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F OR E W ORD

- - This Lunar Surface Mission Techniques Document is

one of several documents describing the H- 2 mission (Apollo

13). The others are as follows:

• Launch Aborts

• Earth Parking Orbit and Translunar
Inj e c tio n

• Translunar Midcourse Corrections and
Lunar Orbit Insertion

• Lunar Descent

• Descent Abort and Subsequent Rendezvous

• Manual Ascent

• Powered Ascent

• Lunar Orbit Activities

• TransearthInjection, Midcourse
Corrections, and Entry

• Tracking Data Selection Controllers
Procedures

• Contingency Procedures

These documents contain the officially approved guid-

ance and control sequence of events_, the data flow, and real-

time decision logic for theH-Z mission. The purpose of these

documents is to insure compatibility of all related MSC and

supporting contractor activities.

For each mission phase, aData Priority Working Group

has been establishedunder the direction of Chief, Apollo Data

Priority Coordination, ASPO. These groups, which are com-

prised of representatives of h4SC and support contractors,

hold frequent meetings to coordinate their various as sociated
f--
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FOREWORD {Continued)

. . activities and develop agreed upon mission techniques. TRW

assists in the development of the techniques and documents

them for ASPO. After formal review by ASPO, E&DD, FCOD,

FOD, GAEC, MDC, MIT, NR, and TRW, a document such

as this one is issued.

T:his is the final issue of the :Lunar Surface Techniques

Document. The mission dependent data limits and trajectory

parameter values are applicable to the H- 2 mission; the se-

quence of events, data flow, and decisionlogic are applicable

to the H- 2 and subsequent Apollo missions;
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NOMENCLATURE

AEA abort electronics assembly

AGS abort guidance system

ALT altitude

AOS acquisition of signal

AOT alignment optical telescope

APS ascent propulsion system

ASA abort sensor assembly

AT P57 alignrnent technique

ATT attitude

BMAG body mounted attitude gyro

BRCS basic reference coordinate system

BSS boresight star (PAD data)

BT burn time (PAD data)

CDH constant delta height

CDR commander

CDU coupling data unit

CMC command module computer

- CMD command

CMP command naodule pilot

COAS crew optical alignment sight

CONT control

CSI coelliptic sequence initiation

CSM command service module

DAP digital autopilot

DEDA data entry and display assembly/ -
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NOMENCLATURE {Continued)

DES descent

DPS descent propulsion system

DSKY display and keyboard

EMS entry monitoring system

ENG engine

FDAI flight director attitude indicator

FDO Flight Dynamics Officer

g gravity

GDC gyro display coupler

G&N guidance and navigation

go e.t. ground elapsed time

GETI ignition time (PAD data)

GNCS CSM guidance, navigation and control

system

H AGS insertion altitude

HA, Hp altitude of apogee and perigee, respec-
tively, above lunar landing site radius

(PAD data)

Hdot AGS insertion radial rate

IMU inertial measurement unit

K AGS time bias

LAD LM attitude determination program of
RTCC

LAT latitude

LGC lunar module guidance computer

LM lunar module
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_-_ NOMENCLATURE (Continued)

LMK landmark

LMP lunar module pilot

LO lift-off

LONG longitude

LOS loss of signal

LR landing radar

LSD landing site determination program of
RTCC

MCC-H Mission Control Center - Houston

MSFN Manned Space Flight Network

N noun

NAAF CSM orbital period plus the nominal time
interval from the time the CSM passes
over the LM until the desired lift-off

time (PAD data)

ORB RATE orbital rate attitude control mode

OVRD override

P CSM orbit period (PAD data)

Pl2 Ascent Program

p22 Landmark Tracking Program

P27 CMC, LGC Update Program

P30 External AV Program

P40 SPS Thrust Program

P52 IMU Realignment Program

P57 LGC Lunar Surface Alignment Program

P66 Landing Phase (Rate of Descent) Program
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NOMENCLATURE (Continued)

P68 Landing Confirmation Program

P71 APS Abort Program

PTRIM' YTRIM pitch and yaw trim SPS gimbal angles
(PAD data)

PAD data voiced to crew from ground

PDI powered descent initiation

PFP RTCC Powered Flight Processor

PGNCS LM primary guidance, navigation and

control system

PIPA pendulous integrating pulse accelerometer

PRO proceed

R05 S-band Antenna Routine

RI 1 Abort Discretes Monitor Routine

RALIGN, PALIGN' YALIGN backup GDC or IMU alignment angles

R, P, Y roll, pitch, and yaw gimbal angles (PAD
data)

RCS reaction control system

Rdot PGNCS insertion radial rate

REFSMMAT transformation matrix from basic refer-

ence system to IMU coordinate system

RHC rotational hand controller

_RLs LM position vector on the lunar surface
in moon-fixed coordinates

RR rendezvous radar

rss root sum squared

RTCC Real-Time Computer Complex

RTGO range to go

xii



_. NOMENCLATURE ('Continued)

SC spacecraft

SCS CSM stabilization and control system

SFT sextant shaft angle

SPA COAS BSS pitch angle (PAD data)

SPS service propulsion system

SXP COAS BSS X-position (PAD data)

SXT sextant

SXTS sextant star

T(align) same as t L

T t latest lift-off time for first stay/no-stay
decision

T2, T 3 lift-off time for the second and third pre-
ferred lift-off times, respectively, after

f touchdown (PAD data)

t L time corresponding to landing site
REFSMMAT

TRN sextant trunnion angle

TD touchdown

TFLO time from lift-off

: TIG time of ignition

TM telemetry

TPI terminal phase initiation

TSTD time since touchdown

V verb

vg velocity to be gained

V H PGNCS horizontal velocity at insertion
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NOMENCLATURE (Continued)

VI, VT velocity magnitude

VIO EMS inertial velocity for entry

WT CSM weight (PAD data)

XGTA l

YGTA_ X-, Y-, Z-gyro torquing angles
ZGTAJ

c_L s emimajor axis

AT time interval

AV delta velocity

AVC EMS AV computer input (PAD data)

AVT total inertial velocity impulse (PAD data)

AVX X-velocity component of external. AV

(PAD data)

AVY Y-velocity component of external AV
(PAD data)

AVZ Z-velocity component of external AV

(PAD data)

A6 AGS azimuth correction

8J AGS lower limit of insertion orbit

semimajo r axis

9J AGS upper limit of insertion orbit

semimajo r axis
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i. INTRODUCTION

The guidance and navigation sequence of events, flow of data, and

" real-time decisions which must be made during the H-2 (Apollo 13) mission

lunar surface phase are presented in this ,document.

