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FOREWORD

This Manual Ascent Mlesion Techniques Document is ene of
several documents describing the H-2 Miasion (Apollo I3) The
others a.re as l’ollc)wr

L

¢

- Launch- Aborta ‘

Earth Parking Orbit and Translunar
Injectlon

-Translunar Mldcouue Correctlons and

Lunar Orblt Inaertlon
Lunar Dascgnt )

Abort from Lunar Powered Descent and
Subsuquent Rendezvous

Lunar Surface Activities
Powered Ascent
Lunar Orbit Activities

Transearth Injection, Mideourse
Corrections, and Entry

Tracking Data Selection Controllers
Procedures

Contlngency Procedures

These documents contain the offictally appreved guldance and
control sequonce of avents, the dals flow, and real-tiie declalon
loglc for the Ha2 mission, The purpose of these documents ls to
insure cempatibillty of all related MSC and supporting contractor

activities,

Foreach mission phase, a Data Priorlly Working Group has
been established under the directlonof Chief, Apolle Data Prlorlty
Coordlnatlon, ASPO, Thede groups, which are comprised of rep-
resentatives of MSC and suppott ¢antractors, hold frequent meets




FOREWORD (Gontinucd)

irgs to coorﬂinate thelr vaflou_s associated activities and develop :.—)
1greed-upon mission techniquea, TRW assists {nthedevelopment
ofthe technlques and documents them for ASPO, After formal re-
view by ASPO, E4DD, FCOD, FOD, GAGC, MDC, MIT, NR, and
TRW, a dozument such as this one is isasued,

This is the final lssue of the Manual Ascent Techniques Doc-
ument, The mission dependent data limita and trajectory param-
eler values are applicable to the H-2 mission; the sequence of .
| events, data flow and declsion logle are applicable to the H-2 and
: subsequent Apollo missions,
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ACA
ACC

AEA

AGS
AOT
APS

AT
ATGA
AUTO

CES
CMD
CbH
Cbu

cst
C5M
DAP
DEDA

DKI
" brs
DSKY

EPS
FbAL

OASTA
OYR

" NOMENCGLATURE

attitude controller assembly
accelerometer

abort electronice assembly
abort guidance system
alignment optical telescope
ascent propulsion system
abort sensor assémbly

P57 alignmeént technique

attitude and translation control u'nembly‘

automatie

control elecironics section
lunar module commander
concentric delta helght
coupling data unit

coelliptic sequence Inftiation
command service module
digital autopilot

data entry and display assembly
docking initatlon

descent propulslon aystem
display and keyboard
electrical power systém

flight director attitude indicator

gimbal angles sequence transformation assembly

gyro

¢
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ICDU
MU
LEMMASS
LGC
LM
LMP
MCC-H
MSC

N

n mi
P12
psi
ps2
ps?
DI
PONGCS
PFD
PSA
RO)
RCS
ROA

NOMENCLATURE {Continued)

altitude

altitude of perilune

altitude of perilune

height adjust maneuver

inertial subsystem coupling data unit
inertial measurement unit

LGG's value of lunar module mass
tunar module guidance computer
lunar module

lunar module pilot

Mission Control Center « Houston
Manned Spacecraft Center

number of apsidal crosaing
nauttcal mile

Ascent Program

IMU Orlentatlon Determination Program

IMU Reallgnment Program

LGGC Lunar Surface Allgnment Program

powered descent inltfation

LM primary guldance, navigation, and control system

powered flight processor
power and servo assembly
DAP data load routine
réaction control system

tale gyro assembly
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TPF
TIG
va
AY

VIT

wte
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rendezvous radar

touchdown

terminal phase initiation

terminal phase final

time of ignition

velocity to be galned (VOX e X -axis cdmponenl)

velocity impulse required to achieve 35, 000-foot perilune
altitude (computed at MCC-H during lunar ascent}

variable insertion targeting
out-of-plane velocity

fiight- path angle
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1. INTRODUCTION

The guldance and navigation sequence of events which must be
performed for a powered ascent using either a manual technique or
degraded guidance system are presented in this document. The recom-
mended procedures are pfeseﬁted in chronological sequence and are
preceded by a description of the rationale involved.

The nominal mission techniques for powered descent are presented
in the lunar descent document {Reference 1), and the techniques for the
perlod just preceding the lunar ascent are described in the lunar surface
document {Reference 2}, The nominal mission techniques for lunar ascent
are presented in the powered ascent document {(Reference 3), and the tech-
nilques for the period following insertion are described in the lunar orbit

activities document {Reference 4),
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2. DISCUSSION OF THE MANUAL ASCENT PROBLEM

Manual ascent from the lunar surface or from an aborted powered
descent would be necessary in the event of a double fallure that disabled
automatic guldance steering in both PGNCS and AGS, While the probability
of any specific pair of failures occuring is extremely small, there are
many combinations of double fallures {(Table 2-1) which would disable both
PGNCS and AGS automatic steering, This is especially true for ascent
since the current H-2 mission rules do not require AGS to be functional
after high gate, *

It is generally agreed that

* Given a rate command attitude control system, the crew
should be able to guide the LM iInto orbit quite satisfac-
torily using the lowest priority atiitude reference (hori-
zon viewed 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,

* Both the AGS/CES and the PGNCS 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 system
virtually eliminates the use of that guidance system for
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 §yst'em 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).

