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FOREWORD

This Manual Ascent Mlesion Techniques Docwnent Is one of

several doc~ent. delcrlbl~g th~ H~Z MlBslo~ (Apollo 13). The
others ~r~ ao (ollow~: '.

• '4unchAbortl

• Earth Parking Orbit and Tranllunar
Injection

• . Tranllunar Mldcourse Correctlonl and
Lunar Orbit Inl e rtlon

• Lunar Desc~nt

• Abort irom Lunar Powered Descehl and
Sub'"'luent Rendezvou.

• Lunar Sur(ace Activities

• Powered A.cent

• Lunar Orbit Activities

• Trantearth Injection, Mldcou..e
Correction., and Entry

• Tracking Data Selection Conlrolle ..
Procedures

• Contingency Proceduru

These documenlt contain Ihe oCllclally app.'oved guidance and
conlrol .e'luenes o( eventt, Ihe dala (low, end real·tlme ded.lon
logic (or Ihe "·2 mlulon, The purpo.e o( Ihese documsnlt It 10
IMure ctmpallblllly o( all relaled MSC and .upportlng conlractor
actlvilies.

foreath hllulon phase, a Dala Priority WorkIng Orouphas
bun eUabllthed under Ihedlrecllono(Chh(, Apollo Dila Priority
Coordination, ASPO. Theu group., which are comprised o( rep'
resenlatlves o( MSCand 'upporl c~nluclOrt, hold ire'lusnl msd.
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FOREWORD (Continued)

Irgs to coordinate their various associated' activities and develop

",greed-upon mission techniques. TRW assists Inthedevelopment

olthe techniques and documents them (orASPO. ACte' (ormal re

view by ASPO. 1:&00. FCOO. FOO. GAC. MOC. MIT. NR. and

TRW. a do:ument such as this one h Issued,

Thl. I. the f1n.l Issue o( the Manual Ascent Technique. Doc

ument. The mission dependent data limite and traJeclory param

eter values are applicable 10 lhe H·Z mission; the sequence o(

events, data Clow and decision logic are applicable to the H· 2 and

subsequenl Apollo missions.
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o ACA

NOMENCLATURE

attitude controller assembly

ACC accelerometer

AEA. abort electronics assembly

AGS abort guidance system

AOT alignment optical telescope

•

o

APS

ASA

AT

ATCA

AUTO

CES

CMO

COH

COU

CSt

CSM

OAP

Of:OA

OK!

bPS

OSKY

f:PS

rOA!

OASTA

OYR

ascent propulsion system'

abort senso~ assembly

PS7 alignment technique

attitude and translation control as'lembly

automatic

control eledronlcs section

lunar module commander

concentric delta heIght

coupling data unit

coelllptlc .equence Initiation

command IOrvlce module

digital aulopllot

dala entry and dllplay allembly

docking Inillatlon

deacent propuhlon .y.Iem

dllplay ahO ke)board

eleclrlcal power ayllem

IIlght director altllude Indicator

gimbal anglea .equence lun.formatlon allembly

gyro

hI
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HAM

lCDU

lMU
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LMP
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MSC
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PSI

PS2

PS7

POI

PONCS

I'Yl'

l'SA

ItO)

RCS

ROA

NOMENCLATURE (Continued)

altllude

altllude o( perilune

altllude o( perilune

height adjuII maneuver

Inertial lubsyslem coupling data unit

Inertial measuremenl unit

LaC's value o( lunar module mael

lunar module guidance compuler

lunar module

lunar module pllol

MI ..lon Conlrol Cenler • 1I0usion

Manned SpacocraCt Cenler

number o( apsldal cro..lng

nautical mile

A.cenl Program

IMU Orlenlatlon Dele rmlnatlon P rog ram

IMU Reallgnmenl Program

LOC Lunar Surface AIIgnmenl Program

powered de.cenl Initiation

LM primary guidance, navigation, and conlrol .yltem

powerod (light proce..or

power and .ervo a..e'rtbly

OAP data load routine

reaction conlrol .yltem

rate gyro a..e'rtbly
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TIO
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VIT
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touchdown

terminal phase Initiation

terminal phase tlnal

time ot Ignition
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velocity Impuhe required to achieve 35, OOO-toot perilune
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I. INTROOUCTlO::'

The guidance and navlgatlon sequence 01 events which must be

performed (or a powered ascent using either a manual technique or

degraded guidance .yatem are pr;'Hlented in this document. The recom.

mended procedures are presented in chronological sequence and are
preceded by a description of the rationale involved.

The nominal mission techniques (or powered descent are presented

in the tunar descent document (Reference 1), and the techniques {or the

period just preceding the lunar ascent are described in the lunar surface

docwnent (Reference 2). The nominal mission techniques for lunar ascent

are presented in the powered ascent document (Reference 3), and the tech

niques (or the period following insertion are described in the lunar orbit

activities document (Reference 4).

I. I \
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2. DISCUSSION OF THf; MANUAL ASCENT PROIlLEM

(
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Manual alcent from the lunar surface or Crom an aborted powe."cd

descenl would be necessary In the event of a double failure that dhabled

aUlomatic guidance sleerlng In bolh PONCS and AGS. While the probability

of any specific pair of failures o<curlng Is e"lremely small. Ihere are

many combinations of double failures (Table 2.11 which would dhable bolh

PONCS and AGS automatic sleering. This h especially true for ascent

since the current H... Z mission rules do not require AGS to be functional

*after high gale•

It Is generally agreed that

• Given a rate command attitude control system, the crew
should be able 10 guide the LM inlo orbit quite satlsfac
lorily using Ihe lowest prl'>rlty allliude reference (hori
zon vi~wed through the overhead window). The resultant
orbit would probably be far from nominal. which could
present rendezvous problems. but simulations have
shown that the LM should at least attain a safe orbit.

• Iloth the AGS/CES and the PONGS have a substantial
capability. even if the accelerometers are malfunc
tioning. However. special procedures are required to
use this capability.

• The failure of an attitude gyro in either guidance s)'stem
virtually eliminates the use of that guidance ~ystem (or
vehicle control. The failure of a CES rate gyro causes
loss of AGS automatic capability in the disabled axis
only.

For a safe manual insertion, it is necessary for the crew to have

both an accurate attitude reference and a usable attitude control mode. An

attitude control system is considered unusable if it provides insufficient

control authority or requires greater than human manual dexterity. The

attitude control and display modes available to the crew for automatic and

manual ascent steering are listed in Table 2-2 in order of priority. The

pulse and minimum impulse modes of attitude control are not considered

*The AGS system is required until high gate. However, based on the real
time situation (nominal conditions) and particular failure mode, descent
may be aborted or continued (Reference 5).