Logic flow diagrams are used to show the recommended procedures

in making stay/no-stay decisions and to establish the prime guidance sys-

tem and alignment mode for lunar ascent. A discussion of the flow chart

rationale precedes a timeline and the flows.

The procedures shown in the charts reflect the following key ground

rules:

a) The AGS and PGNCS will be powered down (AGS, LGC

and IMU to STANDBY) as soon as necessary systems
checks have been performed,,

b) The CSM IMU will be ON during the entire mission,

c) The detection of a PGNCS or AGS failure does not
necessitate a lift-off at the next opportunity.

d) If the GNCS or SCS fails, it is not necessary to lift-

off at the next opportunity.



"_ Z. DISCUSSION OF THE FLOW DIAGRAMS

Z. i POSTTOUCHDOWN PHASE

The posttouchdown phase begins when the LM contacts the lunar

surface. Touchdown is expected to occur at about li-3/4 minutes after

powered descent initiation (PDI + ! 1-3/4 minutes).

For mission planning, the LM will not lift off during the time inter-

val from approximately touchdown +9 minutes until approximately touch-

down +li5 minutes. Precise lift-off times are selected in real time

before PDI. Table 1 shows the PAD data onboard the LM at the time

of touchdown.

The procedure to make the decision to stay on the moon for at least

one CSM revolution consists of two steps:

a) First stay or no-stay decision - After touchdown,
the crew terminates the DPS thrust and monitors the

LM attitude and rates, while the flight control

personnel perform system checks using TM data.
.... Considering the range of expected LM hover time,

there will be I to 3 minutes available after touch-

down for systems evaluation. The time of launch
from the first no-stay decision is any time prior

to about PDI +15 minutes (Ti).

b) Second stay or no-stay deci,3ion - A second stay or
no-stay decision will be made based on more detailed
evaluation of the LM systems. If the decision is no-
stay, lift-off will occur at approximately PDI +20-3/4

nainutes (TZ).

The latest lift-off time for the first stay/no-stay decision will be obtained

from the crew checklist. The second stay/no-stay lift-off time will be

provided by MCC-H prior toPDI (Table I).

Variable insertion targeting will be in effect through TI; the target

orbit for the T i and T Z lift-off times will be a i0- by 30-nautical mile

orbit. The target orbit for lift-off at the nominal time after the first

CSM revolution is a 9- by 45-nautical mi].e orbit. The primary reason the

f---.



lower orbit was chosen for the T l and T 2 lift-off times is thai;it has a

faster catch-up rate for rendezvous with the CSM and, thereby, provides

an additional 3 minutes on the lunar surface, which is used to evaluate the

LM systems and to prepare for lift-off. The lower orbit also reduces the

probability of APS propellant depletion which is somewhat more likely in

an abort, because the equipment to be left on the lunar surface has not yet

been jettisoned (Reference I). A lunar surface lift-off between touchdown

and T I uses the nominal rendezvous sequence provided by variable inser-

tion targeting. A lift-off at the T 2 opportunity, however, req_,ires a two-

revolution rendezvous sequence. This sequence involves a 10-foot per

second perilune raising maneuver near the first apolune passage and a

height adjust maneuver one-half period later followed by the nominal CSI/

CDH sequence one-half period after that.

2. i. I First Stay/No-Stay Decision

Immediately at touchdown the Engine Stop button is depressed. After

the LM has stabilized on the lunar surface, the CDR monitors the LM atti-

tude indicated on his FDAI to determine if the vehicle tiltis within the

abort limit of 30 degrees (GAEC recommended tiltlimit). Then the crew

will perform the following operations:

a) CDR pushes PRO on the DSKY to prevent RCS firings.

b) PGNCS Mode Control switch is placed in AUTO.

c) The Descent Engine Command Override switch is set
to OFF.

d) The Engine Arm switch is set to OFF°

e) Make the DEDA entry 413 + 10000 (Reference 2)

which does the following:

i) Stores the AGS landing azimuth for future

lunar align

2) Sets the abort electronics assembly (AEA) lunar

surface signal

Another more direct indication of tiltmay be obtained by displaying the

AGS all direction cosine (DEDA address 130), which is the cosine of the

angle between the X-body axis and the AGS X-inertial axis.

4



3) Inhibits AGS accelerometer calibration

• • 4) Enables lunar surface navigation

During the first stay/no-stay period, the LGC is still at a point in

P66 (rate of descent) waiting for a keyboard entry. The crew can ABORT

STAGE (a procedure which provides launch without any external targeting)

at any time during this time interval using the APS abort program PYl

(Reference 3).

2. 1.2 Second Stay/No-Stay Decision

If the first decision given by MCC-H and crew is stay, the crew will

perform the following postlanding operations to prepare for possible lift-

off about 5 minutes later (PDI + 20-3/4 minutes)using PiZ:

a) Turn LR off.

b) Make a DEDA entry of 414 + 20000. This loads
into the AGS LM state vector locations the tar-

geted landing site which was entered into buffer
_- locations via the DEDA at about PDI -5 minutes.

c) Enter AGS lunar align via DEDA entry 400 + 40000.

Note that lunar align may be exited in 30 seconds

with a 95 percent reduction in the initial alignment
errors. *

d) Call the Landing Confirmation Program (P68) which

terminates the landing programs and initializes the

LGC for lunar surface operation (Reference 3). The

LGC performs the following:

I) Zero attitude errors.

2) Terminate average-g integration. The average-g
integration during the first 5 minutes after touch-
down introduces a small error in the state, but
the error is acceptable.

*Steps (b) and (c) provide an independent AGS alignment and an independent
AGS state vector compatible with the aligm-nent, so that in the event of a

...... lift-off at T Z the AGS is capable of a safe insertion even if the PGNCS

alignment and state vector are grossly in error.

5



3) Reset abort enable flag for use by the abort dis-
cretes monitor routine (Rii) and APS (P7i)

abort program.

4) Set the lunar surface and APS flags. The APS

flag initiates the transfer of the APS data to the
digital autopilot (DAP).

5) Store present position vector (R__LS) in lunar
fixed coordinates.

6) Display the LGC calculated R__LS coordinates
(latitude, longitude, altitude). These coordi--
nates are recorded by the crew.