2-1
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Table 2-1, Malfunction Matrix

2 L)
13 Equipment ATCA ALA ACA 4l ASA DEDA_* 0
{Guidance ailed 2BV Logic H VY5V 405
Conteol} Function Los BOO- | 15¥ DG |Select ! AT CHO MR PIR|Y | Gyr | Ao IMPI2AVDG | 28 A k]
- Ruto X X X r |x x| x F e x X
Hd Rate Command W/ALL, Mold X X X X X X Xxjxl x X
s CES_Rate Command ] X X X x_§x Ixixix X
3w direct i XX A
- Emergency Direct (hardover) X|x X
=2 Pulse X X X X {X L3 X
. Attitude Indicator (Beball) x x| X| X |00 only [1wp omy [x0- txEe
Error Nesdlas X X X X 1 x4x PGNCS only|AGS only
Rite Needles X X X[R{X
RCS Primary Calls SYS A only[ S5 O only
RCS Sm:ondal;y Coils 8 X
APS Auto Of X X X X X
ross Feed X
APS Feed 41 only |42 only
R : X i
Tapemeter X n
Cross Pointer O only [1MP only
PGNCS Equipmant L5 ) GASTA FpA 7. PsA_| 160U £rs
(Guidance Failed Gyr | Acg ‘ﬁﬁn [E L ] NP
Control) Function Los 28VOC __ |Jm vbC
= Auto - X X X X X X X
- - Rdﬁ_ﬂgﬂand W/ALt, Hold X X X X £ X X X
o538 rgency Direct [hardover) X[ X X
“YE  Minimum lepulse X X X X
Attitude Indicator (8=ba)l) X PGNCS only | X | X x Q0 only [Lwe omly | x| 36
Error Needles X X X PGNCS Only|AGS only
Rate Nesdles
RCS Primary CoiYs X 3Y3 A only 5V T only
RLS Secondary Loils X :
APS _Auto Off X X
RCS Cross Feed X
APS Feed "only [#2only
RR A X X
Tapemeter X X
Cross Pointer OO0 only |4 only
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Notes for Table 2.4, -
ll

2,

4,

5.
6.
7 .

X-acceleronieter fallure disables AGS auto attitude control and error
needles completely, Y« or Z-accelerometer failure disables auto
control and error needle in the axis of dieabled accelerometer only,

Failure of rate gyro disables auto, CES rate command, rate command
with attitude hold, and error needle in axis of disabled gyro only.

DSKY failure can be circumvented by uulng ground upllnk to PGNCS.,

DEDA failure will cause function to be disabled only if function input
has not been entered prior to DEDA fallure, )

Loss of CMD eight-ball only and GASTA
Lose of LMP eight-ball and AEA attitude reference signals

A failure of CMD or LMP ACA effects only the manual attitude control
capability of the astronaut whose ACA is disabled,

APS Auto Off disabled by X-accelerometer failure only’

z-3




Tablo 2.2, Attitude Control and Display Modes

Priority ef Control Modes

PGNCS automatic
AGS automatic

PGNCS rate command/attitude hold
AGS rate command/attitude hold

CES rate command

Direct {two-jet with ACA breakout switches)
Hardover (four-jet direct with ACA hardstop switches)

Priority of Attitude Displays

PGNCS error needles {computed steering commands)

AGS error nezdles {computed steering commands)

PGNCS total attitude
FDALI pitch profile

{FDAI eight-ball) - four-step or 30-second increment

AGS total attitude (FDA! eight-ball) - four- step or 3%-second increment

FDAI pitch profile

Horizon viewed out the vnndow = four-step horizon pitch profile,

2.4
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dince It is thought that they lack sufficlent control momentum to overcome
ascent engine distrubance torques,

I automa.ﬂc steering control {s not available, the highest priority
display mode available (Table 2-2) will be used In conjunction with either
the four-step angle-time method or the 30-second increment angle-time
method of performing orbit insertion. A typical feur- atep pltch profile
using horfzon angles (as viewed through the overhead window) is presented
in Table 2-3 for manual ascent from the lunar surface. The horizon angles
and corresponding FDAI angles for the four-step pitch profile are docu-
mented in Reference 6. The horizon and FDAI angles for the 30- recond
increment angle technique are documented in Reference 7 and summarized
in Table 2-4. The loﬁ'est priority combination of control modes and atti-
tude reference (CES rate command/horizon angle) that will prov:de a high
probability of attalning a safe orbit is discussed in Section 3. 2,

The following combinations of system failure modes are considered

in this document;
¢ Failed AGS and failed PGNCS accelerometer
o Failed AGS and failed LGC .
¢ Failed PGNCS and failed AGS X-axis accelerometer
® Faited PGNCS and failed AGS Z-axis accelerometer
¢ Failed PGNCS and failed AGS Y-axis accelerometer
® Failed PGﬁCS and failed CES ra.té gYyro.

The éontingencj' 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 used to reduce the number
of attitude commands given to the responsive, light ascent stage. With
any other attitude control mode and with a good IMU alignment and FDAI,
the 30-second increment angles will probably be used for manual insertion.

2.1 GROUND MONITORING DURING MANUAL ASCENT

In the event of manual steering during ascent, the ground will mon-
itor the LM's performance and advise the crew of necessary corrective
attitude maneuvers. Out-of-plane velocity errors are displayed as Y on

2-5
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Table 2-3. Typical Manual Ascent Steering Techniques (Four-Step

Pitch Profite Using Horizon Angles)¥

Time

{minssec)
0:00

0:15

1:26

5:24

6:30

7:22

Lift-off « vertical rise

Yaw to proper azimuth heading

Initiate pitch to first horizon ang'e {37 degrees) viewed
through overhead window

Use vehicle shadow or preselected landmark for roll
attitude

Use horizon line for yaw attitude

Use ACA to hold horizon line attitude

Initiate ;ﬁtch to second horizon angle {32 degrees)
viewed through overhead window

Use landmark for roll attitude

Use horizon line for yaw attitude

Use ACA to hold horizon line attitude

Initiate pitch to third horizon angle (25 degrees) viewed
through overhead window

Use landmark for roll atiitude

Use horizon line for yaw attitude

Use ACA to hold horizon line attitude

Initiate pitch to final horizon angle (11 degrees) viewed
through overhead window

Use landmark for roll attitude

Use horizon line for yaw attitude

Use ACA to hold horizon line attitude

Close RCS interconnect

Maintain horizon attitude until fuel depletion or until
MCC-H indicates AVS =0

*
Angles do not include correction for APS engine cant.