Z-I
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Notea lor Table l.I.·

I. X·aceeleron;eter lallure dhable. AdS auto attitude control and error
needle. completely. y. or Z·accelerometer lallure dhable. auto
control and error needle In the axh 01 dhabled accelerometer only.

l. Failure 01 rate gyro dhable. auto, CES rate command, rate command
with attitude hol~, and error needle In axis 01 disabled gyro only.

3. DSKY lallure can be circumvented b~ uolng ground uplink to PGNCS.

4. DEDA lallure will cau.e lunctlon to be disabled only It Cunctlon Input
hal not been entered prior to DEDA lallure.

5. LOll 01 CMD eight-bail only and OASTA

6. LOll of LMP eight-bali and AEA attitude reCerence signals

7. A Callure oC CMD or LMP ACA eHecls only the manual attitude control
capability of the, astronaut who.e ACA h disabled.

8. APS Auto Of( disabled by X-accelerometer Callure only

2·3
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Table l-l, Atlllude Control and Display Modes

Prlorlly o! Contr.I Modes

PONCS automatic

ACS automatic

PCNeS rate command/attitude hold

ACS rate command/attitude hold

CES rate command

Direct (two·jet with ACA breakeut switches)

Hardever (four. jet direct with ACA hardstop switches)

Priority of Attitude Displays

PONeS error needles (computed steering commands)

AGS error needles (computed steering commands)

PONCS total altitude (FOAl eight. ball) • four-step or 30-second Increment
FOAl pitch prome

ACS tot.1 attitude (FOAl eight-bali) • !our.step or 30-second increment
FOAl pitch pro!lle

Horizon viewed out the window ~ {our· step horizon pitch profile.

2·4
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.Ince It I. thoughlthat they lack sufficient control momentum to ovorcome

alcenl engine dhlrubance lorque••

If automallc .Icorlng conlrol II not available, Ihe hlghe.1 prlorlly

dhplay mode available (Table Z-ZI will be u.ed In conJuncllon wllh ellher

Ihe lour-slep angle· lime melhod or Ihe JO·.econd Incremenl angle. lime

melhod 01 perlormlng orbit lnaerllon. A Iyplcal lour· .Iep pitch prollle

u.lng horizon angle. (al viewed through Ihe overhead wlndowl Is prcoenled

In Table Z·J lor manual ascenl from Ihe lunar surrace. The horizon angles

and corre.ponding FOAl angle. for Ihe lour- slep pilch profile are docu

mented In Reference 6. The horizon and FOAl angles lor Ihe 30- .eeond

increment angle technique are documented in Reference 7 and summarized

in Table Z-4. The lowesl priority combination of.conlrol modes and alii

tude reference (CES rate command/horizon anglellhal will provide a high

probabllily of allainlng a safe orbll Is discussed in Section 3. Z.

The following combinations of system failure modes are considered

in this document:

• Failed AGS and failed PGNCS accelerometer

• Failed AGS and failed LOC ,

• Failed PONeS and failed AGS X-axis accelerometer

• Failed PONeS and
e

failed AGS Z-axis accelerometer

• Failed PaNeS and failed AGS Y-axis accelerometer

• Failed PGNCS and failed CES rate gyro.

The contingency procedures for these various failure modes are summa

rized in Table 2- 5. If only the direct or hardover mode of attitude control

is available, the four'. step pitch profile will be 1.1Bed to reduce the number

of attitude commands given to the responsive. light ascent stage. With

any other attitude c~ntrol mode and with a good IMU a,lignment and FDA!.

the 30- second increment angles will probably be used for manual insertion.

2. I GROUND MONITORING DURING MANUAL ASCENT

In the event of ma.nual steering during ascent, the ground will mon

itor the LMt s performance and advise the crew of necessary corrective

attitude maneuvers. Out-of-plane velocity errors are displayed as ¥ on

z- 5
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Table l·l. Typl<al Manual Altenl Steering Techniques (rO,.,.Slep
Pilch Profile Using Horizon Angles).

Time
(mlnllee)

0:00 Llft·oU • vertical rhe

Yaw 10 proper azimuth heading

0:15 Inltlale pitch 10 flr.1 horizon an&'. (17 degrees) viewed
Ihrough overhead window

Use vehicle shadow or preselected landmark lor roll
attitude

Use horizon line lor yaw attitude

Usc ACA 10 hold horizon line attitude

1:14 Inltlale pilch 10 second horizon angle (H degrees)
viewed through overhead window

Use landmark (or roll attitude

Use horizon Une lor yaw attitude

Use ACA to hold horizon line attitude

'}.'

]:26

5:24

Initiate pitch to third horizon angle (l5 degrees) viewed
through overhead window

Use landmark for roll attitude

Use horizon line lor yaw attitude

Use ACA to hnld horizon line attitude

Initiate pitch to final horizon angle (t 1 degrees) viewed
through overhead window

Use landmark for roll attitude

Use horizon line lor yaw attitude

Use ACA to hold horizon line attitude

,)-

6:30 Close ReS interconnect

7:22 ~aintain horizon attitude until fuel depletion or until
MCC-H indicates ~VS:; 0

*Angles do not include cOl"rection for APS engine cant.

2-6
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Tablo l·4. Crow Choekl"l Horhon and f'D...I "'nglo. lor
.... eenl Monllorlng 130.Soeond Pileh Profllo)

f'•

FD...I
"'ngle.
.1ill.I..

308

305

302

299
296
Z9Z
289

l85

281

271

273

269
264
259
258

Horhof
Anglo
Ides'

39
38

35

33

31

29
26
Z4

21

19

16

13

10

7

6

TIme Irom
Ignilion

Imln:sed

·0:05

0:00

0:10

0:30

1:00

1:30

2:00

2:30

3:00

3:30

4:00

4:30

5:00

5:30

6:00

6:30

7:00

7:10

I

1
\

(i-

*Yiewed from r..verhead window .:.vith no ra~ maneuver.

2·7
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Table l- 5. Summary of Manual Ascent Procedures

F..II.....

AG5 I~ih'd

PONCS .....h ••u ....t. r

f.iln

Attil,,'l. J~""I... I

I>QNCli ...1. '''''''01.''''''
.. I!it"". hohl

PONCs FOAl. f"lr
JIl..... In.........nl
FOAl " ....filll

!\l i........nt for ! Ht· ..ff

P UAT• .lt"""'......1

to ..t.""' lift_U

Rl:PSMMAT

P_I "'.pleto
""'Vs&O

T... LOCp...._ ........ _ .....z. a.LGC

_··~-.. --.-I .._I
hl'lli. pri.... fift-oft:.

AGS f.. il ....

LOC '.il.,.1

PON<;1:i FOAl 0 .. ho.' ..
• .. r.""nc... P'lr I .
.1"l&pPOUIII .... JO ,c
'n,- ••n,,,nl .ntll...

Eith.r k_p the ......-..1 F_I ......_

.1i8_t •• cae. t_ tMt: t.. •• ~V!i • 0

10M l>odV._ i_

bedy ."tt""'. f__ ..