7) Store the LM Y- and Z- body axes in moon-
fixed coordinates after the CDR keys in PROCEED.
This step is taken to insure that the data are
available in case the IMU is turned off without

having been realigned after touchdown.

8) Select minimum impulse mode.

The CDR then keys in the Ascent Program, PIZ, and inputs the

desired lift-off time obtained from the pre-PDI PAD data (T 2 im Table 1).

After exiting the descent program (P66}, immediate lift-off is no longer

possible; the crew must use P1Z for launch.

Just prior to the second stay/no-stay decision, lunar align is exited

by DEDA entry of 400 + 10000 which enables guidance steering. At this

time the AGS is configured for lift-off at T 2 if necessary.

Approximately 7 minutes after touchdown, the ground makes the sec-

ond stay/no-stay decision. For a stay decision the crew exits PiZ and

remains on the lunar surface for at least one CSM revolution.

2.2 SYSTEMS CHECKOUT PHASE

After the decision has been made to remain on the lunar surface for

at least one CSM revolution, the crew prepares to perform AGI_ and PGNCS

systems checks, which include alignments of both systems. T:he alignment

data will be used by the ground to provide an additional estimate of LM

position on the moon.
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This section is divided into the following four subsections:

a ) Alignments

b) Drift Checks

c) State Vector Updates

d) Determination of RLS.

2.2. i Alignments

The PGNCS lunar surface alignments (Table Z) are performed as

part of the Lunar Surface Alignment Program (P57). The desired IMU

orientation is selected by the LM crew (Reference 3); the orientation

options available are given below.

Orientation Options De:sired REFSIVIMAT

i (preferred) A previously uplinked I_EFSMMAT is
used.

3 (KEFSMMAT) The present REFSMMAT is used.

4 (landing site) A KEFSM__AT is computed onboard

based on -_!LS' T(align), and the CSM
angular momentum vector.

There are four choices of IMU alignment vectors available to the

crew while on the lunar surface. These vectors are selected through

various alignment techniques in P57 (Reference 4) and are listed below.

Alignment Technique (AT) Vectors Used for Alignment

0 LM Y- and Z-body axis

i LM Z-body axis and the measured

gravity vector

2 Two AOT vectors

3 AOT vector and the measured gravity
vector



When alignment technique i, 2, or 3.is selected and the ]_[EFSMMAT

is present (the REFSMMAT flag is set), the LM body axes are updated,

and an initial alignment is made with this stored LM attitude data (AT-0).

The AT-0 portion of an alignment reorients the platform by an amount

equal to the angular difference betweenthe old and desired REFSMMAT's.

The final alignment is made with the alignment vectors required by the
i

technique selected. The gyro torquing angles are a measure of the differ-

ence between the alignment obtained with AT-0 and the alignment using

AT-i, 2, or 3.

During AT-I or 3 the gravity vector is measured, and the angular

difference between the new gravity vector and the previously stored

gravity vector is displayed. This angular difference is an accurate mea-

sure of vehicle tiltsince the previous alignment. During the first gravity

alignment, the displayed vector difference is the angle between the vehicle

X-axis and the measured gravity Vector. The AGS pseudo-gimbal angles

are monitored by the ground during a gravity alignment to determine LM

tiltduring the alingment. Tilt during a gravity alignment will degrade the

alignment accuracy, and thus will require a realignment.

The alignment of the IMU must be accurate in the pitch axis, since

misalignments in that direction reflect directly into flight-path angle

errors at insertion which degrade the rendezvous and, if sufficiently

large, could result in an impacting insertion orbit. An accurate IMU

alignment with respect to a local vertical coordinate system will allow a

correct flight-path angle at insertion, even if LM position (_RLS) errors

cause the alignment to be inaccurate with respect to the basic reference

coordinate system (BRCS). A gravity alignment (AT-i or 3) for lift-off

will orient the IMU accurately with respect to the vertical, regardless of

_RLS errors (assuming gravity anomalies are small). However, the mis-

alignment with respect to the BRCS would degrade the navigati,_n accuracy

during rendezvous if not corrected. (Present plans allow for en AOT IMU

alignment (P5Z) approximately 5 minutes after insertion. ) Itis believed

that the local gravity vectors can be measured more accurately than star

vectors, so an AT-3 is recommended for planned lift-off.



r-_ Approximately 20 minutes after touchdown, the crew enters P57 and

selects AT-I, option 3. The crew will exit the program following the

gravity direction measurement before enabling the displayed gyro torquing

angles. The gravity vector is stored in the LGC in LiX4 body coordinates.

Approximately 30 minutes after touchdown, the crew enters P57 once

again and selects AT-2, option 3. After the 12viU is aligned to the pre-

PDI REFSMMAT, the crew requests the LGC to calculate the landing site

vector, _RLS. The RLS is calculated fron_ the gravity vector measured

in AT-I (Reference 3) and it is displayed to the crew; MCC-H then deter-

mines if the displayed values should replace the RLS presently stored in

the LGC. After the above is completed, P57 is reentered and an AT-2,

option 3 is performed to provide additional star data for the off-line RTCC

weighted least squares R__LS processor of Reference 5, which is discussed

in Section 2.2.4.

After co_npletion of the second P57 AT-2, the AGS is aligned to the

PGNCS and the two systems remain inertial until they are powered down.

_- Immediately following the AGS to PGNCS align , the improved AGS azi-

muth is stored (DEDA entry of 413 + i0000) and the crew reads the new

AGS azimuth data (DEDA addresses 047 and 053) to MCC-H.

In the event that only one celestial body (star, planet, sun, earth**)

is visible through the AOT, the sequence of IMU alignment techniques

during the systems checkout phase will be 1-3. In this case, an AOT vec-

tor is suitable if it is separated by at least 20 degrees from the gravity

vector (Reference 3, Routine 59). For the 20-degree separation case,

the alignment accuracy in azimuth will be degraded by a factor of approxi-

mately 2.5 from the ideal, or 90-degree vector separation case

(Reference 6). The pitch axis alignment will not be degraded by small

vector separation. If no suitable celestial bodies are available, the AT

sequence for systems checkout is 1-i. The alignment sequence with

degraded AOT capability is summarized in Table 3.

Each AGS to PGNCS align will be preceded by a CDU zero (V40N20) to
reduce the probability of a CDU transient spoiling the alignment.

- The LGC earth vector may be in error by as much as 1.4 degrees. The
ground must supply earth vector data which will be entered with planet
code 00.