2-6
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Table 2-4, Crew Checklist Horlzon and FDAJ Angles for
Ascent Monltoring (30-Second Pitch Profile)

¥DAl
Angles

-Adeg)

308
305
302
299
296
292
289
285
281
271
273
269
264
259
258

Horizo’p Time from
Angle Ignition
{deg) (minisec)

-0;05

0:00

0:10

39 0:30
8 §:00
35 1:30
13 2:00
k3 | 2:30
29 3:00
26 3:30
24 4:00
21 4:;30
19 5:00
16 5:30
13 6:00
10 6:30
7 7:00

6 7:10

% : ' ‘ S
Yiewed from everhead window with no yaw maneuver,




Table 2=5. Summary of Manual Ascent Procedures
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the lunar Descent/Ascent Digitals Display {MSK 0084), MCC-H will rees
commend attitude changes (rolt) in increments of 2 degrees If ¥ becomea

larger than approxtmately 50 feet per second, In addition to out-of-plane
error monitoring, MCC-H will be monitoring the analog displays of flight-
path angle versus velocity, altitude versus range-to-go, and altitude ver-
sus altitude rate, About 3-§/2 to 4 minutes after lift-off, the crev will be
advised of any pitch adjustments (in 2-degree increments) needed to Insure

a safe insertioh.

Preuntly, a ground-controlled insertion (GCl) technique is being
developed by FCD and MPAD for manual asceats from the lunar surface or
for ascents from a powered descent abort. As documented in Reference 8,
the GCI technique is basically a closed loop system which attempts to dup-
licate the PGNCS variable insertion targeting (VIT) and involves the LM,
RTCC, Flight Controllers, and astronauts. The flight controllers monitor
a display of LM altitude rate (R) versus altitude and give the astronauts

o

»

attitude commands to cause k to approach the maximum value (Vma
and the cutoff value H uto “) at 1/2 TGO and TGO=0, respectively,

For manual ascents from the lunar surface, TGO would be equal to
the nominal ascent burn times. Faor descent aborts, TGO would be esti-
mated as the time elapsed bstween EDI 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
hor:zon was visible at the lower edge of the overhead window, After the
aatronauts confirmed vatllsltlon of the horizon, a pitch maneuver of
approximately (30[Tab° t) ‘ degrees would be commanded by the ground,
Thereafter. the flight controllers would issue attitude changes in 5- o

max I?Y abort .
shutdown would be commanded when the desired h and ine rtial velocity

[0-degree increments in order to achieve H f2. Engme

had been achieved.

Hmaxv chgoﬂ'. and the desired inerifal velocity at insertion will be
determined from ground charts.

**T bort is the ¢lasped time between PDI and the abort in minutes.
abor
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For deacent aborts accuring aftor approsximately PD! + 4, a period
of vertical risc would be commanded until tho flight controller insured that )
h was po;i!iim. The astronaut_\l.ifould then be Informed to pitch until the «I
horizoa was acquired In the lower cdge of the overhead window and to stand
by for ‘nrther commands, Subsequent changes In attitude would be velced
to the astronaut to achieve the desirable h and VI at insertion, *

At the present time, the GCi techalque 1s not compaiible wi.\1 the
four-step or 30-second Increment pitch profile. Thus, If ascent were ini- T
tiated with the GCI technique and ground communications were lost, these !
other manual techniques could not be used, To allgviate this disadvantage, -
it Is anticipated that onboard charts will be developed to enable the astro-

naut to continue manual ascent if ground communications were lost,
Another difficulty with the GCI technique is that the yaw maneuver, which

must be periarmed to insure communications, adirerseljr affects the astro- )
nauts ability to use the horizon as an attitude reference, A technique which
consists of performing 2 roll maneuver with each ground-commanded 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 tke current four-step and 30-second increment angle-time

methods.
2,2 APS CUTOFF FOR MANUAL ASCENT

In the case of rnanual ascent, the APS will be run until MCC-H calls
AVS
perilune altitude with the current altitude, h, and flight-path angle, y) or

=0 (A\'S is the velocity impulse required to achieve 2 35,000 foot

until fuel depletion, if it occurs earlier, AVS = 0 cutoff will protect .
against an apolune greater than 300 nautical miles if the altitude at inser-
tion is greater than 35,000 feet and the flight-path angle is approximately

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

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

available,
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2.3 MANUAL ABORTS FROM POWERED DESCENT

A manual descent abort would probably require the crew to control
vehicle attitude by means of CES rate command or direct attitude control
with the horlzon viewed through the forward window as an attitude refer-
ence. Horizon and FDAI pitch profiles for aborta using the APS or DPFS
DPS/AFS have been developed in Reference 9*. Figure 2-{ shows the
pitch angle-time history for a manual abort from powered descent using
the APS engine and the horizon as viewed through the docking window. The
chart is subdivided into three abort zones:

* Zone I - full throttle position PDI + 26 seconds) to PDI + 2
minutes

* Zone lI - PDI # 2 minutes to PDI + 10 minutes
¢ Zone lI - PD! # 10 minutes to touchdown,

The first 26 seconds of powered descent are not considered for
aborts as the LM perilune remains above 30, 000 feet {safe orbit) during
this period.