·'shli.....

!"G'-Cli '.i1n ACS .,tit"". hDldl '.100 "Cli FOAl. Fly fOil". Aeli 1.._. ali...
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the lunar De.cent/A.cent P1gltale Dleplay (MSK 00$4). MCC." will HC'

commen<\ atlltude change. (roll) In Increment. 01 Z degree. H Ybecome.,

larger than approximately 50 leel per 'etond. In addilion 10 oul'ol'plane

error monitoring. MCC·" will be monitoring the analog dl.play. oll\lghl.

palh angle vereu. velocity. allilude verou. range.lo'go. and altitude ver •

• u. a1l11ude rale. Aboul 3·I/Z to 4 mlnule. aller IUt.oll, Ihe cre v will be

advhed 01 any pilch adJu.lmente (In Z.degree Incremente) needed to Insure
a safe insertion.

Prescnlly, a ground.conlrolled InsertIon (GCI)lechnlque Is being

developed by FCD and MPAD 10. manual asce.,ls Irom Ihe lunar surfe<o or

(or ascents Crom a powered descent abort. A. documented in ReCerence 8.
Ihe OCllechnlque I.basically a closed lo~p system which aile mph to dup

licate Ihe PallCS variable Insertion largeting (VIT) and involves Ihe LM.

RTCC, Fllght COfltrolters, and astronauts. The flight controllers monitor

a display 01 LM altitude rate (6) versus altitude and give Ihe astronauls

attitude commands to cause h to approach the nlaximum value (H )*
max

and Ihe cutoff value "cUIOff'- al lIZ TOO and TGO:O. respectively,

For manual ascents from the lunar surface. TGO would be equal to

the nominal ascent burn times. For descent aborts, TGO ''''auld be csti.

mated as the time elapsed between PDI and the abort. For aborts Occur

ring prior to approximately PDI, ,+ 4 minutes, there would be no vertical

rise period. and the astronauts would perform a pitch maneuver until the

horizon was visible at the lower edge Qf the overhead Window. Alter the

a.~tronauts c'Jnfirmed acquisition of the horizon. a pitch maneuver of.- .approximately (JOlTabort) degre.es would be commanded by the ground.

Thereafter. the flight controllers would issue attitude changes in 5- or

IO-degree increments in order to .lchie\ie Ii by T b lIZ. Engine
max a or

shutdown would be commanded when the desired it and inertial velocity
had been achieved.

-H' H' I ff and the desired ine~·tial velocity at insertion will bemax' cu 0 ' ,
determined from ground charts.

**T is the elasped time between PDI and the abort in minutes.abort

Z'9
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f'or d•• c.nl abort. occurlng altor approxlmatoly POI t 4, a period

o( verllcal rl'e would be commanded until the flight coni roller In.ured Ih~1

fa wao po.IIlY.. The aolronaul,would Ihen be In(ormed 10 pilch until tho j
horl,o,' wao acquired In Ihe lower edge o( Ihe overhead window and 10 .Iand

by (or ;"rther command.. Sub.equenl change. In allllude would be voiced

10 the aotronaul to achieve the de.lrable h and VI at In.erllon.

Al Ihe pre.enl lime. the aCllcchnlque II not compallble wi.:. the

(our-step or lO.. second increment pit..:h profile. Thus, If ascent were ini

tiated with the Gel technique and ground communicaUons were lost. these

other manual techniques could not be used. To alleviate this disadvantage,

II II antlclpated that onboard chari' will be developed 10 enable Ihe aslro

oaut to continue manual ascent if ground communications were lost.

Another difficulty v/lth the Gel technique is that the yaw maneuver, which

must be perhHmed to insure communicalions, adversely afCects the astro

nauts ability to use the horizon as an attitude reference. A technique which

consists of perlorming a roll maneuver with each ground"commandf;d pitch

attitude change has been proposed to circumvent this difficulty.

Although not currently a mission techniques recommendation, the

GCI technique eventually may achieve that status if it proves to be more -)

reliable than the current Cour· step and 30- second in.crement angle· time

methods.

l. lAPS CUTOFF FOR MANUAL ASCENT

In the case of manual ascent. the APS will be run until MCC-H calls

~VS ;: 0 (~VS is the velocity impulse required to achieve a 35. 000 Coot

perilune altitude with the current altitude. h. and flight·path angle. ,,) or

until fuel depletion. if it occurs earlier. ~VS;: 0 cutoff will protect

against an apolune greater than 300 nautical miles if the altitude at inser·

tion is greater than 35. 000 {eet and the flight-path angle is approximately

zero. The RCS interconnect will be open lor the first 6-1/2 minutes or

until VGX = 500 feet per second (nominal procedure) if a VGX display is

available.

l-IO 1

JI .
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2. 1 MANUAL ABORTS FROM POW£R£O O£SC£NT

(

I

"

A manual de.cenl abort would probably requlro the crew to control

vehicle altitude by mean. oC C£S rale command or dlrecl altitude control

\YUh the horizon viewed through Ihe Corward window as an altitude reCcr

cnce. Horizon and FOAl pitch prome. Cor aborto u.lng the APS or OPS
• •DPS'APS have been developed In ReCerence 9. Figure 2- I .how. the

pitch angle-Ume hl.Iory Cor a manual abort Cram powered de.cent USing

the APS engine and the horizon as viewed through the docking window. The

chari Ie subdivided Inlo three abort zones:

• Zone I - Cull throtlle position POI + 26 seconds' to PUI + 2
minutes

• Zone II· POI +2 minute. to POI + 10 minutes

• Zone III - POI + 10 minutes to touchdown.

The first 26 seconds of powered descent are not considered lor

aborts as the LM perilune remains above 30, boo feet (safe orbit) during

this period.

As illustrated on the right side of Figure 2-1, mariual insertion is

accomplished in abort Zone I by burning at a constant attitude angle, Angle

1(8,), for duration Time I. Time I includes the time necessary to exe

cu;te the pitch maneuver from the abort initiation attitude to An~le l.

There iF- no vertical rise period in abort Zone t.

For Zone II, a vertical rise phase of 20 seconds is included a6 part

of Time I. The 20 seconds of vertical rise also includes the time required

to maneuver from the abort initiation attitude to the local vertical. After

the vertical rise phase. the vehicle is maneuvered to Angle 1 (6 I) and

remains there for the rema.inder of Time l. Subsequently. a pitch attitude

of Angle 2 (62) is maintained for the period Time 2. Time 2 includes the

time necessary to pitch from Angle I to Angle 2.

*Apollo II profiles

2-11
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Since Ihe altitude al aborl Initiation In Zone 111 wl\t be less Ihan

1000 Eeel, Ihe pitch profile Eor Insertion will be Ihe same as Ihe one Eor a

manual ascent Erom Ihe lunar surEace (Table 2.l).