9



The CSM is fine aligned to the pre-PDI REFSMMAT in preparation

for sextant sightings on the LM. The gyro torquing angles are a measure

of gyro drift from the previous alignment. This alignment will be used

for rendezvous if lift-off at T 3 is required.

2.Z.Z Drift Checks

A LM IMU drift test, using gyro torquir_g angle data, is performed

because the ground cannot distinguish between platform drift and LM

settling rates by observing the PGNCS gimbal angles. Furthermore, a

drift test provides data to check the status of the AGS. If PGNCS is mar-

ginal, the drift test data can be used to select the best system (PGNCS or

AGS) for lift-off.

The P57 AT-2 option 3 alignment performed shortly after landing

is used to determine IMU drift. The AT-2 gyro torquing angles will be a

measure of the drift since the last pre-PDI alignment at about

PDI - 85 minutes.

The AGS gyros are calibrated using the Lunar Surface Gyro

Calibration Routine (DEDA entry 400 + 60000) at about I5 minutes after

touchdown. The gyro bias coefficients are updated automatically in the

routine and both the old and new values are displayed to the crew. If the

indicated drift is greater than Z. 0 degrees per hour then the gyro has

failed. The relative drift between the AGS and PGNCS is mon_itored after

the AGS to PGNCS align which follows the second AT-2 alignment.

2.2.3 State Vector Updates

For the first I-I/2 hours after touchdown, the CSM state vector in

the CMC will be the one obtained from MSFN on the pass prior to PDI

(time tagged at PDI - i0 minutes). The next CSM state vector is deter-

mined using the PDIpass data and is up]inked to the CMC 1-i/2 hours

after LM touchdown (time tagged at touchdown + i hour 40 minutes)

(Figure i). The LM position vector (_RLS) is also updated in the CMC

at this time. These vectors are used for sextant tracking or for rendez-

vous if lift-off is necessary after one CSM revolution. The lunar surface.

flag in the CMC will have been set by a V44 entry at about TD + i0 minutes.

l0



The LM state vector in the LGC at touchdown will be the navigated

state through powered descent. It will be in error by at least the descent

targeting offsets. In the event of loss of communication, the crew can set

the radius of the landing site equal to the pre-PDI estimate by inputing via

the DSKY the _ IRLs I from the pre-PDI pad (Table 1).

A value for _RLS will be computed in the, LGC following each of the

AT-Z alignments. MCC-H will make the recommendation on the accep-

tance of the newRLs values for storage in the LGC.

Approximately 1 hour after touchdown the ground will select a best

estimate of _RLS and uplink this value to the LGC with an updated CSM

state vector (time tagged at touchdown + i hour 40 minutes). A discussion

of the ground determination of _RLS follows in Section Z. 2.4.

Z.Z.4 Determination Of RLs

It is planned that several data sources for _RLS determination will be

available on the ground prior to the uplinking of the best value at approxi-

mately touchdown + I hour. The sources and their estimated three-sigma
f-

accuracies are as follows:

Estimated Three-Sigma Accuracy
(Latitude) k (Longitude) R (Radius)

RLS Source (ft) (ft) (ft)

Adjusted PGNCS navigated 4, 800 Z, 300
state vector

Adjusted AGS navigated * * -
state vector

Adjusted PFP state 4, 500 1,500 l, 500
vector at TD

Map + crew su:rvey _,:' 6,000 1,500 l, 500
(9,000)*** (9,000)*** (i3,500)***

AOT + PGNCS gravity i3,500 i3,500

AOT + AGS gravity 18,000 18,000

AGS accuracy is believed to be slightly less than PGNCS

_ Crew estimation errors are not included

Not well surveyed site (H-2 mission site is well surveyed)

li



Methods Using AOT and Gravity Vector (Longitude and Latitude only)

This RLS determination method (Reference 7) uses the gravity vec-

tor in body coordinates, the PGNCS gimbal angles, and the REFSMMAT

used with the AT-2 alignment. A similar computation has previously

been performed onboard (during P57, AT-2). An analogous technique

can be used with the AGS gravity in body coordinates to give another

estimate of LM position. Both of these methods are independent of the

CSM trajectory.

Method Using Map and Crew Survey Data

This method uses the crew estimate of their position (longitude and

latitude) obtained by locating prominent terrain features on their map dur-

ing powered descent. These data will be voiced to the ground. The crew

will also tell the ground how confident they are of this estimate. The pre-

PDI SXT data may be used by the ground to improve the accuracy of map

longitude and latitude.

Methods Using PGNCS, AGS, and PFP _" State Vectors

In these methods, a correction is applied to the three touchdown

state vectors to remove initial state vector position errors al: PDL The

best estimate of the PDI position will not be known until after PDI and,

therefore, cannot be used to initialize the three systems for descent. For

these three methods, the three components of RLS will be computed by the

FDO from the vector equation:

(R)i = (RpDi)best + [ (_RTD) i - (__RpDi)i]

The PFP is an RTCC processor which uses doppler observaILions from

several tracking stations to obtain by triangulation the state vector change
since the last set of observations. The processor uses Kalman filter equa--
tions to compute the state vector corrections at the time of a set of doppler
observations. After the update, the state and weighting matrices are
propagated to the next set of doppler observations and another state cot-
rection is computed.

1P



where:

i = One of the following data sources:

a) PFP (LM powered flight tracking

' • data processor}

b) PGNCS

c ) AGS

(.R)i= Source i's best estimate of RLS (in selenographic
coordinates); this estimate will be available after the

second stay/no-stay decision and before TD + i:00 (hr:min}.

(RpDi)best = Best estimate of LM position in selenographic coor-
dinates at time of PDI based on MSFN pre-PDI data

which are processed after TD. This estimate uses

the data from AOS to PDI for inplane information

while constraining the LM plane to the "best" plane
available determined by Data Select.

__TD)i =:Source i's value of RLS at time of TD obtained as hard
copy of RTCC on-line output and pneumatically tubed
to FDO.

___ (RpDI) i =: Source i's estimate of LI_: position (in selenographic
coordinates) at time of PDI. These three vectors as

well as (RpDi)best .will be made available to FDO on
the vector comparison display.

The choice of the best estimate for _RLS at touchdown + I hour will

be a real-time decision based on the data which were processed and the

confidence in its accuracy. This best value of RLS will be uplinked to the

LGC (if different from onboard value) and will be used as the LM lift-off

vector if necessary at T 3.