As illustrated on the right side of Figure 2-1, manual insertion is
accomplished in abort Zone I by burning at a constant attitude angle, Angle
1 (8 l)' for duration Time . Time f includes the time necessary to exe-
cute the pitch maneuver from the abort initiation attitude to Angle I.
There it no vertical rise period in abort Zone 1.

For Zone Il, a vert:cal rise phase of 20 seconds is included as part
of Time 1. 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 {§ l) and
remains there for the remainder of Time |. "Subsequently, a pitch attitude
of Angle 2 (92) is maintained for the period Time 2. Time 2 includes the
time necessary to pitch from Angle 1 to Angle 2.

" Apollo 1t profiles
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. Since the altitude at abort {nitiation in Zone 111 will be less than
1600 feet, the pitch profile for insertion will be the same as the one for a
manual ascent from the lunar surface (Table 2-3),

The charte documented In Reference 9 will be available at MCC-H
for a manual descent abort, Depending upon crew preference, the data on
theae charts can be made avallable n the form of cue cards for onboard
use. These cue cards would provide aprropriate burn attitudes and burn
durations based on the time of abort and the highest priority attitude ref.
erence system available,

2.4 MANUAL TAKEOVER DURING POWERED ASCENT

It is unlikely that both PANCS and AGS would fafl during ascent;
therefore, a manual takeover during ascent would probably result froma
single nyltem fallure during ascent subsequent to a failure tn the other
system prior (o lift-off. Following discovery of the first system fallure,
the erew will configure the falled system 8o as to best utilize {t for backup
s the évent of a second system failure during ascent, fn all fatlure cases,
the 30« second Increment horizon angles from the checkilst will be available
for attituda reference {Table 2. 4),




3. ASCENT WITH DEGRADED PGNCS AND FAILED AGS

The following procedure will be used if the AGS has failed and the
PGNCS s degraded. Section 3.1 presents the recommended procedures
to be used when a PGNCS accelerometer has falled. Section 3.2 presents
the recommended pre.edures to be used when the LGC has failed. A
PONGS gyro fallure will necessitata the use of the horizon as the attitude
reference and emergency direct (hardover) as the control mede.

3.1 PONCS ACCELEROMETERS FAILED
3. 1.1 Attitude Display and Control Modes

The general effect of an accelerometer fallure is to preclude mea-
surement of LM veloclty change in that axia. Since the ziroing of the
scale factor of a PUONCS accelerometer is not possible, the degraded
accelerometer cannot be 1solated from the system} consequently, auto-
matic guidance steering using accelerometer ocutputs will not be per-
formed, The highest priority control mode avallabla (Table 2:2) 1s PONCS
rate command/attitude hold, The attitude display mode of highest priority
(Table 2-2) {8 IMU total attitude as Indicated en an FDAIL,

3.4.2 1MU Allpiinent

Since the IMU gyros and LAG are functloning properly, the inertlal
platform can be aligned to a preferred attitude, This can be accomplished
by using alignment techntque 2 {iwo star) to the standard Hft-off
REFSMMAT (option 4, landing site). Oravity alignments (technlque 1 or
3) must not be used, The alignment can be accomplished enboard without
MCC-H asslstance, and the 30.second Increment angles from the crew
cheeklist can be used for a manual steering reference dutlng ascent,

3. 03 LAC Procedures

Although auloniatle guidance sleering Ls not available, the ascent
program (P12) will be entered prior to lift-off, P2 automatically selects ,
the f-degree atiitude control deadband and the four«fet tranalation. In !
addition, selection 6f P12 1s part of the nominal ascent procedures. The i
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output of the failed accelerometer may cause the LGG's value of the LM's
mass {LEMMASS) to be decremented erroneously. Therefore, in order
to insure attitude control stability, the mininmum value of LEMMASS
{2200 kg) will be entered in the LGC prior to lift-off.

3.1.4 Ascent Procedures

TIG - 45 miin Perform a technique 2 (two star) align-
ment to the standard lift-off REFSMMAT

{landing site).

MCC-H uplinks state vectors as usuat,

TiG = 30 min Load initial value of LEMMASS {n the
LGG via R0 to be equal to {ts lower
1imit.

TIGQ « 15 min Flight program 1s Pl2

CGuldance control switch « PANCS
Mode control switch « HOLD
Attitude control switches - MODE

Nominal RCS interconnect procedures

Tia Arm APS. ‘
Push ABORT STAQE
Push START

Fly manual ascent using the 30-second
Inerement FDAI pitch profile from the
crew checklist,

TIO + 621 /2 min Close RCS Interconnect,

Fly to fuel depletion or until MCC.H
indicates AVS e 0,

3.2 LOC FAILURE (CES RATE COMMAND/HORIZON REFERENCE)
3.2 Attttude Display and Control Modes

. An LAC fallure will disable the DAP and cause loss of IMU aligament
capabllity using routines BP3f, P52, and P47, The IMU, however, 1 still
functional, and, i1t 1s or can be aligned to the preferred lift-off orlentas
tton, 1t will be avallable as the highest ptiority attitude reference, I the
above Is not the caee, the attitude reference will be the horlzon viewed out

the window,
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The PGNCS control modes available are direct and hardover; how-
ever, GES rate command will be used If 1t {8 available. The ascent pro-
cedurea (Sect.lon 3.2.3) assume thai the manual control mode Is CES rate
command,

In the case where the nature of fallures s undetermined or in the
case of specific double failures (PONCS falled and AEA failed, etc.), the
procedures deacribed In this section for undesirable iMU orientation are
applicable, In other wérds, CES rate command (or direct) with the horizon
viewed out the window as the attitude reference will he used.

