F 16 44 HA,HP,TFF (.lnm,m~n-sec)

*R3-59B59 HP >49.4 nm*
PRO

27 F 37 OOE
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5.5 EARTH ORBIT ENTRY

1 Venfy CM/SM
R __

P_
Y_-

SEP ATT
(180°)

(0° )

2

3

4

EMS INITIALIZATION
EMS FUNC - RNG SET
SET RNG TO PAD DATA RNG
EMS FUNC - VA SET
Slew scroll to pad data VIO
EMS FUNC - ENTRY

RSI ALIGNMENT
FDAI SOURCE - ATT SET
ATT SET - GDC
EMS ROLL - on(up)
GDC ALIGN PB - PUSH & HOLD
YAW tw - Pos1tion RSI thru 45° &

back to LIFl' UP
GDC ALIGN PB - RELEASE
EMS ROLL - OFF
Al1gn GDC to lMU

PWR REDUCT (Norm Deorb Only)
HGA PWR - OFF
FC PUMPS (3) - OFF
Ver1fy s1ngle suit compr oper,

loads balanced
FC 2 MN A&B - OFF
'S BD PWR AMP - Low
cb ECS RAn CONT/HTR (2) - open
cb WASTE H20/URINE DUMP HTRS (2)-open
lOb HTRS OVLD (2) - open
POT H20 HTR - OFF
CAB FAN (2) - OFF
GLY EVAP TEMP IN - MAN
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P61 - ENTRY PREP

5 V37E 61E
*05 09 01427 - ROLL REVERSED*
*05 09 01426 - IMU UNSAT *

6 F 06 61 IMPACT LAT, LONG, liDS UP/DN (+/-)
(.01 0

, .010
,

+00001)

PRO

PAD VALUES
LAT
LON==G------
liDS UP /DN, _

7 F 06 60 GMAX,V400K,GAMMA EI
Record

GMAX
V400K----
GAMMA EI _

PRO

8 F 06 63 RTOGO (.1nm) PAD _
VIa (fps) PAD
TFE (mln-sec) ----
Compare wlth MSFN for PGNS GO/NO GO
NO COMM, SET RTOGO & VIO IN EMS &

INITIALIZE
(ACCEPT) PRO
(RECALC) V32E to 8

http:01G,.fps,.01
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P62 - CM/SM SEP & PRE-ENTRY MNVR

9 F 50 25 00041 REQUEST CM/SM SEP
SC CONT - SCS/FREE
YAW - 45° out-of-plane (left for RCS,

n.ght for SPS)
RATE - HIGH
ATT DB - MIN
MAN ATT (3) - RATE CMD
BMAG MODE (3) - ATT1/RATE2
PRIM GLY to RAD - BYPASS (verlfy)
SECS LOGIC (2) - on (up)
MSFN conflrm GO for PYRO ARM
SECS PYRO ARM - ARM
MN BUS TIE (2) - ON (verlfy)
CM/SM SEF (2) - ON
CSM/LM FNl SEP (2) - on (up) (verlfy)
C&W MODE - CM
RCS TRNFR - CM
CM RCS MANF PRESS - 287-302 pSla
CM RCS LOGIC - OFF
SECS PYRO ARM - SAFE
Monltor VMA/B:

If <25vdc go to EMERG POWERDOWN Pg E/6-1
AUTO RCS SEL AlC ROLL (4) - OFF
AUTO RCS SEL CM 2(6) - OFF
AUTO RCS SEL CM 1(6) - MNA or MNB
YAW back to 00

PITCH TO ENTRY ATT
ROLL 0° (LIFT UP)
PITCH - HORIZ on 31.7° MARK (400K)
YAW 00

,ATT DB - MAX
MAN ATT (PITCH) - ACCEL CMD
EMS DATA - Verify
EMS FUNC - ENTRY (verlfy)
EMS MODE - NORMAL
MAINTAIN HORIZ TRK

PRO (Act ENTRY DAP)

10 F 06 61 IMPACT LAT, LONG, HDS/DN
(.010 ,.010 ,-00001)

PRO

11 FOSS 06 22 FINAL ATT DISP, RPY (.01°)
(Only If X-axlS beyond 45° of Vel vector)
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P63 - ENTRY INIT

12 06 64 G,VI,RTOGO (.OlG,fps,.lnm)
FDAI SCALE - 50/15
ROT CONTR PWR DIR (both) - MNA/MNB
TAPE RCDR - CMD RESET/HBR
HORIZ CK
P~tch error needle goes toward

zero approach~ng .05G t~me

MAN ATT (PITCH) - RATE CMD
If CMC ~s GO:

BMAG MODE (3) - RATE 2
SC CONT - CMC/AUTO

*If DAP NO GO: *
* SC CONT - SCS*
* FLY BETA *
*If CMC NO GO: ~

* SC CONT - SCS~

* FLY EMS *
RCS Deorh: Roll HDS UP
TRACK HORIZ w~th 29° w~ndow mk

P64 - ENTRY POST .05G

13

.05G t=e
<+0_:_:_)

06 68

RTOGO AT .05G AGREES WITH EMS - venfy
HORIZ CK
.05E Lt - on (EMS start)

*No EMS start w~th~n 3 secs*
*EMS MODE - BACKUP /VHF RNG *
.05G sw - on (up)
EMS ROLL - on (up)

BETA, VI, HDOT (.Olo,fps,fps)
Compare RSI & FDAI
If CMC or PAD cmds L~ft DN,

NNVR L~ft DN
EMS GO/NO GO

G-V Plot w~th~n llm~ts

Rng ctr dwn 60 + 7 durlng 10 sec per~od

Mon~tor G-meter for
convergence wlth pad data (Do)

(V<27K fps) Go To 17
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P65 - ENTRY - UP CONT (V>27K fps)