Prior to the first CSM pass over the landing site following LM touch-

down, the CMP will orient the SC for sextant acquisition, select the

Landmark Tracking Program (P22), and track on a predetermined land-

mark. At least 25 seconds (Reference 8) should be allowed between each

of the sighting marks. The LM will concurrently track the CSM with the

RR. The SXT and RR data will be processed in the RTCC program LSD,

which will yield moon-fixed latitude, longitude, and radius components

13



for the landmark and LM, respectively. The a priori position of the

landmark is assumed to be well known; therefore, the difference between

the a priori value and the sextant value is assumed to be directly attrib-

utable to the CSM state vector uncertainty. The RR estimate of the LM

position will be corrected by this difference to yield another estimate of

_RLS. In addition, the AT-2 star sighting data and PGNCS measured gravity
t

vectors will be processed in the RTCC off-line weighted least squares pro-

cessor (Reference 5) to provide an _RLs estimate which is independent of the

CSM orbit plane uncertainty and more accurate than the LGC AOT + g pro-

gram which uses only two star sightings. Prior to ascent these estimates

and the others will be compared and a best estimate of_RLs will be chosen
and uplinked to the LGC before lift-off.

Z. 3 CSM PLANE CHANGE

Since the CSR4 orbit will be inclined 5. 3 degrees to the lunar equator,

the CSM must perform a plane change so that its orbit will pa_,s over the

LM at lift-off time. The plane change will require an SPS burn of about

184 feet per second; the LM will yaw steer out any remaining errors during

as cent.

On the revolution before the plane change burn (revolution 18), the

ground will uplink its best estimate of RLS, the CSM ephemeris data and

the preferred REFSMMAT, and voice up the maneuver PAD. The CSM

will then perform an IMU alignment (P52, option l) which is checked using

auto-optics to a third star.

Prior to the plane change on revolution 19, P30 and P40 are exe-

cuted. The CMP monitors the CSM auto maneuver to the burn attitude and

adjusts the outer gimbal angle to the P30 maneuver PAD value (Table 4).

The auto optics is used to drive the sextant to the sextant star (PAD data).

The trunnion angle must indicate the PAD value within I degree in order

to proceed with the GNCS in control. If this l-degree optics clheck is

failed, the burn is executed later with the SCS if the GNCS problem cannot

be resolved. The CMP has the option to use the boresight star and the

COAS to verify the SC attitude.

14



After the ignition attitude is verified, the GDC is aligned to 0-0-0.

The BMAG's t are then uncaged. The CMP will monitor these attitude

references to determine if the CSlVl is drifting while under GNCS control.

, . The SC is drifting if both the SCS attitude references indicate a drift

greater than their respective three-sigma limits in any axis (SCS/GDC -

10 degrees per hour; BMAG's t - 1.7 degrees per hour).
i

After the SPS thrust is terminated, the residuals are not trimmed.

Although this is the first SPS burn inthe undocked configuration, the

expected residuals are not large enough to significantly affect the ascent

and rendezvous. Prior to loss of signal (LOS) of revolution 19, the ground

uplinks the lift-off REFSMMAT to the CSM, and the CMP pulse torques the

IMU to the uplinked REFSMMAT.

2.4 PRELAUNCH PHASE*

2.4. I CSM Activities

Approximately 4 hours before lift-off, the CSM pilot begins prepara-

tions for ascent (Figure 2). The G&N activities are started at this time to

'_ allow the CMP time to perform an IMU alignment to the lift-off

REFSMMAT and perform sextant sightings on a landmark. The P52 align-

ment is performed to the lift-off REFSMMAT about 3 hours 40 minutes

before lift-off. The CSM and LM perform concurrent P22 sextant and RR

tracking, respectively, at about 2 hours 5 minutes prior to lift-off; the

CSM will track a predetermined landmark, and the LM will track the CSM.

The optical data are nominally used only :for postflight analysis. MSFN

data are used t:o target the LM for yaw steering into the CSM orbit plane.

The CSM lunar surface flag reset, the CSM state vector, and the

nominal LM insertion vector (time tagged at insertion + 18 minutes) are

uplinked to the CMC prior to LOS on the last revolution before lift-off

{revolution 30).

In the event of a premature lift-off at some preferred lift-off time (T N)
"-- between T 3 and the nominal lift-off time, the nominal ascent preparation

procedures will be followed.
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The CSM will attempt to track the LM with the SXT on the LM lift-

off revolution. At about LO -30 minutes the CSM will maneuver to an

inertial attitude (R = 0 degrees, P = 301 degrees, Y = 0 degrees). P22will

be entered, and the CMP will track the LM in the ORB RATE :mode until the

SXT trunnion angle equals about 22 degrees, at which time the CMP will

select minimum impulse control and attempt _o null the LM line-of-sight

rates.

Z. 4.2 LM Activities

At approximately 3 hours before lift-off, the LM crew sLarts pre-

paring for lift-off. The AGS and PGNCS are powered up, the CSM state

vector and _RLS are updated in the LGC, and systems tests are performed.

The RR system is turned on, and the radar self-test is performed. The

IMU is aligned using P57, AT-3, and option 4 for RR tracking of the CSM

on the last CSM pass prior to lift-off. The AGS is then aligned to PGNCS,

the AGS gyro calibration is performed, and AGS is realigned to PGNCS.

The AGS azimuth is stored and voiced to the ground. The AGS and PGNCS

remain inertial until the final P57 alignment.

The CDR selects the Lunar Surface Navigation Program (P22 in

Mode II) to obtain data for postflight analysis. This program controls the

rendezvous radar, auto acquisition, and downlinks the IMU gimbal angles,

the shaft and trunnion angles, and the range and range rate data. During

this tracking period, the program is in the no-update mode to increase the

frequency that the data are telemetered to the ground. The RR data con-

sist of the following:

• Shaft and trunnion angles

• LM IMU gimbal angles associated with the observations

• Range and doppler observations

• Observation times

The RR is turned off following the P22 tracking, and remains off during

ascent.
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The AGS time is initialized (K = i30 hours), and an AGS state vector

update is performed (V47 and 414 + I0000).

At about I-I/2 hours before lift-off, MCC-H voices up the ascent

PAD (Table 5), and the AGS ascent parameters are loaded and verified.

In preparation for lift-off the IMU is realigned to the lift-off

REFSMIvlAT using P57 AT-3 at lift-off -45 minutes. The drift check data
L

which have been gathered from the PGNCS and AGS realignments will be

used by the crew and ground to select the best system for lift-off.