3,2.2 IMU Aligriment

I the IMU was aligned to Mft-off orlentation prior to LGC failure and
shortly before lift-off, data from twn AOT star sightings and FDAl angles
voiced to MGG «H rﬁai,- be us ed to check the alignment accuracy for ft-off
(case 1) 1f, however, the IMU was not aligned to lift-off orientation prior
to LGG fallure, the star sighting data and FDAL angles may be used to
determine if a body axis align will provide IMU aligament sufficiently close
to Mft-off orlentation (case 2). In either case | or case 2, MCC-H will
! recommend that the erew use the four-step FDAI pitch profile or the
‘ 30-aecond angle Increments on the erew checklist if the dealred Hftsoff
IMU orientation can be achieved, 1f the IMU cannot be placed in a desir.
able orientation, the crew will use the horlzon viewed out the window as an
attitude reference,

3.2,) Ascent Procedures

TIO » 80 min Crew performs two star sightings and
vofced the data to MCG:H,

Grew reads the present FDAI angles to
the ground,

' MCG:H computes the LM body axis
ottentation and present IMU orlentation,

TiO « 30 min Ceew cages the IMU to bedy axes if
recommended by MCCsH,
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TIG

TIQ ¢ 624/2 min

AEA power off

Guldance control switch - AGS
Mode contrel switch -« HOLD
Attitude control switch - MODE

Select four-jet translation.
Nominal RCS Interconnect procedures

Arm APS N
Push ABORT STAGE
Push START

Fly manual ascent using the four-step or
J0ssecond Increment FDAI pitch profile

{desirable IMU orlentation) or horlzon
reference (undesirable IMU orientatlion),

Close RCS Interconnect,

Fly to fuel depletion or until MCG-H
indicates AVS s 0,

3.4




4, ASCENT WITH A DEGRADED AGS AND FAILED PGNCS

The general effect of an AGS accelerometer failure is to disable
measurement of velocity changes in that vehicle axis only, The AEA can
be made to 1gnore any spurfous output from the failed accelerometer by
setting that accelerometer's acale factor conatant in the AEA to zero. It
should be noted that this could not be accomplished In the case of a mal-
functionlng PGNCS accelerometer,

4.1 AGS X-AXIS ACCELEROMETER FAILED
4, 1.1 Attitude Display and Control Modes

When an X-axis accelerometer falls, the automatic ascént guidance
program is dlsabled since the major component of engine thrust {s not
measured, The AGS capability to measure vehicle attitude Is not affected;
consequently, the AGS FDAL attitude display and the AGS rate command/
attitude hold control modes are avallable and have the highest priority,

4,1, 2 AGS Alfgnnient

The AGS X-axis accelerometer {s not used by AGS, lunar allgnj there-
fore, nominal AGS allgnment procedures will be used to prepare for 1ift-
off, The AGS lunar allgn uses a gravity vector measured by the Y. and
Z-axis accelerometers for vertleal erection, One AOT star slghting ia
performed, and the data are volced to the ground, MUC-H processes these
slghting data and voices to ihe crew the new azimuth data which are man-
ually toaded via the DEDA, 1f an AGS gyro calibration is performed, it
must be preceded by an AGS lunar align,

4,13 AGS Entrles to Prejare for Liftsoff

In addition to performing the standard DEDA entrles which 16ad AGS
arimuth and call AUS lunar align, the crew w1l manualiy 1ad the LM ard
CsM ﬂate vector data voleed up from MCC-H, Lunar align will be exited
by the nonstandard DEDA entry of 400 4 00000 which calls the atiitude hold
control mode,
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4. 1.4 Ascent Procedurea

TIG -« 60 min

TIO » 30 min

TIG « 2 min

TiG

THO + 6§72 miIn

fCrew performs one AOT sighting and
volces data to MCC-H

*Crew selects AGS tunar align (400 ¢
40000) followed by AGS gyro calibration
(400 4 £0000), These routines require
3 and 5 ninutes, respectively,

**Mcc-H computes and volees o the

crew the following azimuth data for DEDA

inputs
sin &L {address 047)
cos 6L {address (53)

**Crew selects AGS lunar align (400 4
40000)

*MCC-H volces LM and CSM state vec-
tors to the crew for DEDA Input,
(16 entries)

”Nomlnal RCS interconnect proceduras

Guldance control switeh « AGS
Meode control switeh - HOLD
Attitude control switches {three) -
MODE

Exlit lunar align and enable attitude hold
{400 + 060000)

Arm ADPS
Push ABORT STAGE
Push START

Fly manual ascent using the foursstep or
10.second increment FDAL pltch protlle
from the ¢rew checkliat,

Close RCS interconnect,

Fnl(r to fuel depletion or until MCC+H
indicates Vg 2 0,

*Standard procedure for bad PGNCS, good AGS
i **standard procedute for nominal countdown
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4.2 AGS Z-AXIS ACCELEROMETER FAILED
4. 2.1 Atiitude Display and Control Modes

The failure of an AGS Z-axis accelerometer does not disable the AGS®
automatic mode since the malfunctioning accelerometer can be polnted out
of the maneuver plane and the AEA Instructed to lgrlére {ts output, Even
though it ie not possible to perform an AUS lunar align, the AGS LM state
vectors can be adjusted by MCC«H ta Le compatible with the allgnment
obtained, The AGS automatic mode of guldance control may, therefore, be
used in all three axes, The LM will te asceﬁding in an unusual attitude {on
its side); thorefore, system monltoring must be performed by the ground,
Horizon angles can be used for attitude reference by yawing {n-plane in the
event of A manual takeovar,

4.2.2 AGS Allgnment

Since the lunar align mode cannot be used with a falled Y- or Z-axis
accelerometer. the AGS must be aligned by performing a body axis align
(400 + 50000). This DEDA entry seta the AGS direction coslnes to the
{dentity matrix and 1s exited (that {s, the AGS goes Inertial} with the next
entry Inlo tocation 400. The DEDA entry 400 + 10000 must be performed
by the crew at the time requested by MCC«H, or the LM and CSM state
vectors which have previously been entered will be inaceurate.