14 F 16 69 BETA (.01°)
DL (.OlG) PAD _
VL (fps) PAD _

*IF NO AGREEMENT:~

*SC CONT - SCS *
*FLY EMS *

PRO

15 06 68 BElA, VI, HOOT (.01° ,fps,fps)
(V<VL +500 fps & RDOT Neg) Go To 17

p66 - ENTRY - BALLISTIC (D<DL)

16 06 22 DESIRED GMBL ANGLES RPY (.01°)
Mon~tor hor~z +12° of 31.7° mark

P67 - ENTRY - FINAL PHASE (0.2G)

17 0666 BETA,CRSRNG ERR,DNRNG ERR (.Ol°,.lnm,.lnm)
KEY VERB
Record DNRNG ERR _
KEY RLSE
L~m~t: +100nm from PAD DRE

Mon~tor l~ft vector on RSI & FDAI
F 16 67 RTOGO,LAT,LONG (Vre1=1000fps)

(.lnm, .010, .01°)
SC CONT - SCS
RTOGO NEG - LIFT UP
RTOGO POS - LIFT DOlffl
Mon~tor altimeter

Go To EARTHLANDING pg _:I4L5__
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5.6 EARTHLANDING

90K' STEAM PRESS - PEGGED
50K' CABIN PRESS REL vIv (2) - BOOST/ENTRY

SECS PYRO ARM (2) - ARM

40K'
(90K' + 63s)

* CM UNSTABLE *
*RCS CMD - OFF *
~ 40K' APEX COVER JETT PG-PUSH *
*DROGUE DEPLOY PG - PUSH (2 sec*
*after apex cover Jett) *

30K' ELS LOGIC - ON (up)
ELS - AUTO

24K' RCS hsable (auto)
(90K'+92s) *RCS CMD - OFF*

Apex cover Jett (auto)
*APEX COVER JETT PB - PUSH*

(WAIT 2 SECS)
Drogue parachutes deployed (auto)

*DROGUE DEPLOY PB - PUSH~

If Drogues Fal.l:
*ELS - }~ *
~Stabl.ll.ze CM *
*5K' MAIN DPLY PB - PUSH*
*ELS - AUTO *

23.5K' Cabl.n Pressure l.ncreasl.ng (Drogues + 50s)
*If not l.ncreaSl.ng by 17K': *
*CABIN PRESS REL vlv (RR) - DUMP*
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10K' Maln parachutes deployed
MAIN DEPLOY PB - PUSH (wlthln 1 sec)
VHF ANT - RECY
VHF AMA - SIMPLEX
VHF BCN - ON
CABIN PRESS REL v1v (2) - CLOSE
DIRECT 02 vlv - OPEN
CM RCS LOGIC - on (up)
CM PRPLNT - DUMP (burn audlb1e)
Monltor CM ReS 1&2 for He press decrease

*NO BURN or PRESS DECREASE *
* USE BOTH RHC's *
*DO NOT FIRE PITCH JETS *

CM PRPLNT-PURGE (to zero He press)
*CM RCS He DUMP PB - PUSH *
*RHC (2) - 30 sees *
* NO PITCH k

STRUT LOCKS (2) - UNLOCK

cb FLT & PL BAT BUS A,B,&BAT C (3) - close
cb FLT & PLT MNA & B (2) - open
cb ECS RAD HTR OVLD (2) - open
cb SPS P&Y (4) - open

3K' CABIN PRESS REL v1v (RH) - DUMP (after purge
completed)

FLOOD Lts - POST LDG
CM RCS PRPLNT (2) - OFF
ROT CONTR PWR DIRECT (2) - OFF

800' CAB PRESS RELF vlv - CLOSE (latch off)
MN BUS TIE (2) - OFF

AFTER LANDING:
cb MAIN REL PYRO (2) - close
MAIN RELEASE - on(up)

Go to POSTLANDING pg _4:!.7L-__
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5.7 POSTLANDING

STABILIZATION, VENTILATION, COMMUNICATIONS

DIRECT 02 vlv - CLOSE

Stablllzation after landlng
ELS - AUTO (verlfy)
cb MAIN REL PYRO (2) - close (venfy)
MAIN RELEASE - on (up) (verlfy)
S~CS PYRO ARM (2) - SAFE
SECS LOGIC (2) - OFF
cb BAT RLY BUS (2) - open

*No contact w1th recovery forces*
*VHF AM A&B - off (ctr) ~

*VHF AM Rev ONLY - A *
cb PL VENT - close
cb FLOAT BAG (3) - close
cb UPRIGHT SYS COMPRESS (2) - close
If Stable II:

FLOAT BAG(3)-FILL t1ll 2 m1n after
upr1ght, then - OFF

VHF AM AlB & BCN - OFF whlle lnverted
If Stable I:

After 10 M1n Coollng Per1od,
FLOAT BAG (3) - FILL 7 mln, then OFF

Post Stab1lizat1on And Ventllat10n
PL BCN LT - BCN LT LOW
PL VENT vlv - UNLOCK (Pull)
Remove PL VENT Exh Cover
PL VENT - HIGH or LOW
PL DYE MARKER - ON (swlmmer comm)
Release foots traps and_restralnts
cb MNA BAT BUS A & BAT C (2) - open
cb MNB BAT BUS B & BAT C (2) - open
cb FLT & PL BAT C - open
cb PYRO A SEQ A - open
cb PYRO B SEQ B - open

*EACH HR - CHECK DC VOLTS> 27.5 V *
*If Not· ,.
* cb FLT & PL-BAT BUS A&B (2) -open*
* cb FLT & PL BAT C (1) - open *
* GO TO LOW POWER CHECKLIST *

Unstow and lnstall PLV DISTRIB DUCT
Deploy grappllng hook and 11ne 1f req.
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Post Landing Communlcatl0ns
VHF ANT-RECY (venfy)
VHF BCN - ON (verlfy)