If LI%4[communications with the ground fail (considered an unlikely

event), the LM crew can compute lift-off time using the time (g. e. t.) of

CSM closest approach and certain PAl) data. The time of closest approach

is determined by noting the time when RR range rate goes to zero during a

CSM overpass. Lift-off time is determined by the following:

lift-off (g.e.t. ) = ti (g. e.t. ) + NAAF*

The time of CSM closest approach, one revolution prior to lift-off, is tI.
f--

NAAF is the CSM orbital period plus the nominal time interval from the

time the CSM passes over the LM until the desired lift-off time.

The RTCC has the backup capability to estimate LM azimuth using

RR shaft and trunnion data (Reference 9). These data and gravity can be

used to determine an 'actual REFSI_clIkdAT for the IMU. By uplinking

this actual REFSMhdAT, the IIV[U can be realigned to the LGC calculated

desired REFSI_clMAT for lift-offby using AT- 0 or I of P57. This method

of alignment could become prime should optical data (AOT) not be available

and the LGC stored azimuth be questionable. Without optical data, this

RTCC processor provides the only method for determining a direct mea-

sure of IIV[U azimuth. An alternative is to use AT-i of P57 with the

REFSMNTAT flag unset. This would mean that the final alignment would

have an azimuth error (probably small) equal to the l_¢lU misalignrnent at

the time the LM body vectors were stored.

After the completion of the final IIV[U alignment, the AGS will be

aligned to the PGNCS, and the new azimuth will be stored for use in the

NAAF is known by the LM crew prior to LiV[ descent (PAD data - Table i).
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following AGS lunar align. The ground has the option to request that the

ascent PAD values be used for the azimuth in the lunar align if the AGS to

PGNCS align appears to be in error.

The crew will then enter the Ascent Program (Pt2) and input the

PGNCS targeting parameters (VH, Rdot, CROSSRANGE) from the crew
checklist and the ascent PAD.

About 30 minutes before lift-off the crew will enter 400 + 40000 in

the DEDA (AGS Lunar Align). At TIG -10 minutes the AGS state vectors

will be initialized from the PGNCS downlink (DEDA 414 + 10000 and DSKY

V47) and at TIG -2 minutes AGS guidance steering will be entered (DEDA

entry 400 + 10000). At TIG -10 seconds the ABORT STAGE button will be

pressed to enable the LGC redundant engine on circuitry and staging.
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Table i. LM Pad Data at Touchdown (Pre-PDI)

TPI (hr:min:sec) g.e.t, of TPI time for abort from powered descent
O

T 2 (hr:min:sec) g.e.t, of the preferred lift-off time for second
stay/no-stay decision after touchdown (_ touch-
down +9 minutes)

T 3 (hr:min:sec) g.e.t, of lilt'off time after the first CSM revolution

P (hr:min:sec) CSM period (used for backup lift-off time and TPI
time s)

NA-AF (hr:min:sec) CSM orbital period plus the nominal time interval

from the time the CSM passes over the LM until
the desired lift-offtime

AIRLs ] (n mi) Correction to the landing site radius (PGNCS)

IREs [ (ft) Landing site radius (AGS)

/-
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Table 2. Summary of Nominal P57 Alignments

• Alignment Technique i, Option 3 (TD + 20 rain}

a) Objective is to measure gravity vector.

b) Gyro torquing angles are displayed to crew, but
torquing is not enabled.

c) Gravity error angle displayed in V06N04 indicates
tilt of the LM.

• Alignment Technique 2, Option 3 /TD + 30 rain)

a) Gyro torquing angles displayed in V06N93 indicate
drift since pre-l°DI alignment.

b) R_.LS is calculated using the gravity vector mea-
sured in AT-I.

c) The above alignment is repeated to provide data ,for

ground determination of RLS.

• Alignment Technique 3, Option 4 (T(Align) = TIG I (LO - 2 hr 30 rain)

a) This alignment is done in preparation for use
of RR in P22.

b) The gravity error angle displayed in V06N04 is a

good check on LM tilt resulting from settling since
the AT-1.

• Alignment Technique 3, Option 4 (T(align) = TIG) (LO - 45 rain)

a) This is the lift-off alignment.

b) The gyro torquing angles displayed in V06N93 are a

gross drift check since the previous AT-3 alignment.
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P_ Table 3. Alignment Sequence with Degraded AOT Visibility

, , AOT Capability Systems Checkou t Actual Countdown

Two celestial bodies !-Z-2 3-3
available

One celestial body i-3 ' 3-3
available

No celestial body i-'.[ i-i
available

Zi'



Table 4. P30 Maneuver PAD

P30 MANEUVER

PURPOSE

SET STARS / PROP/GUID

+ WT N47

R ALIGN 0 0 PTRIM N48

P ALIGN 0 0 YTRIM

Y ALIGN + 0 0 HRS GETI
+ 0 0 0 MIN N33

+ 0 SEC

ULLAGE AV X N81

aVy

zxVZ

X X X R

X X X P

X X X Y
4

+ HA N44

Hp

+ AVT

X X X BT
HORIZON/'M/IN DOW N

X AVC

X X X X SXTS

+ 0 SFT

+ 0 0 TRN

X X X BSS

X X SPA

X X X SXP

OTHER 0 LAT N61.,,
LONG

+ RTGO EMS

+ VI0

K GET 0.05G
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Table 4. i°30 Maneuver PAD (Continued)

Note s

• PURPOSE is the name of the maneuver

• PROP/GUID is propulsion and guidance selected

• WT is the CSM weight (Ib)

• 1OTRIM and YTRIM are respectively the pitch and yaw trim S1OS gimbal

angles (deg)

• GETI is the time of ignition

• HVx, HVy, HV z are the 1O30 velocity to the gained components in local
vertical coordinates (fps)

• K, 1O, Y are the IMU gimbal angles at the time of ignition for the
maneuver (deg)

• HA, HI) are the altitude of apogee and perigee, respectively above
launch pad radius (n mi)

• HVT is the total inertial velocity impulse (fps)

• BT is the burn time (min:sec)
.f

• AVC is the EMS AV counter input

• SET stars are for backup GDC align

• RALIGN' PALIGN' YALIGN are the backup GDC or IMU alignment

angle s

• SXTS is the sextant star to be used for the SC ignition attitude
check.

• SFT is the sextant shaft angle for the SXTS (deg).