4.2.3 AQS Entries to Prepare for Liftsoff

Since the Z=axis accelerometer output {8 unreliable, its output will
be zeroed by a DEDA entry of 536 + 05000, The APS engine {s canted
1.1/2 degrees loward the body Z-axis, Since the Z-axis accelerometer
output has been zeroed, this thrust component will not be measured.
Thetrelore, tn order to compensate for this component of thrust acceleras
tion, a pseudosblas (equal to the average body Z-axis thrust acceleration
during ucenu will be introduced by a DEDA entry of 842 + 00366
(0. 366 uhec ) This technigue 1s deseribed tn Reference 10,

The automatic reorientatton of the body Z-axis out of the mAneuver
plane can be accomplished by first inserting the desired vector coniponents
Wy Wh » and W and then entering S-baud steering (623 + 10000), I
this procedure is followed, the body X-axls would be orlented atong the
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VG vector and the body Z-axis would be oriented by nulling the dot product
between body Z-axis and the W, vector.

At the present time, MCC-H has no capability for compuling the _ﬂh
vector. The easiest method for obtaining this vector is, therefore, to
read out the unit vector normal to the C5M orbit plane (W _) and convert it
to the desired quantity by rotating It 90 degrees about the Inertial X-axis
and then 180 degrees about Inertial Y-axts, This must be done after the
AGS {8 initialized with the CSM ataté vector. The operations which must
be performed are summarized In Table 4-1 (Reference 10).

The C3M and LM state vectora will be volced to the crew from
MCG-H and munually loaded via DEDA. The LM state vectors on the crew
checklist must not be used since they are not referenced to a body axls

alignment.

AGS guidance steering will be enabled with the normal erﬂry of
400 + 10000. The crew will enter the targeting parameters (altitude rate,
altitude, upper limit of semimajor axls, lower limit of semimajor axis)
into DEDA addresses 465, 232, 226, 225, respectively,

Table 4-1, Procedure for Oénerating _W_b Yector

Step No, Opetation
1 Read out via DEDA locatton 054, W“. {n octal.
2 Compute the octal complement, change the sign,
and enter {nto location 814, wbx.
k] Read out via DEDA location 058, Wé‘ » In octal.

Compute the octal complement, change the algn,
and enter into loeatlon 516, Wi,

L Read out via DEDA lo'callon 086, Wu' in oetal,
Enter this value into location 515, Wby.
1 Enter via DEDA 623 ¢ 10000,
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4.2.4 Ascent Procedures

TIG - 60 min

TIO = 30 min

1+ 2 min

TIO

Crew performs two AOT sightings and
volces the sighkting data to MCC-H.

Crew loads Z-axis accelerometer pseudo
blas (542 + 00366) and 2zeroes scale fac-
tor (536 + 00000).

Crew loads targeting parameters from
checklist into DEDA addresses 465, 232,
225, and 226.

MCC-H computes LM body attitude in
Inertial space.

MCC-H computes and volces to the crew
the CSM and LM state vectors compatible
with a body axis alignment. The crew
loads these values using the standard
checklist format (16 entries).

Crew performa body axls alignment
(400 + 50000)

CGuldance eontrol swiich « AQS
Mode control awiteh « AUTO
Attitude control switches {three) - MODE

Use nominal RCS interconnect procedure

Crew reads W_ vector (054, 055, 056)
and volees 1{ 65 MCC-H

Crew loads W w Wy, voleed from
MGC-H in DEBX adidlessdf 514, 515,
and 516, respectively.

Crew enters 623 + 10000 to arm W, tar.
geting of yaw maneuver.

Crew selects ascent program
{410 + 00000)

Grew enables gutdance steering
(400 ¢+ 10090)

Arm s APS
Push » ABORT STAGE
Push « START

Fly the AUTO mode to orbit with auto
APS shutdown. Use the nomlinal RCS
interconnect procedures,
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4.3 AGS Y-AXIS ACCELEROMETER FAILED
4.3.1 Attitude Display and Control Modes J

The effects of a broken Y-axis accelerometer on AGS control and
attitude displays is the same ae a Z-axie accelerometer. 'The top priority
control mode is AGS AUTO In all three axes. The crew checklist horizon
angles can be used for manual ascent backup,

4.3.2 AGS Alignment .
Since AGS lunar align cannot be ﬁerfdrmed with elther a disabled Y-

or Z-axls accelerometer and PGNCS {e assumed to have previously failed,

an AQS body axis allgn will be performed. The AGS inertial orientation

will be computéd with the procedures described in Section 4. 2, 2.

4,3.3 AGS Entries to Prepare for Lift-off

To prepare AGS for ascent with a broken Y-axis accelerometer, it
will be necessary to make DEDA entries of 535 + 00000 and 841 + 00000 to
zero the scale factor and bias of that accelerometer. The logle bit 5623
will be set by a DEDA entry of 623 + 00000 which causes ascent targeting
to péint the body Y-axis out of the ascent plane.