If no contact ~lth recovery forces
perform VHF BEACON Check

MONITOR VHF BEACON transmlSSlon
'n.th VHF AM B Rcvr and/or Su):vlval

Transceiver
kVHF Beacon not operatlng *
~connect Surv~val TranscelVer to ant*
*cable behlnd VHF ant access pnl
*and place radio ln BCN mode

LOW POHER CHECKLIST
VHF BCN - OFF
VHF AM (3) - RCV
FLOOD Lts - OFF
VHF AM A&B - off (ctr)
VHF AM RCV ONLY - A (venfy)
COUCH LIGHTS - OFF
POSTLANDING VENT SYS: mlnlmlze use
SURV RADIO - plug mto VHF BCN ANT cable
conn behind VHF ant acess pnl & turn radlo
on l-n BCN mode

EGRESS PROCEDURES

CMP
CDR,LMP
CDR

CMP
CDR
CMP

LMP
Ll1P,CDR

STABLE I
Dlsconnect Umblll-cals
Neck darn on
Center couch - 270 0 position
Armrests stowed
Connect raft to SIC, l-f desl-red, wlth

green lanyard
Connect raft ~hl-te lanyards to SUltS &

lnflate water wlngs when eXltl-ng
HATCH PISTON PRESS vlv - PRESS (Outbd)
Slde Hatch opened
PL VENT - OFF
cb Pnl 250 (all) - open
Egress with 11feraft
Put hardware klt out
Egress



or C.
DIP
ALL

CMF

CDR
CMF

CDR

LMF

CMF
CMP, LMF
CMP

UlP

CDR
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STABLE II
cb CREW STA AUDIO (3) - open
D~sconnect umb~1~ca1s

Release foots traps
Release restra~nt harness
Couch seat pans (3) - 170 0 pos1t10n
Arm rests stowed
Surv1va1 k~ts removed from stowage
Connect life raft ma~n1~ne to CDR or Sic
Connect f~rst wh~te lanyard from

11fe raft to suit
Connect th~rd wh~te lanyard from

l~fe raft to SU1t
Connect rucksacks together to yellow

lanyard on raft bag
PRESSURE EQUALIZATION vlv - OPEN
Remove and stow fwd hatch
EX1t feet f1rst w1th rucksacks; when clear

of siC 1nflate water w1ngs and raft
Exit feet f1rst; when clear of SiC

1nflate water w1ngs
EX1t feet f1rst; when clear of sic

1nflate water w1ngs
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6.0 TLI ABORTS

TLI Aborts are conta~ned ~n the ESD s~nce the bulk of the funct~ons

concern entry preparat20ns and performance. Th~s allows a s2ngle
source of procedures for procedure rev2ew, val~dat~on, checkout, and
tra~n~ng These procedures ~ncorporate TLI preparat20ns as found ~n

reference 6 w~th the TLI Abort Procedures and these t~e 2nto normal
lunar return Entry Procedures found ~n sect20n 5. The guidel~nes

for th~s cont2ngency are spec2f2ed 2n reference 7.

In2t2al preparat~ons for TLI pos2t20n the necessary system sW2tches
2n add~t~on to perform~ng an EMS ~V test and a GDC al~gnment. After
the DET ~s set for mon2tor2ng TB6 the CMP ~ncreases the 12ght level
of the LEB DSKY to max~mum and returns to the h2s couch. Th2s 2S
done so that the LEB DSKY can be observed ~n the event sunl~ght or
reflect20ns wash out the ma2n d2splay panel DSKY dur2ng cr2t2cal
maneuvers. The crew then straps ~n and prepares for mon2tor~ng TB6
as 2nd2cated by the SII SEP L~te. The t2mes se~uence of procedures
2S keyed on th~s d~splay and ~ncludes the DET START funct~on and
SIVB IGNITION. Dur2ng the burn the crew mon2tors the FDAI's for
att~tude excurs20ns and abnormal rates, report~ng status checks to
M~ss2on Control at d2screet t~mes dur2ng the maneuver. Upon SIVB
SHUTDOWN the eMP records the DSKY d~splayed performance parameters
and awa2ts ground conf2rmat~on.

The rat~onal for TLI aborts ~s descr~bed 2n reference 7. A summar2
zat20n 2S extracted to prov2de background and gu2de12nes 2n th2s
document. The abort procedures cover aborts 10 m2nutes after con
t2ngent SIVE shutdown and aborts 90 m2nutes after normal SIVE shut
down t2me.

The 10 m~nute TLI abort ~s des2gned to be used dur~ng TLI ~n the
event a spacecraft problem develops Wh2Ch can result 2n catastrophe
2f ~mmed~ate act~on 2S not taken. If the s~tuat20n perm~ts, the crew
should always allow the SIVB to complete TLI, at wh~ch t~me the ground
and crew can perform a malfunct~on analys~s to determ~ne ~f an abort
~s adv~sable. If a fa~lure occurs that necess2tates the shutdown of
the SIVB and the ~u~ck return of the crew to earth, th~s abort ~s

des~gned to be as ~nsens~t~ve to execut~on errors as poss~ble and
st21l be targeted to m2dcorr2dor. The burn att~tude w~th the f~ed

hor~zon reference ~s a constant value for any shutdown t~me. The
burn durat~on 2S a funct20n of shutdown t2me and 2S ava21able from
crew charts. S~nce the pr~mary purpose of th~s abort ~s to return
to earth as qU2ckly as poss2ble there are no restr2ct20ns as to
land~ng locat~on. However, ~f the t~me to EI is greater than about
two hours a midcourse correct20n should be ant~c~pated.