The charts documenled In ReEerence 9 will be available at MCC·ll
Eor a manu,1 descent aborl. Depending upon crew preEerence, Ihe dala on

Ihese charts can be made available In Ihe Eorm or cue cards Eor onboard

ule. Thele cue cards would provide appropriate burn attitudes and burn
durations baud on the time oE aborl and Ihe hlghell priority attitude reE

erence Iystem available.

2.4 MANUAL TAKEOVER DURINO roWEllED ASCENT

It II unllkely that bolh PONeS and AOS would 1311 during atcenl;

IhereEore, .. manual takeover during ateent would probably result hom a

lingle .y.tem Eallure durIng atcent sub.eljuenl to a Eallure In t.he olher
.y'lem prior 10 llEl-oEE. Followlng dlecovery oE Ihe Elret syste", Eallure,

Ihe crew will conElgure Ihe Ealled Iyete." so at 10 hsst utili.. It Eor bachp

h' the eve"t or a "colid .yete." Eallure durllig atcent. In all lallure c..el,
the lO-lecond lliere."ent horhon angle. Erohl the checkllel wlll be available
Eor attllude relerence( Table l· 4).

---_.~_._---
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3. ASCENT WiTH DEGRADED PGNCS AND FAILED AGS

The lollowing procedure will be uaed lithe AoS haa tailed and the
PONCS la degraded. Section 3. I preunl! the recommended procedure!
to be uaed when a PONCS accelerometer h.. lailed. Section 3. Z preunU
the re"ommended pu. edure! to be uaed when the LoC h.. lalled. A
FONCS gyro lallure will neceultat. the uu 01 the horl.on .. the altitude
relerence and emergency dlrecl (hardover) as Ihe conlrol mode.

3. I FONCS ACCELEROMETERS FAILED

3. I. 1 Altltude.Ol!play and Conlrol MOde!

The general elleci 01 an acceletomeler lallure la 10 predude mea·
auremenl 01 LM veloclly change In Ihat a"la. Since Ihe ...olng ollhe
Hale laclor ola FONCS occeleromeler II nol poulble, Ihe degraded
acceleromelet cannol be laolaled Irom the ayalem, conaequenlly, aulo·
malic guidance lIeerlng u8lng acceleromeler oulpula will nol be per.

lormed. The hlghell priority cotilrol mode available (Table Z.Z) II PONC~
rate command/ailltude hold. The attllude dllplay mode 01 hlghell priority
(Table Z·2) IIlMU lolal altitude u Indlcaled on an YDA/,

3. 1.2 IMU Altgnmenl

Since Ihe IMU gyrol And LOC are luncllonlng properly, Ihe InerUal
platlorhl can be aligned 10 a preletred a1lltude, Thil can be accompllihed
hy ualng allgnttientlechnlque 2 (two lIarl 10 the lIandard IIlt·oll
RErSMMAT (opUon •• landing IIle). Ora\'lly allgnmenll (technique I or
3) mUll nol be uled, The allgnmenl can be lCcompllihed onboard wlthoul
MCC·H a..lll&oce, and Ihe JO'"econd Incrertlenl anglea Irom Ihe crew
chockllil can be ulod lor a mAnual lite ring re'eronco <luring ucont,

J, I, J LOC Vtocedutu

AllhOu,h aulonlAllc ,uldAn.. lIeerlng II nol AVAIlable, the Alcenl
ptogram (l'IZI will be enlered prior 10 utl'oll, FIZ aulomiliully !fleela
Ihe l·de,tee altitude cOllltol d..db.nd .nd Ihe 'out'Jet IranllaUon, In
addilloll, lelecllon of PIZ II pUI of Ih. nominal "celli proceduru. The

)0'
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output of the tailed accelerometer may <:ause the LGG's value of the LM's
m... ILEMMASS) to be decremented uroneously, Therefore. in order

jto Insure .ltltude control st.blllty. the ";Inlmum v.lue ot LEMMASS
(llOO kg) wl11 be entered In the LaC prior to IIft-oU.

3, l. 4 Asctnt Procedures

TIO - 45 min Per{orm a technique 2 (two star).lIgn-
mentlo the standard Illt-oU Rt:FSMMAT i,

• I (landing slle).

I
I McC -H uplinks state vectors as usual. I

TIO - 30 min Load Inllial value o{ Lt:MMASS In the
LOC via R03 to be equal to Its lower
limit.

TIO - 15 min Flight program \I PI2

Ould.nce control switch - pONCS
Mode control Iwltch - HOLD
Atlllude control Iwltch.. - MODE

NOllllnal RCS Intercorinect procedur..

no Arlll Aps·
PUlh AllORT STAOE

->PUlh START

Fly manual ucent ullng Ihe 30- lecorid
Increment FOAl pilch prollle trom the
crew checkUst.

TIO f 6-1/2 Illin Clo.. RCS Interconnect,

Ny to {uet depletion or until MCC-H
IndlcUea AVS • 0,

3,2 LOC }'AILUkt (cts RAtt COMMANO/llOklZON kt}'tRtNCF,

3,2, I AlIltude O\lpllY and COntrol Modea

An LOC {allure will dUable the OAp and caUIe lOll o{ IMU aUgnnunt
capabllUy ullng routln.. PSI, 1'U, and 1'57, 'the IMU, however. II llill
{unclional. and. It It II or can be aligned 10 Ihe preterred 1I11-01t orlenla
tlon. II wIll b. avaUabl. AI Ihe highest prlorlly altitude reterence. U Ihe
above 'I nOllh. cale, Ih. altllude rete rente will be Ihe horbon vIewed oul
Ih. window.

).2
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The PONGS control ~odes available are direct and hardover: how
ever, GES rate command wl11 be used It Ills available. The ascent pro
cedures (Section 3.2.3) assume thatlhe manual control mode Is GES rate
command.

In the c"e where the nature ollallures Is undetermined or In n,e
case 01 speellic double lallures (PONGS lall.d and AEA lall.d, .tc.I, the
proc.dures descrlb.d h, this section lor und.slrable IMU orl.ntatlon ..e
appll.able. In oth.r words. CES rate command (or direct) wllh the horizon
vI.wed out th. window .. the attitude reteren•• wl11 b. us.d.

3. 2. 2 IMU AlIgnm.nt

lithe IMU w.. allgn.d to 1I1t·olt orl.ntatlon prl6r to LoC lallure and
sh6rUy b.lore IIlt.olt. data trom two AOT star slghtlngs and rOAI angl.s
voiced to MCC-H ~ay be used to .h••k the alignment a••ura.y lor 1I1t.olt
(.... II. II. however, the IMU wu IIOt allgn.d to 1I1t·olt orientation prior
t6 LOC lallure, the star sighting data. and rOAl angl.. may be uled to
d.t.rmln. 1/ a body a,,11 align will provld. IMU allgnm.nt luWeI.nUy clole
to 1I1t·olt orl.ntatl6ft (.... 2). In either ... e I or c"e 2, MCC-H will
re.ommend that the .rew Use the lour·step rOAI plt.h prolile or the
30-ae.ond angle Incrementl 6ft the crew .heckllst 1/ the dulr.d IIlt-olt
IMU 6rlentatlon CAn be achlev.d. II the IMU cann6t be pla.ed In a d.llr
able orl.ntatlon, the cr.w will ule th~ horlton vlew.d out the window .. an
attllude r.leren«.