• TI_N is the sextant trunnion angle for the SXTS (deg).

• BSS is the boresight star for an ignition attitude check using the COAS

(as required).

• SPA is the BSS pitch angle (COAS) (as required) (deg).

• SX1O is the BSS X position (COAS) (as required) (deg).

• LAT and LONG are, respectively, the latitude and longitude of the

resultant landing point following the abort maneuver (deg).

• RTGO :'kSthe range to go for the entry maneuver (EMS) (n mi).

• VIO is the EMS inertial velocity for the entry maneuver (fps).

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

_ The last five items of the maneuver PAD are essentially an abbre-
viated entry PAD.
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Table 5. PAD Data for LM Ascent

LGC

i. TIG (hr:min:sec)

2. V H (ftper sec)

3. CROSSRANGE LOAD 8 MILES IF CROSSRANGE
> 8 nautical miles

4. R

5. P FDAI Reading at TIG (deg)

6. Y

7. TIG (CSI) (hr:min:sec)

8. TIG (TPI) (hr:min:sec)

DEDA

9. 047 (octal) (as required)

i0. 053 (octal) (as required)

II. 225 and 226 (ft)

D efinitions

TIG Time of ignition for ascent

V H - LM horizontal velocity at insertion

Crossrange The distance between the LM orbital plane _fter ascent

injection and the LM position vector on the lunar surface

P

Y - Pitch, yaw, and roll on the FDAI
R

TIG (CSI) - Time of ignition for CSI

TIG (TPI) - Time of ignition for TPI

047 + XXXXX - (sin of AGS azimuth for lift-off)

053 + XXXXX - (cos of AGS azimuth for lift-off)

225 + XXXXX - AGS lower limit of c_L

226 + XXXXX - AGS upper limit of c_L
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Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities

CSM LM

Time (hr:min) Time (hr:min)

POSTTOUCHDOWN PHASE POSTTOUCHDOWN PHASE

Touchdown = 0:00 Touchdown = 0:00 Depress Engine Stop button

Monitor FDAI for tilt over
abort

Push PRO on the DSKY to

prevent RCS firings

Mode Cont (PGNCS) - AUTO

Descent Engine Command
Override - OFF

u_ Engine Arm - OFF

Enter 413 + 10000 on DEDA

for AGS lunar surface

confirnation

First stay/no-stay decision

0:03.5 T I

Turn LR off

Load AGS LM state Vector

(414 + 20000)

Enter AGS Lunar Align
(400 + 40000)



Table 6. Abbreviated Timeline of the Lunar Stay G &N Activities (Continued)

CSM LM

Time (hr:min) Time (hr:min)

Select P68, Lunar Surface

Confirmation Program

Select Pl2, input lift-off

time from pre-PDl pad

0:07 Exit AGS Lunar Align and

enable guidance steering
(400 + iO000)

Second stay/no-stay deci-
sion (for one CSM
revolution)

o_ 0:i0 Set CMC lunar surface flag 0:09 T2

(V44) Mode Cont (AGS) - OFF

Mode Cont (PGNCS) -
ATTITI)DE HOLD

0:15 Select P52-IMU realign to 0:15 Perform AGS Lunar Surface
pre-PDI REFSMMAT Gyro Calibration (400 +

60000)

Set AGS insertion altitude

rate to 32 feet per second
(address 465)



)

Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM LM

Time (hr:min) Time (hr:min)

0:20 Select P57, AT-l, option 3 -
gravity measurement with
no gyro torquing

Crew survey estimate of

RLS voiced to ground

0:30 Select P57, AT-2, option 3 -
align IMU to pre-PDI
RESFMMAT using two
celestial bodies. Compute

w updated RLS. Repeat the
above.

!:00 Align AGS to PGNCS
(400 + 30000)

Store th_e updated AGS azi-
muth (413 + t0000)

Readout AGS azimuth

(address 047 and 053) to the
g round

Enter AGS insertion tar-
geting (225 and Z26 for
9 x 45 insertion orbit}

Receive uplinked RLS (if
different from onb-0ard) and
CSM state vector (TD + 1:40}



Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSIVI LM

Time (hr:min) Time (hr:min)

1:20 Confirm stay/no- stay for 1:20 Confirm stay/no- stay for
nominal lunar stay lunar stay. Receive recom-

mendation of best guidance

Receive LMRLS and CSM system for launch
state vector (TD + i:40)

1:45 Select i°22 - SXT tracking of 1:45 Select i°22 - RR tracking of
landmark CSM

2:00 10ower down the RR. AGS,

LGC, and IMU to STANDBY

0o
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Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM LM

Time (hr:min) Time (hr:min)

LUNAR STAY PHASE LUNAR STAY PHASE

7:30 Receive uplinked CSM (Periodically update the
state vector and REFSMMAT CSM state vector in the

for plane change. Also receive LGC during the lunar stay.
P30 data and maneuver PAD This state vector is time

update, tag biased so that it will be

8:00 Select P52 - IMU align to pre- correct at the nominal lift-
ferred REFSMMAT off time}

$
9:?-0 Perform plane change burn

(Revolution i 9 )
..o

10:00 Receive lift-off REFSMMAT,
pulse torque to lift-off
REFSMMAT

If GNCS fails, perform plane change with SCS on a later revolution.



Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM LM

Time From Time From

Lift- off (hr:min) Lift- off (hr :min)

PRELAUNCH PHASE PRELAUNCH PHASE

-3:40 Select P52 - IMU align to

REFSMB&AT uplinked after

plane change

-2:55 Power up the AGS and
PGNCS

Receive uplinked CSM state

vector (LO) and_RLs

Perform RR self test (V63)
O

-Z:30 Select P57, AT-3 option 4 -

align IIVIU to landing site

REFSMMAT (T(align) = TIG)

Align .&GS to PGNCS after

completion of P57
(400 + 30000)

Perform AGS gyro calibra-
tion (400 + 60000)

Align AGS to PGNCS
(400 + 30000)

Store AGS azimuth

(413 + 10000)

Read azimuth data (047 and

053) to the ground



Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM LM

Time From Time From_

Lift- off (hr :rain) Lift- off (hr :rain)

-2:05 Select PZ2 - SXT tracking of -2:05 Select PZZ - Lunar Surface
LMK Navigation Program, track

CSM in no update mode.