The 90 m2nute TLI abort 2S to be used 2f a cr2t2cal subsystem mal
funct~on ~s determ2ned and the dec2s~on to abort ~s made after the
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TLI cutoff and before TLI cutoff plus approxlmately 80 m1nutes
Th1S allows suff1c1ent separatlon and procedural t1me to set up
for the SPS deorb1t burn performed at about TLI + 90. Note that
generally the deorb1t burns w1ll be performed a fe11 m1nutes before
TLI + 90 accord1ng to crew charts shown In reference 8. The no-
comm except10n requ1res that 90 m1nutes be the 1nput t1me of 19n1
tlon for P-37 (onboard return-to-earth abort program) so that on
board calculatlons can correspond w1th ground calculat10ns to compute
the CM land1ng p01nt Th1S TLI abort lS des1gned so that return
fl1ght t1me does not exceed 18 hours and abort ~V does not exceed
7000 fps. ThlS abort can be performed uSlng chart ~V's and attltudes
and the earth's hor1zon serves as a suff1c1ent reference. The maneu
ver lS targeted to ach1eve the mldcorr1dor entry target Ilne and
tlmed to result 1n a deslgnated recovery area

It 1S ObV10US for abort deC1S1ons early 1n the TLI + 90 m1nute t1me
frame that a G&N SPS burn should be performed. In order to keep the
TLI abort procedures cons1stent and w1th emphasls on slmpl1c1ty, the
procedures here reflect a SCS SPS abort burn to cover the full abort
dec1s1on t1meframe.

A m1dcourse correct1on for corr1dor control after a TLI abort may be
deS1red 1f the SPS burn d1d not meet expectat1ons. The TLI'abort
procedures 1n th1S sect10n adapt to the normal lunar return tlmel1ne
and procedures pr10r to the f1nal MCC.
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6.1 TLI PREPARATION PROCEDURES

GET = 1:50

CRO AOS
(_:_:_)

CRO LOS
( : : )
(2:21:42)

51:00

Don Helmets & Gloves

XLUNAR - INJECT (verify)
EDS PWR - on (venfy)
EMS FUNC - OFF (verlfy)
EMS MODE - STBY
EMS FUNC - IW SET/VHF RNG
EMS MODE - NORMAL
Set ~V indo to +1586.8 fps
EMS FUMC - ~V Test

SPS THRUST Lt - on/off (10 sec)
~V lnd. stops at -0.1 to -41.5

EMS MODE - STBY
EMS FUMC - ~V SET/VHF RNG
Set ~VC

EMS FUNC---~~V=----

GDC ALIGN
FDAI Select - liZ
cb SECS LOGIC (Z) - close (verify)
cb SECS ARM (Z) - close
SECS LOGIC (Z) - on (up)
MSFN Conflrm GO for PYRO ARM (If pass)
SECS PYRO ARM (Z) - on (up)
TRANS CONTROL PWR - ON
ROT CONTR PWR NORMAL (Z) - AC/DC(verlfy)
ROT CONTR PWR DIRECT (Z) - MNA/MNB
LV INn/GPI - SII/SIVB (venfy)
LV GUID - IU (venfy)
cb DIRECT ULLAGE (Z) - closed
Set EVENT TIMER to 51:00
Begin MONITOR For TB6

CMP to Couch

TB 6 - SII SEP Lt on (TIG-9 mln, 38 sec)
KEY V83E

SET ORDEAL
FDAI #Z ORB RATE at 180, 0, 0
SII SEP Lt out (38 sec later)
Start DET COUNTING UP
SC CaNT - SCS (verify)
MONITOR LV TANK PRESS

~P < 36 psid (OXID > FUEL)
~P < Z6 psid (FUEL > OXID)

*EMERGENCY CSM/LV SEP *
UP TLM CM - BLOCK (verify)
UP TLM IU - BLOCK (venfy)
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*
*
*
*
*

+45°/P,Y
;))0· /sec P,Y

*

;.,

;.,

*
*

*

*lOK nm<HA<25K nm

*
*
*
*

Two phas~ng mnvrs, two SPS *
mnvrs to circular~ze at 150 nm*
earth orb~t *

CSM only - SPS phas~ng mnvr, MCC's, low *
* earth orb~t m~ssion *
* 4K nm<HA<lOK nm CSM &1M - Two phasing mnvrs, two SPS *
* mnvrs to circularize at 150 nm*
* earth orb~t *
* CSM only - SPS phas~ng mnvr, MCC's, low *
* earth orb~t m~ss~on *

CSM & 1M - Two phas~ng mnvrs, APS b'urn to*
depletion, th~rd phasing mnvr,*
SPS burn to sem~sync orb~t *

CSM only - Two phas~ng mnvrs, SPS burn to*
sem~sync orb~t *

*25K nm<HA<40K nm CSM & 1M - Two phas:mg mnvrs, APS burn to *
depletion, third phas~ng mnvr, *
SPS burn to sem~sync orb~t *

CSM only - Two phas~ng mnvrs, SPS burn to *
* sem~sync orbit ;.,
* HA)40K nm DPS ava~l - DPS LOll' circularize with SPS *

DPS not ava~l - Lunar flyby or CSM only to *
lunar orbit (if req'd !:>.V *
<4,000 fps) ;.,

*

V37E 47E (check b~as) Record -=--r
(Limit: 9.8 fps/mm)

( .1fps)t,VX,Y,Z
N62E
VI,HDOT,HPAD (fps,fps,.lnm)
MONITOR VI ( ), at ECO

SCS TVC SERVO PWR 1 - ACI/MNA
2 - OFF

TAPE RCDR - CMD RESET/HBR
EMS MODE - NORMAL

SIr SEP Lt - ON
*TLI Inhib~t S~gnals w~11 not*
* be honored after 59:42 *

SIVB ULLAGE Begins
SII SEP Lt - off (TIG - 18 sec)
SIVB FUEL LEAD
SIVB ULLAGE d~scont~nues