(I

).2.) Aleent Pro••dur..

flO - 60 hlln

flO - )0 mIn

Crew perloflnl two star lighting I and
voltu the data to MCC -H.

Crew read I the pruent rOAI anglu to
the ground.

MeC -H comput.. the LM body a,,11
or!l'ntatlon and preaent IMU orhnlatlon.

Crew calea the IMU to body 6l<ea It
rec(,mm.nded by MCll -H.

._~ .._------------ .. --,-_ ..........
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TlG ·20 min

TIO

TIO t 6-1/2 min

AEA power 0((
Guidance control switch· AGS
Mode control switch· HOLD
Attitude control switch· MODE

Select lour-Jet translalion.
Nominal Res Interconnect procedures

Arm APS
Push ABORT STAOE
Push START

l'ly manual ascent using the lour· step or
30.second Increment l'DAI pitch prolilc
(desirable lMU orlentalion) or horizon
relerence (undesirable lMU orientation).

Close RCS Interconnect.

l'ly to luel depletion or until MCC·H
Indlcat.. ~VS • O.

I

\
I

\,
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4. ASCENT WITH A DEGRADED AGS AND FAll.ED PONCS

(
The general ellect of an AGS accelerometer fatlure Is to disable

measurement of velocity changes In that vehlde axis only. The AEA can
be made to Ignore any spurious output from the failed accelerometer by
seltlng that accelerometer's scale laetor constant In the AEA to zero. It

should be noted that this could not be accomplished In the case of a mal
lunetlonlng PGNCS accelerometer.

4. I AGS X-AXIS ACCELEROMETER FAILED

4. I. 1 Altllude Display and Control Modes

When an X·axls a«eluometer lalls, the automatic ascerit guidance
program Is dlubled since the major component ol engine thrust II not
meuured. The AGS upablllly to measure vehicle altitude Is not allecledl
consequently, the AGS FOAl attitude dllplay alld the AOS rate command I
altitude hold control modes are available and have the highest prIority.

4. I. 2 AGS Allgnnlent

The AOS X·axls accelerometer II not used by AOS.lunar align) thue·
lore. nominal AOS allgnh,ent procedures will be used to prepare lor lilt·
oil. The AOS lunar align uses a gravlly vector meuured by the Y' and
Z-axis accelerometers lor vertical erection. One AOT star alghtlng It

perlormed, and the data are voiced to the ground. MCC-H procesaes these
sighting data and voice a to lhe crew the new ulmuth data which are n.an
ually loaded vIa the DEDA. 1/ an AOS gyro ullbratlon It perlormed, It

must be preceded by an AOS lunar align.

4. I.) AtlS Entries to Prepare lor Lllt'of(

In addition to perlormlng the atandard DEDA entries which load AOS
ulmuth a,nd uU AOS lunar align, the crew ',<lU manuAity Ie,ad the LM ahd
CSM allle vecto, data voiced up Irom MCC·H. Lunar align will be ullcd
by the nonllandard DEDA entry 01 400 • 00000 which uUs the allllude hold
cont,ol mode.
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4. I. 4 Ascent Procedures

TIG - 60 min

TIO • 30 min

TIU • 2 min

TIO

TIO t 6·1/2 min

•Crew performs one AOT sighting and
voices data to MCC-H

•Crew selects AGS lunar align (400 t
40000) followed by AGS gyro calibration
(400 <- 60000). These routines require
3 and S ,,,Inutes, respectively... . . ..

MCC-H computes and voltes to the
crew the following azimuth data for DEDA
input:

sin 6L (addre.. 047)

cos 6L (addre .. OB)

••Cnw telect. ACS lunar align (400 t
40000)

*MCC'H voice. LM and CSM .Iate vec
tors to the crew lor DEDA Input.
(16 entries)

••Nominal !lCS Interconnect procedures

duldance control switch' ACS
Mode control .wltch - II0LD
Atlltude control swltche. (three) •
MOIH:

Exit lunar align and enable attitude hold
(400 t 00000)

Arm AI'S
pUlh ABORT STAOE
PUlh STAIIT

rty IltariuAl &lcetll ullng Ihe lour·.leo or
30',eco..d Incrente ..t .'DAI pilch proille
hoot the crew checkll.t.

Clole IICS 1..letco...... t.

)'Iy to luel depletlon or u..III MCe·1I
Indicates AVS - O.

·Sta..dud procedure lor bad PONeS. good AOS
•• . I·· ,Stalldud proudure lof tlOmlna coun!~own

4- 2 .l
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4. ZAGS Z·AXIS ACCELEROMETl:R FAILED

(

(I

4. Z. I Atlltude Display and Control Modes

The failure of an AGS Z-axis accelerometer does not disable the AGS'
automatic: ntode since the matlurictlonlrig accelerometer can be pointed out

01 the maneuver plane and the AEA instructed .to Ignore Its output. Even

though It Is not possible to perform an AUS lunar align, the AGS LM slate

vectors can bo adjusted by MCC-" to Le compallblo with the aligrunent
obtained; The AGS automallc mode of guidance control may. thorefore, be

used In ali three axes. The LM will h ascending In an unusual atlliude (on
Its side); thorefore, system monitoring must be performed by the ground.

Horlson angles can be uled for attitude reference by yawing In-plane In the
event 01 a manual takcove f.

4. Z. Z AUS Alignment

Since the lunar align mode <ahnot be uled with a failed Y- or Z-axis
acceleroh,eter, the AOS mUlt be aligned by performing a body axil align

(400 t SOOOO). This DEDA entry letl the AOS direction COlin.. to the
Identity matrix and Is exited (that Is, the AOS gou InertlaU with the next

entry Into location 400. The DEDA entry 400 t 10000 mUlt. be perlormed
by the crew atll,e time reQuelted by MCC.H, or the LM and CSM Itate
vectors which I,ave preViously been entered wllt be Inaceurate.

4. Z.) AOS Entries to !'repare lor Lllt'ot(

Since the Z·axls accelerometer output Is unreliable, Itl output wllt
bo £Oroed by a DEI>A entry 01 S)b t 00000. The AI'S engIne Is canted
I-lIZ degreel toward the body Z·axls. Since the Z·axls aceeleroh,eter
output has been leroed, thlt thrust component wllt not be Incalured.