The CSM and LM state vectors will be voleed to the crew from
MCC+H and manually loaded via DEDA (16 entries). ACS guldance steer-
tng will be enabled with the normal erltry of 400 + 10000, Targetlrig
paranieters must be entered via the DEDA In addresses 465, 232, 225,
and 226,

4, 3.4 Ascent Proéeduru

T10 « 60 min Crew porformis two AOT slghtings and
volcen the alghting data to MCC-H, .

Cerew zeros Yeaxls accelerometer blas
(541 + 00000) and scate factor .
(535 + 00000).

Crew loads targeting parameters from
checklist Into DEDA addresses 465, 232,
225, and 226,

MCC:H computea LM body attitude In
inertial space.
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TIG - 30 min MCC-H computes and volces to the crew
the CSM and LM state vectors compatible
with a body axis alignment. The crew
loads these values using the standard
checklist format (16 entries).

Crew performs body axis alignment
(400 + 50000).

Guldance control switch - AGS
Mode control switch ~ AUTO
Attitude control switches (three) - MODE

Crew enters 623 + 00000 to instruct AGS
to point the Y-axis out of the maneuver
plane.

TIG - 2 min Crew enables guidance steering
(400 + 10000)

TIG Arm APS
Push ABORT STAGE
Push START
Fiy the AUTO mode to orbit with auto
APS shutdown. Use the nominal RCS
interconnect procedures,
4.4 ONE AGS RATE GYRO FAILED

4.4. 1 Attitude Display and Control Modes

The loss of a rate gyro disables AGS automatic contro! in that vehicle
axis. This has been verified by simulation; therefore, the top priority
attitude control system is auto in the unaffected axes and direct in the
disabled axis with the FDAI 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 AGS Alig nment

:Since rate gyros are not required by AGS lunar align, the nominal
AGS alignment procedures will be used to prepare AGS for lift-off. It will
be necessar} 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.




4.4.3 AGS Entries to Prepare for Ascent i

In addition to performing the standard DEDA entries which load the J

AGS azimuth and call AGS lunar align, the crew will manually load the ‘ j

CSM and LM state vector data voiced from MCC-H and the targeting

parameters,

4.4.4 Ascent Procedures

TiG - 60 min *Crew performs one AOT sighting and .

volces data to MCC-H.
*Crew selects AGS Junar align [
(400 + 40000) followed by AGS gyro cal- )
ibration (400 + 60000). These routines
require 3 and 5 minutes, respectively,
Crew loads targeting parameters from

checklist into DEDA addresses 465, 232,
225, and 226,

**MCC-H computes and voices to the
crew the following azimuth data for
DEDA input;

Sin 8y, {address 047)

Cos 6L (address 053)

TIG - 30 min =MCrew selects AGS lunar align
{400 + 40000)

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

tors to the crew for DEDA input.

{16 entries)

Use nominal RCS interconnect procedures

Guidance control switch - AGS

Mode control switch - AUTO

Attitude control switches (two) - MODE
Attitude control switch - DIRECT

TIG - 2 min **Exit lunar align and enable guidance
steering (400 + 10000).

*Standard procedure for bad PGNCS, good AGS
*Standard procedure for nominal countdown
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Arm AP3S
Push ABORT STAGE
Push START

Fl{ manual ascent {n the disabled axls
only (using the four-step FDAI pltch pro-
file or Y0-second tncrement from the
crew checklist If requlired)

Use the nominal RCS interconnect
procedure,

Use automatic APS shutdown,
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5, RENDEZYOUS MANEUVER

In most manual insertion instances, a CSM acllive rendezvous will be
required, With both the PONCS and AGS inoperative, the required attitude
reference and delta velocity displays on the LM probably would not be
avallable, In addition, complications are encountered because the LM
insertion orbit may have an apolune as great as 300 nautical miles and a
. perilune that requires the LM to perform an RCS burn at apolune, The

ground (MCC-H) mbnitoring procedures, discussed in Section 2, §, should
provide a perilune greater than 35.000 feet and an apolune greater than
100 but less than 300 nautical miles, Although the LM could perform some,
or all, 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‘docidng inltiation _(DKI) rendezvous sequence
documented in Reference 11 will be used for CSM rescue of the LM after
a manual ascent from the lunar surface, This rendezvous sequence, which
{ ) is discussed in detail below, requires that the CSM perform a .phasing
maneuver followed by C81, CDH, and TPI marevvers, Inorder to make
the DKI rendezvous sequence compatible with any LM insertion orbit, the
lift-off time will be delayed § minutes from the nominal lift- off time, The
3-minute slip allows the CSM to delay rescue for approximately one revo-
lution for all LM insertion orbits, If lift-off were performed at the nom- !
inal time and the LM achieved a minimum orbit, a different technique
(i.e., high CSM dwell) would be required because the DKI technique would
* result in the violation of perilune constraints, The AV penalty for iifting-
off 9 minutes later than nominal is approximately 50 feat 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

miltes and a perilune of approximately 10 nautical miles.
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In the unlikely event that the insertion flight-path angle is negative
and the MCC-H estimated hp is less than about 10 nautical miles‘. MCG-H
will volce up a mancuver to be exccuted at insortion plus 3 minutes to raise
perilune as much as possible, ** This maneuver is to insure an actual hp
greater than 35,000 feet, If the flight-path angle is positive (as expected)
and the MCC-H estimated hp is less than about 10 nautical miles, an
MCC H computed apolune kick maneuver will be performed to ralse hp up
to about 16 nautical miles, In the event that the MCC-H estimated h, s
less than 30 nautical miles, an RCS maneuver at inaerilon will be executed
to raise h_ up to 30 nautical miles. These technlques provilde a minimum
LM orbit of 16 by 30 nautical miles prior to the C5M rendezvous mancuver
sequence,