LV ENG I Lt - on
SIVB IGNITION ( : : GETI)
LV ENG I Lt - off - -
MONITOR THRUST & ATTITUDE
MONITOR LV TANK PRESS
SIVE ECO (Lt on) (BEGIN TB7)

*EMER SIVE CUTOFF AT 6 SEC
* PAST BURN TIME IF VI ATTAINED
*THC CCW &NEUTRAL IN 1 SEC
* or SII/SIVB sW - LV STAGE
*Premature Shutdown:
* HA<4K nm CSM & 1M -

*
*

57:00

58:20
58:36

F 16 83
58:00

F 16 62

58:38
59:42
59:52
59:55
59'59
00:00
00:02
SUNRISE
(_:_:_)



HAW AOS
(_:_=_) KEY VERB (freeze d~splay)

SIVB ATT HOLD 20 sec & BEGIN VENTING
SIVB NNVR TO ORB RT. (HDS DN) (.3· /sec)

Record VI -c---
HDOT _

HPAD _

KEY RLSE
F 16 62

F 16 83

HAW LOS
(_:_=-)

KEY·RLSE
~VX.Y.Z (.lfps)

Record ~VX'---_

~vy

!WZ--

AVC'---_

TAPE RCDR - off (ctr)
EMS MODE - STBY
EMS FUNC - OFF
SECS PYRO ARM (2) - SAFE

PRO

BURN STATUS REPORT

____--'~TIG

BT
------:VGX
____-::R

-----..;P
----_Y

REMARKS

_____VI

______--....:HDOT
______--....:H
______---:AVC
______---:FUEL
_______,OXID

_______UN,BAL

F 37
08=00 OOE
GOS AOS CMP TO LEB

(-=-=-)



00:00

00:03

00:05

00:14

01:00
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6.2 TLI 10 MIN ABORT
SECS LOGIC (2) - on (up)
SECS PYRO ARM (2) - ARM

TRANS CONTR - CGH (4 sec) & +X
DET RESET (verlfy)
SIVB!CSM SEP
LV ENG 1 Lt - out

* CSM!LV SEP PB - PUSH *
* RCS GMD-ON *

TRANS GONTR - neutral then +X for
10 sec

SIVB!GPI s~ - GPI
*Excesslve rates: *
* 6V THRUST A - NORMAL *
* SPS THRUST - DIRECT *
*When rates damped: *
* 6V THRUST (2) - OFF *
* SPS THRUST - NORMAL *

cb MNA BAT C - close
cb MNB BAT C - close

TRANS CONTR +X - OFF
V37E OOE

PITGH UP to LOGAL VERT (+X axlS
to~ard the earth)

RATE - LOW
BMAG MODE (3) - ATTI!RATE 2
EDS PHR - OFF
SECS PYRO ARM (2) - SAFE
SECS LOGIC (2) - OFF
cb SEGS ARM (2) - open
cb EDS (3) - open

TRANS CONTR -X (8 to 10 sec)

RATE - HIGH

MNVR TO RETRO ATT
R (180°)
P (199°)
Y (0°)

RETRO UPDATE
GETI _

!:J.V _
VG

!:J.tb ---
GET 400K _

.05G _
GET DROGUE _

ENTRY P _
R _

Y_--



09:45
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ALIGN HORIZ ON RET +1. MK
GMBL CHECK (T11lle Pentattl.ng)
MN BUS TIE (2) - ON
GMBL MTRS (4) - ON (LMP Confl.nn)
cb SPS P2,Y2 - open
RATE - LOW
EMS MODE - STBY
EMS FUMC - !J.V SET/VHF RNG
SET !J.V from chart
E~S FUMC - !J.V
EMS }fODE - NOIDlAL

/lV THRUST A - NORMAL
V37E 47E (THRUST }fONITOR)

F 16 83 /lVX,Y,Z (.1 fps)

09:50

10:00

NOTE: For aborts durl.ng 1st ml.n of TLI,
KEY V82E F 16 44 (Ha,Hp,Tff)
Burn untl.l Hp < 19NM.

TRANS CONTR +X

THRUST ON PB - ,PUSH
TRANS CONTR +X - OFF
BURN !J.V req'd
!J.V THRUST (2) - OFF
Report cutoff

cb SPS P2, Y2- close
G}fBL MTRS (4) - OFF (LMP Confinn)
TRANS CONT PWR - OFF
TVC SERVO PWR (2) - OFF
MN BUS TIE (2) - OFF
cb SPS P1&2, Yl&2 - open

F 37 OOE

Go to ENTRY PREP & SUPERCIRC ENTRY PROCEDURE
If est. time to EI<Ol:55:00 oml.t }fCC and
enter the SUPERCIRC CKLIST as early as pos-
sl.b1e. Pg ~2~3~ __
If est. time to EI)Ol:55:00 anticl.pate a
}fCC. Enter the ENTRY PREP CKLIST at step 9
pg 18



6.3
TLI+25

00:00

00:03

00:05
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TLI 90 MIN ABORT PROCEDURES
Normal CSM!LV Separatlon- If declslon

to abort made before TLI+25 mln,
abort at this time. If abort decl
sion occurs after separatlon start
with V37E OOE at 00:14

SEGS LOGIC (2) - on (up)
MSFN Confirm GO for PYRO ARM
SECS PYRO ARM (2) - ARM

TRANS CONTR - CCW (4 sec) & +X
DET RESET (venfy)
SIVB/CSM SEP
LV ENG 1 Lt - out

* CSM/LV SEP PB - PUSH *
* RCS CMD-ON *

TRANS CONTR - neutral then +X for .
10 sec

SIVB/GPI sw - GPI
*Excesslve rates:
* ~V THRUST A - NORMAL
* SPS THRUST - DIRECT
*When rates damped:
* ~V THRUST (2) - OFF
* SPS THRUST - NORMAL

cb MNA BAT C - close
cb MNB BAT C - close

*
'/<

*
*
*
*

00:14

01:00

TRANS CONTR +X - OFF
V37E OOE

PITCH UP to LOCAL VERT (+X axis
toward the earth)