Theretore, In order to cOmpensate lor this cOmponenl ot thrult accelera
tion, a pHudo-blu (eQual to the aveuge body Z·axls thtust acceleration

during u(enll will be Introduced by ADEDA entry 01 HZ t 00166
(0.166 lI/lee Z" This techniQue Is described In Relerence 10.

The automatic reorientation ot the body Z·axll out ot the maneuver

plane can be Accompllihed by Ilrst Inserting the desired vector componenls

Wbx' Wby' and Wbl And then entering S·bsud UHrlng (6U t 10000'. II
thl. procedure II lollowed, the body X·axll would be orIented along the
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'fG ve<lor .nd tbe body Z-.xll would be orlenled by nulling Ibe dol producl

between body Z-.xls .nd Ibe ~b veclor.

Allbe presenlUme, Mee-I{ h.s no c,p.blllty (or compullng the ~b

veclor. Tbe easlesl melbod lor obl.lnlng Ibis veclor Is, tberelore, to

re.d oul lbe unit veclor normal 10 the. eSM orbit pl.ne lli I .nd convert It
c

to tbe desired quanllly by rot.tlng II 90 degre...boul Ibe Inerll.l X-.xls

.nd Ihen 180 degrees .bout Inertial Y·axls. Tbll musl be done.!.!!£! Ibe
AOS II Inlll.lIoed wltb Ibe eSM st.le vee lor. Tbe oper.tlons whlcb must
be perlormed are summarl<ed In T.ble 4-1 (nelerence 10).

Tbe C:lM .nd LM sl.le veclou will be voiced 10 tbe creW Irom

Mee·1{ .nd monually lo.ded vi. Ol:OA. Tbe LM st.te vectou on tbe creW
cbecklht must not be used slt)ce tbey are nol relereneed 10 a body axis
alignment.

AGS guld.nce .Ieerlng will be enabled wllb tbe normal entry 0.1

400. 10000. Tbe (few will enler tbe targHlng par.meteu (.Itltude rale,
.Itltude, upper limit 01 .emlm.Jor .xh, lower limit o( .e",lm'Jor axis)
Into Ol:OA .ddr..... 465, 232, 226, 225, respectively.

T.Me 4·1. Procedure (cir Genu.tlng ~b Vector

)

I
I
I

Slep No.

I
2

3

4

5
6
7

Opu.tlOI)

Read oul via Ol:OA 10cUlon 054, Wex' tn oct.1.
Compute Ihe oetAl complement, change the stgn,
and enter hlto 10eUIon 514, Wbx'

Read out via O~OA loeotlon 055, Wcy' In oelal.
COmpUle Ihe octal complement, change the Ilgn,
and enter Into 10eotlon 516, Wb.'
Read ciut vl& O~OA loe&tlon 056, Wti' In Oel&!.

~nter thl. v.lue Into loeotlo.n 515, Wby'
~nler vl& U~(}A 623 • 10000.

!,
I

I
1.,
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4.2.4 A.cen~ Procedure.

TIO - 60 min

TIO - 30 min

11'.' - 2 min

TIO

Crew per(orm. two AOT .Ightlng. and
voices the .Ightlng data to MCC-H.

Cr.w loads Z·-axls acc.l.rom.t.r ps.udo
bias (542 +00366) and ••ro•••cal. (ac
tor (536 +00000).

Crew load. targ.tlng param.ters (rom
checkll.t Into DEDA addr..... 465, 232,
225, and 226.

MCe-" eomput.. LM body attltud. In
Inertial spac••

Mee-" eomput.s and volc.s to the er.w
the eSM. and LM atat. v.ctOrA compatlbl.
with a body a,,11 allgnm.nt. Th. er.w
loads Ih"e values using the .tandard
<heekll.t lormat (16 entrl.. I.

Crew perform. body axl. alignment
(400 + 50000)

Ouldance control swllch - AOS
Mode control switch - AUTO
Allliude control switch.. (throe' - MOUE

Use nominal nes Interconnect proc.d"re

Crew reads Y!.c vedor (OH, OSS, 0561
and vole .. It to MeC-"

Crew loads Wbll' Whv' Wba voiced trOIn
MCC-" In IlEDA addte .... 514, SIS,
and 516, r..pecllvely.

CreW enters 623 t 10000 to Ulil Y!.b tar
gellng 01 yaw maneUver.

Crew Hlecll ascenl progUli\
(410 +00000)

CreW enaMu guidance steering
(400 • 10000/

Arm - APS
!>IIsh - AIlOnT STAOE
P,"h - START

Fly the AUTO mode 10 orbll with auto
ApS shutdown. Use Ihe nohllnal nes
Interconned procedutu.
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4.3 AGS Y·AXIS ACCELEROMETER FAlLED

4.3. I Altitude Dlspl.y .nd Control Modes

The elfeels or. broken V-axis accelerometer on AOS control and
.ltltude displays Is the same as a Z·axls accelerometer. The top priority
control mode Is AGS AUTO In .11 three .xes. The <reW checklist horloon
angles can be used ror m.nu.1 ascent backup.

4. 3. Z AUS Alignment

Since AOS lunar align cannot be performed with either a disabled V·
or Z·.xls accelerometer and PONeS Is assumed to have previously r.lled,
.n AOS body axil .lIgn wl\l be perrormed. The AOS Inertial orientation
wl\l be compuled with the procedur.. deocrlbed In Section 4. Z. 2.

4.3.3 AOS Entries to Prep.re ror Lltt-olf

To prepare AoS ror ascent with a broken Y·axls acceleromeler. It

wlll be nece ry to make OEDA enhlea or SH +00000 .nd 541 +00000 to
tero the Ie raclor .nd bias or Ihat acceleromeler. The logic bit S623
will be sel by • OEOA enlry or 623 +00000 which <AUS" AScenl targeting
10 polnlthe body V·uls oul or Ihe ASeenl plane.

the CSM and LM .Iale veclora wl\l be voiced 10 the crew frorn
MeC·H and manually loaded via OEOA (16 enlrle'I. A(lS guidance .Ieer·
Ing will be enabled with the normal enlry of 400 + 10000. Targeting
par.melert mull be enlered ViA the OEOA In .ddre.... 46S. 232. 2B.
And 226.

)

,

'/.\
I

I

4.3.4 Al<cnl Procedurea

TIO • 60 min Grew perforni. Iwo AOT .Ightlng••nd
vole" the .Ightlng dUa 10 MCC·H.

Crew .ero. Y'Alell Acceleromeler biAS
1S41 +00000) Ind leale factor
ISH +00000).

Crew lo.dl IArgetlng pAr.melert hOrn
thetkllllinio oroOA .ddre.... 46S, 232,
22S, And 226.

Mee·H tOmpul.. LM body UtlllJde In
Inertl.1 Ip.ce. '

I
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TIO • 30 min

TIO· 2 min

TIO

MCC·H computes and voices to the crew
the CSM and LM Itate vectoro compatible
with a body a,,10 allsn",ent. The crew
load. these value. u.lnS the .tandard
checldht format (16 entries I.