The CSM rescue will be initiated by a ground computed DKI plan,
The CSM will perform the following maneuvers: phasing (NC1}, CSI (NH),
CDH, and TPL, The phasing maneuver (NC1) will be performed approxi-
mately one revolution after insertion to establish the proper phasing for the
NH maneuver point, Any initial out-of-plane velocity corrections will
probably be included in the NCi maneuver, The second manguver {NH)_
establishes the proper phasing and differential altitude conditions for the
CDH maneuver point and, depending upon the LM apolune altitude, will be
executed either 1/2, 1-1/2, or 2-1/2 revolutions after NC1. The [-1/2
revolution timeline will be applicable in most cases as it will be used for
the most likely LM apolune altitudes of 100 to 300 nautical miles, The
1/2 revolution timeline will be applicable for minimum insertion orbits
(LM apolune less than approximately 30 nautical miles} because the 1-4/2
revolution timeline would require an unsafe CSM orbit, For extremely high
LM apolune altitudes, the 2-1/2 revolution timeline might be used as it
results in lower AV requirements, The CDH maneuver, performed 1/2

period after CSI, is designed to place the CSM into an orbit which is

"MCC-H will nominally use the po{vered flight processor {(Lear Filter)
eshmate 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,
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coellibtic with the LM orbit with a constant delta helght between the two
orbite, The TPl maneuver, which is performed near the midpoint of dark-
ness (approximately 35 to 40 minutes after CDH), Is designed to place the
CSM on a trajectory that will intercept the LM orbit after 130 degrees.
The line-of-sight braking may be performed by either the LM or CSM,
Table 5-1 presents the required LM and CSM maneuvers to Insure that the
planned CSM doccing initiation (DKI) rendezvous sequence can be
performed, '
5.2 RENDE2YOUS FOR MANUAL TAXEOVER DURING POWERED
ASCENT

With a nomina! 1ift-off time, a manual takeover during ascent could
make it lmpoaslb!e to usé the DKI rendezvous sequence discussed in
Section 5.1, If the resultant LM apolune altitude were less than approxi-
mately 75 nautical rqiles; the DKI sequence could not be used without vio-.
lating perilune constraints, For this case, a special CSM high-dwell
rendezvous sequence would be used for rescue, This technique is docu-
mented in Reference 11 and requires that the CSM dwell high enough for the
LM to catch up almost a complete 360 degrees in the opposite phasing
direction, The maneuvers required for this type of rendezvous are pre-
sented in Table 5-2,

For LM apolune altitudes greater than approxlmately 75 nautical
miles, 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_‘anual descent
abort, four different rendezvous techniq{ies will be considered for the CSM
rescue, These techniques are documented in References 11 and 12 and are
summarized in Table 5-2. Depending upon the LM orbit parametlers, a
real-time decision will be made to select the technique that results in an
effective, sale, rendezvous sequence. If it is determined that waliting one
revolution after the manual LM insertion will not degrade the situation and
will permit better LM orbit determination, the DKI rendezvous sequence
discussed prevaously will be used,
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Table 5-1. LM and CSM DKI Rendezvous Maneuvers

LM CsMm

Ifhp <10 n mi and y <0,

perform RCS burn at cutoff+3 minutes
Ifhp <10 n mi and y >0,

perform RCS burn at apolune to raise perilune
to 16 n mi

If ha <30 n mi,

perform RCS burn to raise apolune to 30 n mi

Phasing {NC1): performed approxirately cne
revolution after insertion

CSI (NHY: Performed 1/2, 1-1/2, or 2-1/2 -
revolutions after NC1-

CDH: performed 1/2 revolution after CSI
TPI: performed near midpoint of dariness
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5-2. Summary of CSM Active {Rescue) Rendezvous Sequences for Manual Ascent

Seguence

Rescue 2

Mirror
5. Image

Contingency
Dwell

Manual
Ascent

Applicahility

Underapeods following
manual deacent aborta
{LM high enough flor
CSM to come down)

Manual aborts from
descent! successful
insertion

Underspesds following
descent aborts {CSM
cannot come down)

Following LM manual
ascent from the lunar
nurface or for certain
manual deacent aborts

Reguired Burns (Targetin

® Rascueo=2 maneuver

CSll (P32t N = even integer depandent on LM
abort AV, See¢ Table 3}

CSI, = nominat O fpa (P32: N, = N, =2,
N i2) d

C51 « nominal @ fps {P32Z nominal case: N = 1)
COH {P33)

TP (P34)

Rascus fram 2« tev sequence HAM/CSI/
COHITPI

Rescue from l=rev sequence CSL/CDH/
TPL

Phasing {MCCaH, P30y

Phlllngi * nominal 0 fps {MCCaH, P30}
CSI (P32)

CDH (P33)

TPI (P34)

# Phasing (MGCC-H, F:0)

Ph-lh\gi = nominal 0 fpe {(MCC=H, P30}
CSI {P32)

® CDH (P13)
e TPl {P34)

Burn Execution Times

= At longitude of CSM CIRG
* At orbit perilune

- I:nchmllhrCﬂl

* 1/2 time between CSI (N = 2} and CDH

R it of P32 tputations
= 16 min before sunrise

* Mancuvers at LMeactive times

* Maneuvers at LM-active timaes

e PDI 4+ 67 min
* One rev after preavious phasing
= At same longitude as phasing burns

» Result of P32 compuiations
= 16 min prior t0 sunrise

+ One rev after insertion
* One rev after pravious phasing

® 1/2, 1=1/2, or 2=1/2 reve after
phasing depending on LM orbit

* Rasult of P2 computations
* Based on orbit after CSI
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