RATE - LOW
BMAG MODE (3) - ATT1/RATE 2
EDS PWR - OFF
SECS PYRO ARM (2) - SAFE
SECS LOGIC (2) - OFF
cb SECS ARM (2) - open
cb EDS (3) - open

TRANS CONTR +X (8 to 10 sec)

RATE - HIGH

MNVR TO RETRO ATT
R (Block Data)
P (Block Data)
Y (Block Data)
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RETRO UPDATE (NO COMM - use Block Data)
GET! .05G _

tN __
VC

ntb -
GET 400K __

GET DROGUE _
ENTRY P _

R _

Y_--

XX:XX

59:45

Set DET count~ng up to GETI
ALIGN HORIZ ON RET +1 0 MK
GMBL CHECK (T~me Penutt~ng)

MN BUS TIE (2) - ON
GMBL MTRS (4) - ON (LMP Conf~rm)

cb SPS P2,Y2 - open
RATE - LOW
EMS MODE - STBY
EMS FlINC - nV SET/VHF RNG
SET nV from chart
EMS FUNC - nV
EMS MODE - NORMAL
TAPE RCDR - CMD RESET/HBR/RCD/FHD

llV THRUST A - NORMAL
V37E 47E (THRUST MONITOR)

F 16 83 nVX,Y,Z (.1 fps)

59:59 THRUST ON PB - PUSH
TRANS CONTR +X - OFF
BURN IW req' d
nV THRUST (2) - OFF
Report cutoff

cb SPS P2,Y2 - close
GMBL MTRS (4) - OFF (LMP Confirm)
TRANS CONT PWR - OFF
TVC SERVO PlfR (2) - OFF
MN BUS TIE (2) - OFF
cb SPS Pl&2, Yl&2 - open

F 37 OOE

Go to ENTRY PREP & SUPERCIRC ENTRY PROCEDURE
Step 9 pg _ ....1."'-1__
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7.0 ENTRY PADS

Data PADS are used by the crew to record voice callups from the
m~ss~on control center. The PAD formats are a funct~on of the data
transm~tted and the form the fl~ght crew finds to be effic~ent ~n

perform~ng the~ tasks after extens~ve tra~n~ng. The PADS presented
~n th~s sect~on are ~ncluded as examples and tra~n1ng a~ds.
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P27 UPDATE

PURP

GET

v V

• • •••• ••

V

• •• •
304 0 I IN~EX ! IN~~~ : IN ~~I I

I - 02 -1 i I I J I I
03 _ -_,I --~~-1---t ---\---:Ir---t--l

~: ----t---r----r+H ::1-1 1 ~- -m--'--l---C-i--- .L-
06 -----I------~ -~L~-,--,-+--, I 4-
~~ "--'+-j-l--- --, --1- -I r-- -~--+--~I

- --rr-I- -+ -1 rl i ---+--+-H--
I I I i I I" I -l~_1 I::-~--~---\- ~ltfF- \ l-j---4\-1
I4 _1 -:-11 I TI ---;--------+!_I
15 I ' I I I'

I I I I I:~ -]=I~t-t--~m 1-l~I-+-ir-l
20_ ~I--'I r-T-~_L 1--1--~-l-r I I
2 I -.-i--Llte-J'ti+ . i i
22 -1 I : L _~_I_-, i : I ~
23 i i ; i I I I I I I i-1 I I -;-- I-- -j_1._~'- -t--- r--I---+-
24 ,I I \ I I I I

N34 HRS ~ IX i x.l-i---i X i,x ! X i I L~
MIN ~l&X! X ; XJX IX IX :

NAV CHECK SEC X Xi: 1 X !xii:
-

N43 LAT 0 I U ~, I I
LONG ---' I.ll I
ALT + or r i 'T--+-+-+--o+-+-I--+-+l-f
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-
MANEUVER

- - IX

PURPOSE .....
" >

SET STARS / PROP/GUID
::::.
.....
z:

+ WT N47 ...:
:E

R ALIGN 0 0 PTRIM N48--- - •
P ALIGN 0 0 - YTRIM- --
Y ALIGN - + 0 0 HRS GETI- -- .

+ 0 0 0 MIN N33

+ 0 SEC

ULLAGE I--
t:NX N81•

I-- • tNy

- tNz

X X X R
X X X P
X X X Y

+ HA N44

I •
Hp

- + tNT•
X X X • BTHORIZON/WINDOW •
X - INC

X X X X SXTS

+ 0 SFT
•

+ 0 0 TRN

X X X BSS

X XI SPA•
X X X I SXP

OTHER 0 LAT N61- •
- LONG

+ RTGO EMS•
+ VIO

I • • GET 05G- - . • •
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ENTRY

AREA

X X X X X X R 05G

X X X X X X P 05G

X X X X X X Y 05G

• • • • GET HOR• • ~ • •I--
X X X X X X P CK

0 0 LAT N61
I--- • - •

LONG
:>-

X X X X X X MAX Gc:: _ · •
~
:z + + V400K N60w

- 0 0 - o 0 • T4 00K•
+ + • RTGO EMS•
+ + VIO

• • • • RRT• • • •
X X • X X • RET 05G*-• •
+ 0 0 + 0 0 DL MAX*• - •

DL M 1N.J469+ 0 0 + 0 0• •
+ + VL MAX*

+ + VL MIN*

X X X X X X DO• •
X X • X'X • RET VCIRC• •
X X • X X • RETBBO• •
X X • X X • RETEBO• •
X X • X X • RETDRO• •
X X X X X X X X SXTS