Crew perform. body a,,10 allsnment
(400 t 50000).

Ouldance control .wltch • AOS
Mode control .wltch • AUTO
Atlltude control .witche. (three) • MODE

Crew enters 623 t 00000 to Inltruct AOS
to point the Y·a"h out of the maneuver
plane.

Crew en,ables guidance steering
(400 t 10000)

Arm APS
Pu.h ABORT STAOE
Pu.h START

•

Fly the AUTO mode to orbit with auto
APS .hutdown. U.e the nominal RCS
interconnect procedures.

( 4.4 ONE AOS RATE GYRO FAILED

4.4. 1 Attitude Display and Control Modes

The loss of a rate gyro disables AGS automatic control in that vehicle

axis. This has been verified by simulation; therefore, the top priority

attitude control system is auto in the unaltected axes and direct in the

disabled axis with the FOAl as an attitude reference for manual steering

in the disabled axis. The crew checklist horizon angles can be used for

manual backup.

4.4.2 AOS Alignment

.Since rate gyros are not reqUired by AOS lunar align. the nominal

AGS alignment procedurf7!s will be used to prepare AGS (or lift-off. It will

be necessary for the crew to perform one AOT star sighting and voice the

data to the ground. MCC-H processes these sighting data and voices to the

crew new azimuth data which are manually loaded via the DEDA.

4·7

I
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4.4.3 AGS Enlrle. 10 Prepare (or A,cent

In addition 10 per(ormlng the .tandard OEOA enlrle. which load the

AGS azimuth and call AGS lunar align. the trew will manually load lhe

CSM and LM .tate veelor dala voiced hom MCC·H and lhe largellng

parameter•.

\

!
I
I

4.4 ..4 Ascenl Procedures

TIG· 60 min

TIG - 30 min

TIG - 2 min

•Crew performs one AOT sighting and
voices dala 10 MCC·H.

•Crew seleeh AGS lunar align
(400 t 40000) (ollowed by AGS gyro tal·
Ibratlon (400 t 60000). These routines
require 3 and 5 mlnules, respecllvely.

Crew load. targeting parameter. Irom
cheekllsllnto OEDA addre..es 465, Z3Z,
ZZ5, and ZZ6.
e.

MCC-H computes and voices 10 the
e rew the following azimuth data (or
DEDA Inpull

Sin 6L (address 0471

Cos 6L (address 0531

**Crew selects AGS lunar align
(400 + 40000)

* .. ,
MCC-H voices LM and CSM state vec-

tors to the crew for DEDA input.
(16 entries'

Use nominal ReS interconnect procedures

Guidance control switch - AGS
Mode control switch - AUTO
Attitude control switches (two) ... MODE
Attitude control switch - DIRECT

**. .EXlt lunar ahgn and enable guidance
steering (400 + 10000).

I
I

./

o
Standard procedure lor bad PGNCS, good AGS

00
Standard procedure for nominal countdown

4-8
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TIO Arm APS
Pil.h ABORT STAO£
PIJ.h START

Fly manual a.cent In Ihe dhable<1 axh
only (u.lng Ihe (our•• lep FOAl pltchpro.
me or 30-.econ<1 Increment hom Ih.
crew ch.ckll.1 If required)

U•• lhe nominal Res Interconn.et
proc:edure.

U.e automatlc APS .hutdown,
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5. RENDEZVOUS MANEUVER

In mo.1 manu" In.o rllon In.lanco•• a CSM acllvo rendo.vou. will bo

required.· Wllh bolh Iho PONCS and AOS Inoporallvo. Iho roqulred attltudo

releronce and delta velocity dltplay. on Ihe LM probably would nol bo

avallablo. In addillon, compllcallon. are encounlered becau.o Ihe LM

In.erllon orbll may have an apolune at greal at 300 naullcal milo. and a

porlluno Ihal require. Ihe LM 10 perlorm an RCS burn al apolune. The

ground (MCC.H) monlloring procedure•• dltcu..ed in Sectlon 2. I. should

provide a perilune grealer Ihan 35.000 leel and an apolune grealer than

100 bul Ie .. Ihan 300 nautical mil... Allhough the LM could perform some.

or alt, of the rendezvous maneuvers if a good attitude reference and burn

monitoring source were available, a CSM active rendezvous is planned.

5.1 RENDEZVOUS SUBSEQUENT TO MANUAL ASCENT FROM THE
LUNAR SURFACE

In most instances, the'docklng initiation (DKJ) rendezvous sequence

docwnented in Reference I' will be used for CSM reScue of the LM aCter

a manual ascent from the lunar surface. This rendezvous sequence, which

is discussed in detail below, re'luires that the CSM perform a phasing

maneuver loilowed by CSJ. CDH, and TPI maT.eCVt>r~. In order to make

the DKI rendezvous sequence conlpatible with any LM inseTti~n orbit. the

tift-off time will be delayed 9 minutes from the nominal lift· off time. The

9·minute slip allows the CSM to delay rescue for approximately one revo

lution for all LM insertion orbits. If lift·ofl were performed at the nom·

inal time and the LM achieved a ~i~imum orbit. a different technique

(i. e., high CSM dwell) would be required because the DKI techniqLle would

result in the violation of perilune constraints. The l:i.V penalty for lifting.

off 9 minutes later than nominal is approximately 50 feet per second. Even

though the DKI technique can be used with any LM insertion orbit, it is

highly desirable for the LM to achieve a minimum apolune of 30 nautical

nliles and a perilune of approximately 10 nautical miles.

..
I 5- I
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In Ih. unlikely evenl thai Ihe In•• rllon OIght'palh angle 10 negallve• •and tho MCC.H e.llmaled hp 10 Ie.. Ihan aboul 10 nautloal mil•• , MCC·II

will volo. up a maneuver 10 be e"eouled al In.erllon plu. 3 mlnule. 10 raloe

perilune a. muoh ao po..lble. II Thlo maneuver 10 10 Insure an aolual hp

grealer Ihan 35,000 feel, II Ihe OIghl·palh angle h po.lllve (ao e"peeted)

and Ihe MCC·H e.tlmaled hp 10 Ie.. Ihan aboul 10 nautloal mile., an

MCC·H oomputed apolune klok maneuver will be performed 10 raloe hp ';IP

to aboul 16 nautloal mile., In Ihe evenl Ihal the MCC·H e.lImaled ha h

Ie.. Ihan 30 nautloal mile., an RCS maneuver al In.erllon will be e"eouled

10 raloe ha up 10 30 naulloal mile.. The.e leohnlque. provide a minImum

LM orbll of 16 by 30 nautloal mile. prior 10 Ihe CSM rende.vou. maneuver

sequence.

The CSM re.oue will be Initiated by a ground oomputed DKI plan.