+ 0 + 0 SFT• •
+ 0 0 + 0 0 TRN

X X X X X X BSS

X xl X XI SPA• •
X X X I X X X I • SXP

X X X X X X X X LIFT VECTOR
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EARTH ORBIT ENTRY UPDATE
X - X - AREA

X X - X X - - A V TO

X X X X X X R 05G

X X X X X X P 05G

X X X X X X Y 05G

+ + RTGO EMS
• •

+ + VIO

X X • X X • RET 05G• •
0 0 LAT N61

""'- • - •
LONG ,

X X • nX • RET 02G

'l
• •

- ORE (55°) N66

R R / R R / BANK AN

X X • X X • RET RB• •
X X • X X • RETBBO• •
X X • X X • RETEBO• •
X X • X X • RETDROG• •
X X X X

~n
(90 0 /fps) CHART

xD
--

X X ORE (90°) uPDATE

POST BURN

X X X X X X R 05G

+ + RTGO EMS• •
+ + VIO

X X • X X • RET 05G• •
X X • X X • RET o 2G• •
'1 - n ORE :t lOOnm N66

R R / R R / BANK AN

X X • X X • RETRB• •
X X • X X • RETBBO• •
X X • X X • RETEBO• •. • • RETDROG f~3~;fnX X • X )( •
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3.° ENTRY CHARTS AND TLI CHARTS

Crew charts prov~de addltional onboard capab21~ty for mon2tor~ng

m2SS20n events and supply 2nformation to perform spec~f2c funct20ns
2f commun~cat20nw2th MSFN have failed. Presented ~n th2s sect20n
are s~x onboard crew charts appl~cable to the reentry phase of the
Apollo 8 m2SS20n as presented 2n reference 9 and two TLI abort charts
as presented ~n reference 7.

The f~rst chart presents the reentry corr~dor dynam~c 1~m2t l~nes and
reference 12nes as a funct~on of reentry veloc2ty (VEl) and f12ght
path angle (YEI ) at 400,000 ft alt2tude. The purpose of th2s chart
2S to lnsure, for the no commun2cat20n case, that a proper VEl - ~EI

comb2natlon w211 be atta2ned at reentry interface.

The dynamlc 12mlt llnes, the constant g overshoot and 12 g under
shoot boundar2es, are based on aerodynamic and reentry condltlons
whlch result In the most restr2ct2ve corr2dor Three reference
12nes are also lncluded on the chart and they are the 11ft vector
or~entatlon (LVO) llne, the shallow target 12ne, and the steep target
12ne. The 11ft vector orlentat2on llne and the steep target llne
are both stored In the onboard computer and are ut212zed 2n programs
63 and 37, respectlvely. For a reentry veloclty and fllght-path
angle located above the LVO llne the onboard computer will command
a lift vector down roll att2tude at 0.05 g and wlll ma2ntain that
att2tude to about 1 3 g Below the LVO 12ne the computer wlll
command a 11ft vector up att2tude to approxlmately 1.3 g.

If program 37 2S used ln conJunct2on w2th return-to-earth target2ng
or m2dcourse correct20ns, the program wlll target automat2cally to
the steep target 12ne unless the f12ght-path angle overr2de opt2on
2S des2red If the fllght-path angle overr2de opt20n 2S used, the
des2red f12ght-path angle at 400,000 ft alt2tude (reentry 2nterface)
2S 2nput lnto the CMC w2th the CMC determ2n2ng the result2ng reentry
veloclty. It 2S recommended that the steep target 12ne be used for
all onboard return-to-earth target2ng and m2dcourse correct2ons.
Thls steep target 12ne w211 also be used for M2ss10n Control Center
(MCC) targetlng for reentry veloc2tles greater than 31,000 ft/sec
For reentry velocltles below 31,000 fps the MCC wlll utl12ze the
shallow target 12ne In order to lncrease the maneuver capabl12ty of
the spacecraft

The second chart dep2cts the CMC commanded constant drag value, DO,
as a funct20n of reentry veloc2ty at 400,000 ft alt2tude. Durlng
the reentry program 64 the guidance logic lS generat2ng roll commands
wh2ch will attempt to drlve the spacecraft to the commanded constant
aerodynam2c drag value, DO During thlS program (1'64) the EMS V-g
trace and the 2ndependent G meter wlll be mon2tored to lnsure that
the spacecraft's actual drag level lS converglng to DO. If the
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computer lS not generatlng the rlght roll commands during thlS
perlod, a manual takeover lS executed and the backup mode flown.
For the lunar reentry return veloclty DO lS about 4 g's.

The thlrd chart presents the pltch glmbal angle necessary to acqulre
the horlzon at the 31 7 degree mark ln the commander's rendezvous
and docklng wlndown ThlS chart was generated assUffilng that the 0.05
g predlcted trlm pltch glmbal angle was 152.2 degrees; consequently,
lt lS dependent on the glven traJectory and vehlcle parameters from
WhlCh lt was obtalned. However, the chart lS relatlvely lnsensitlve
to both the traJectory and vehlcle parameters and could be used wlth
a one to two degree accuracy throughout the reentry corrldor for the
lunar return velocltles. Should the pltch trlm glmbal angle at 0.05
g change durlng the mlsslon, real tlme update of this chart can be
accompllshed by blaslng the chart by the dlfference between the nom
lnal and updated .05 g trlm angle. AlSo, the pltch angle necessary
to get the horlzon at the 31 7 degree mark at 17 mlnutes prlor to
EI wlll be v01ceu to the crew and can be used as a second data pOlnt
to update thlS chart.

The fourth chart can be used to determlne the requlred magnltude of
pltch from some glven reference to locate the horlzon at a prescrlbed
elevatlon on the commander's rendezvous and docklng wlndow; l.e , at
the 31 7 degree mark. Included are data for two dlfferent modes of
approachlng entry lnterface (400,000 feet altltude), each mode belng
lllustrated for a 11ft vector up and a 11ft vector down eM attltude.
The two modes are brlefly deflned as follows: (1) malntaln the
lnertlal attitude necessary to achieve aerodynamlc trlm conditlons
at the predlcted tlme the spacecraft wlll experlence a load factor
of 0.05 g or, (2) contlnually maneuver the CM to cause lt to be
trlmmed to ltS present posltion vector at all tlmes assUffilng that
the atmosphere eXlsted beyond entry lnterface (thlS is what lS done
by the CMC) Wlth elther mode belng chosen, the requlred pltch to
obtaln the hOrlzon at some locatlon in the wlndow lS shown for any
tlme up to twenty mlnutes prlor to entry lnterface. ThlS can be
done by subtractlng the deslred horlzon posltlon 1n the w1ndow from
the pltch angle from chart 4. For example, lf the CM lS ln a lift
up 0.05 g trlm attltude (top SOlld llne) and the horlzon lS deslred
to be at the 31.7 degree mark in the wlndow 12 mlnutes before entry
lnterface, subtract 31.7 degrees from the value of ¢ from the chart
approxlmately 94.3 degrees The range of usable angles lS shown on
the chart by the cross hatched area representlng the fleld of Vlew
for an 80th percentlle pllot

The two sets of dashed llnes lndlcate the attltude reglon wlthln
WhlCh the angle of attack wlll be not greater than 45 degrees for
elther 11ft up (top set) or 11ft down (bottom set). ThlS lS slgnl
flcant Slnce the crew could llkely see a sharp Jump of the roll and
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yaw error needles on the FDAI J.f the entry DAP were actJ.ve and the
ang~e of attack J.ncreased to a va~ue greater than 45 degrees. As
thJ.s occurs the DAP converts from a O.~ second samp~J.ng DAP to a
two second predJ.ctJ.ve DAP and J.nterchanges the yaw and roll error
sJ.gnals on the FDAI.

If onboard return-to-earth targetJ.ng J.S requJ.red, the target long~

tude and latJ.tude obtaJ.ned from program 37 w~ll need to be corrected
to obtaJ.n the nomJ.nal 1350 n. mJ.. reentry range. The fifth chart
shows the ~ol'.g~tude correctJ.on (the sol~d ~J.ne) whJ.ch J.S to be added
or sUbtracted, depen~ng on whether the target ~ongJ.tude from the
DSKY J.S west (minus sign) or east (plus sJ.gn), a~ a functlon of
lnert1al veloc1ty at 400,000 ft alt1tude. The dashed 11nes on the
chart depJ.ct the longitude correctJ.ons to be used for the fast and
slow lunar return traJectories.

CorrespondJ.ng to the 10ngJ.tude correctJ.on. a lat1tude correct10n
must also be made. The ~at1tude correctJ.on J.S determ1ned by cal~J.ng

up program 2l and J.nputing varJ.ous m1SSlon e~apsed times. The output
from thJ.s program is then used to plot a ground track. A lat1tude
correctJ.on can then be determlned for the correspondlng change 1n
~ongJ.tude. This ~atJ.tude correctJ.on may then be used to modJ.fy the
target ~atJ.tude obtaJ.ned from F37.

The slXth chart is to be used as a backup chart J.n the case of an
earth orb1t a~ternate mission The chart shows two curves Wh1Ch
are: (1) backup bank angle (BM.) versus burn error 1n the X-duec
t10n (~~VX); (2) downrange error at .2 g (P67) versus backup bank
ang~e. An equation J.S shown on the chart to correct the backup
bank ang~e for burn errors In the Z-dlrectlon. In order to obta1n
the correct burn res1duals (errors) from the DSKY the SiC must be
~n the retro-fJ.re attJ.tude. The nomJ.nal retro elapsed t~me to re
Verse the bank ang~e (RETRB) J.8 noted on the chart and J.8 to be
corrected by ~ RETRB shown on the rlght scale 1f burn errors are
1ncurred. The Use of thls chart can be best shown by an example.
Suppose a deorbJ.t maneuver was performed and burn errors resulted
In:

~~VX ~ + 10.0 fps

~6VZ ~ 7.0 fps

From the BM. curve the backup bank angle for a ~6Vx of + 10.0 fps
1S about 660 • The backup bank angle correctlOn (~BM.) for the
Z-ax1S error J.S (-0.40) . (_7.0)0 or +2.80. The total backup bank
angle (BRAT) J.S then BEA + aoBM. or 68.80 • For a BEAT of 68.8° the
expected downrange error display on the DSKY at 0 2 g J.S about 
150 n. ffiL US1ng th1S BM.T a LlRETRB of about +14 sec lS obtaJ.ned.
ThJ.s value J.S then added to the nomJ.nal RETRB of 22 mJ.n whJ.ch
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results In a corrected RETRB of 22 mln 14 sec. Thls crew chart
wlll be updated Vla VOlce 1 to 3 hours prlor to all earth orblt
reentrles to compensate for deviatlons from the nOffilnal end of
mlssion orbltal elements. The data pOlnts to update these two
curves wlll be voiced up and recorded on the earth orblt entry
pad message shown In sectlon 7.0.

Charts 7 and 8 are onboard crew charts necessary to perform a
10 ffilnute abort from TLI. These charts provlde the SPS burn
attltude, SPS ~V requlrement, and tlffi€ to entry lnterface as
functlons of the lnertlal veloclty at S-IVB cutoff. Charts for
aborts after nOffilnal TLI durlng the translunar coast phase are
unnecessary Slnce block data wlll be relayed to the crew for
these cases whlle the crew lS stlll In earth parking orblt.
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