The CSM will perform the following maneuvers: phaolng (NCII. CSI(NH),

CDH, and TPI. The pha.lng maneuver (NCII will be perIormed approxi

matelyone revolution after Insertlon to establish the pr9per phasing lor the

NH maneuver point. Any Initial out .. of-plane velocity corrections will

probably be included in the Nel maneuver. The second maneuver (NHJ.

e.labllshes Ihe proper phaolng and difCerenliol allltude oonditlons Cor Ihe

eDH maneuver point and, depending upon the LM apolune altitude, will be

e"eouted ellher lIz, I-liz, or Z-I/Z revolullons oCter NCI. Tho I-lIz
revolution timeline will be applicable in most cases as it will be used {or

the most likely LM apolune altitudes of 100 to 300 nautit'al miles. The

l/Z revolution timeline will be applicable for minimum insertion orbits

(LM apolune less than approximately 30 nautical miles) because the I-liz
revolution timeline would require an unsafe CsM orbit. For extremely high

LM apolune altitudes, the z-l/z revolution timeline might be used as it

results in lower AV requirements. The CDH maneuver, performed lIz
period after CSI. is designed to place the CSM into an orbit which is

:l=MCC_H will nominally use the po~ered flight processor (Lear Filter)
estimate of orbital parameters.

**The nominal insertion altitude is 60,000 'feet, and an overburn insertion
will not occur much higher; thus, the hp raising maneuver will be limited
by that altitude.

5-Z 1
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coelliptic with lhe LM orbit with a <on.lanl della helghl belween lhe lwo

orbit.. The TPI maneuver, which It perCormed near lhe mldpolnl oC dark

ne .. (approxlmalely 35 10 -tV mlnule. aller CDH), It designed 10 place lhe

CSM On a traJeclory lhalwlllintercepilhe LM orbll aCler IJO degrees.

The IIne-oC-slght braking· may be performed by either lhe LM or CSM.

Table 5-1 pre ..nls the required LM and CSM maneuve.. 10 Insure thai lhe

planned CSM doc~dng Inlliallon (DKI) rendezvous .equence can be

performed.

5.2 RENDEZVOUS FOR MANUAL TAKEOVER DURING POWERED
ASCENT .

Wllh a nominal IIft-oCC lime, a manuallakeover during ascenl could

make It Impossible 10 u.e lhe DKI rendezvous .equence discussed In

Secllon 5.1. If lhe resultant LM apolune allltude were less lhan approxl

metely 15 naullcal ",!lIes, lhe DKI .equence could not be used wllhoul vio.

lallng perilune conslralnts. For lhls case, a special CSM high-dwell

rendezvous sequence would be used Cor rescue. This technique is dacu·

menled In ReCerence II and reqUires Ihat Ihe CSM dwell high enough Cor Ihe

LM 10 calch up almosl a complele 360 degrees In Ihe opposite phasing

() direction. The maneuvers required for this type ot rendezvous are pre

sented in Table 5-2.

For LM apolune altitudes greater than approximately 75 nautical

nliles, CSM rescue will be accomplished with the DKI rendezvous sequence.

5.3 RENDEZVOUS FOR MANUAL DESCENT ABORTS

Depending upon the orbit achieved subsequent to a m~nual descent

abort. lour different rendezvous techniq~es will be considered for the CSM

rescue. These techniques are docum.ented in Re!eren"ces II and 12 and are

swnrnarized in Table 5-2. Depending upon the LM orbit parameters, a

real-time decision will be made to select the technique that results in an

effective, safe. rendezvous sequence. If it is determined that waiting one

revolution after the manual LM insertion will not degrade the situation and

will permit better LM orbit determination, the DKI rendezvous sequence

discussed previously will be used.

(,
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Table 5-1 .. LM and CSM DK! RendezYQus Maneuvers

j

~....

LM

If hp <10 n mi and 'V <0,

perform RCS burn at cutof'£+3 minutes

If h p <10 n mi and 'V >0,

perform ReS burn at aplt,)lune to raise perilune
to 16 nmi

If ha <30 n mi,

perform ReS burn to raise apolune to 30 n mi

c
--------- .-

CSM

Phasing .(NCt): perfo~edapproximately one
revolution after maertioD.

CSI (NH): Performed 1/1.. 1-1/Z. o:r 1.-1/1. .
revolution. after -NC1

CDH: pe:rfonned 1/1. :revolutiOn aite:r CSI

TPI: perfonned near midpoint of ckrknesa
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Table.S"'Z. Summary of CSM Active (Rescue) Rendezvous Sequences tor Manual Ascent

'"•
'"

Mi ....o ..
lnu.Re

Continj{ency
Dwell

Manua,l
Aacf'nt

Applicahility

Unde...peed. Collowing
IT\olInWl1 d••cent abort.
(LM high 4Inough Col'
CSM to Come down)

Manual abort. (rom
de.cent! .uccea.Cul
in.ertion

Und....peed. followi.ng
d.",cent abort. (eSM
cannot COrntf dowro)

Followinlt L.M IT\olInua,1
a.cent {rom thu lunar
• \II'(a(e or (or certAin
R'Iilnual de.cent aborta

a R••cu_2 rnane-u_r

• CSl t (P3Z1 N • .-., integ.r d.P.nd_t on LM
abort I1V. s.e Tabl. J)

• CS11 - nominal 0 Cpa (P3Z: Nt • Nt 1-2.
N

i
U) - •

• CS1. nominal 0 Cpa (P32 nominal ca_: N • 1)

• CDH {PH}

• TPI 'P)4)

• Re.eu., (rom Z. r.y .equenc. HAM/CSIJ
CDH/'l'PI

• R••cue from 1.r.,.y • .,.quence CSIlCJ)HI
TPI

• Pha.ing (MCc-H. PJO~

• Pha.lnRi.. nominal 0 ip. 'MeC-H. PJO)

• C5I (P32)

• CDH (PHI

• 'l'PI (Pl.)

• Pha.ing (MCC-H. P';;O)

• Fha.lngi - nominal 0 (ps (MCG-H. PJO)

• CSI (PlZ)

• CDH (PH)

• TPI (P)4)

• At laagitud. of C5M cm.C

• At orbit perU_

• Each ..- att.r CSl I

• lIZ ti_~~ (N .2)..ad CDH

• R••ult 01 PlZ COfI'IIN'aU
• 1,f, mi.. bef_ .....n-

• pt)1 +,f,' mift

• 0- -. elter p-..-. ......iRc
• At ...... loncttud. _ pha.iftI~

• a._u!t ot P1.Z~~
• 16 mill prior to -n-

• 0- _ att:.r t_.rtioft

• 0- ..- att.r p-.iolle ph&e....

• tl2. 1-1/2. o.2-I/2 __ .after
phaa;taa d.,...... en LM oftlt

• Ba-.d _ orbit after C5l

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