Turn RR off

Initialize AEA time bias

and perform CDU zero with
AGS state vector update
(V47 and 414 + iO000)

-1:40 Receive PZ7 update - lunar
surface flag reset, CSM state
vector (LO) and nominal LM
insertion vector (time tag is
insertion +i8 rain)

-1:30 Select P5Z-IMU realignto -1:30 Receive ascent PAD
REFSMMAT Load AGS ascent PAD values

Verify AGS ascent
parameter s



Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM LM

Time from Time from

Lift-off (hr:min) Lift-off (hr:min)

-0:45 Select P57, AT-3,

option 4 - align IMU to
t(align) REFSMMAT at TIG

Align AGS to PGNCS
(400 + 30000)

Store updated AGS azimuth
(413 + iO000)

u_ Read AGS azimuth (047 and
r_ 053) to MCC-H

Receive LGC gyro compen-
sation (if necessary)

-0:30 Enter AGS lunar align
-0:20 Maneuver to preliminary (400 + 40000)

tracking attitude (R = 0 degrees,
P = 301 degrees, Y = 0 degrees) Select P12 - load PGNCS

ascent targeting parameters

-0:10 Select P22 and ORB RATE attitude -0:i0 Initialize AGS state vectors
control in preparation for SXT from PGNCS downlink
tracking of the LM (DEDA 414 + 10000 and



Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM LM

Time from Time from

Lift-off (hr:min) Lift-off (hr:min)

-0:02 Exit lunar align and enter

AGS guidance steering

(400 + iO000)

-lO sec Arm ascent engine and

press Abort Stage button at
TIG -i0 seconds to enable

LGC redundant engine on

circuitry and staging.

L_
t_

$If AGS is used for lift-off, verify Guidance Control switch in the AGS position and the AGS Mode Control
switch is in AUTO. Verify that Engine Stop button is not depressed, and then depress the Abort Stage button
at TIG.
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REV15 (_)
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!

LANDING
SITE SUNLIGHT

TSTD*
I. 0:I0 • SET CMCLUNARSURFACEFLAG (V44)
2. 0:15 • P52-1MU ALIGN TO PRE-PDi REFSMMAT

EARTH 3. 1:20 • RECEIVEBESTLM-_LS
• CSMSTATEVECTOR(TD + 1:40)

4. 1:45 • SELECTP22, PERFORMSXT SIGHTINGS
ON LANDMARK

5. 7:30 • RECEIVEUPLINKEDCSMSTATEVECTOR
AND REFSMMATFORPLANECHANGE. ALSO
RECEIVEPADDATA.

6. 8:00 • SELECTP52, IMU ALIGN TO PREFERRED
REFSMMAT

7. 9:20 • PERFORMPLANECHANGEBURN
• TSTD IS TIME SINCETOUCHDOWN(HR;MIN) 8. I0:00 • RECEIVELIFT-OFF REFSMMAT

• PULSETORQUETO LIFT-OFF REFSMMAT

Figure i. CSM Activities on Touchdown Day



z_REV 31

REV30 _ _ AOS
"" _ _ REV29

SITE SUNLIGHT

EARTH
I. -3:40 • SELECTP52, IMU ALIGN TO

LIFTOFF REFSMMAT(THE REFSMMAT
UPLINKEDAFTERTHE PLANECHANGE)

2. -2:05 • SELECTP22, PERFORMLMKSXT
SlGHTINGS (LM TRACKSWITH RR)

3. -1:40 • RECEIVEP27 UPLINK- LM
INSERTIONVECTOR,CSMSTATE
VECTOR,LUNARSURFACEFLAG
RESET

4. -1:30 • IMU REALIGNTO REFSMMAT
5. -0;06 • P22 SXT TRACKINGOF LM

* TFIN IS TTMF FRNM ITFT-hFF(HR_MIN_ 6. n.nn _ ITET_nEC........................ • .......... • -_ v°vv 6AL J-vJ J

Figure 2. CSM Activitieson Lift-offDay



HR:MIN CDN LMP MCC-H ORp MR:MIN

SINGE T_ENO0_ _ SI_E TOUCHDOWN

I ITERMINATE DPS

ENGINE THRUST _:00
O:O0

(PDI+II-3/4 MIN) | (PDI+11-3/4 MIN)
POSTTOUCHDO_ PRASE

ITILT OVER ABORT DECISION
-- I

NOTE AR

(OPTIONAL)

l ISPLAY AGS Iall DIRECTION COSINE

NOTE AA

COHMUNICATIONG

ATTITUDE COlfrINUGTO TILT OVER LIMIT
MONITOR all PENDING

MCC-H RESPONSIBILITY: GAEC

[_ DATE AVAILABLE: 24 GUNE1969 I

REFERENCE: I0

CONTINUE

I _; I CONTINUE I

MONITOR PGNCS
GIHBAL ANGLES
AND AGG DIRECTION

COSINES (COARSE
EVALUATION OF

FONGG FOR "GLITCHES")

LM STABLE ON LUNAR SURFACE I

i

I



COB LHP MCC-H CMP

t

I PUSH FRO ON DSKY

TO PREVENT RCS
FIRINGS

!
MODE CONTROL (PGNCS)-AUTO
DES,ENG,CMD,OVRD,-OFF
ENGINE A_M - OFF KEY 413 �10000INT0 THE

DEDA. THIS ENTRY:

• STORES AGS AZIMUTH
• SETS AEA LUNAR SURFACE
FLAG

• I_IBITS ACCELERONET£R
CALI_ATI_

OO

E PERFORM SYSTEM STATUS CHECKS DURING THE FIRST I TO 3 MIN AFTER TOUCHDOWN

I FIRST STAYON NOSTAY DECISIRM(STAYON SURFACE)

1

ABORT STAGE -

LIFT-OFF BEFORE
PDI + 15 MIN

!

I I NGTIFYCREH

TO REMAIN ON
• LUNARSURFACE

FORANOTHER5
MIR

8

L



FIRST DECISION IS TO STAY (UNTIL CDR LMP REC-H C_qP

0:05

0:05 I

STAY - CREWPERFORMSPOSTLAHOINGCHECKLIST
• TURNOFF LR

KEY IN 414 "_ 20000 I

TD INITIALIZEAGS
KEY IN NG8lO: STATEVECTOR

"ENDAVERAGEG I
"FJO _ NGI(ITOR I
•SET LUNA_SURFACE tANOAF_FLAG

•DISFt.AYL&TITORE I [

LONGITUDE,ALTITUDE ENTERIN DEDA400 �40000
"STOP,E Lfl ATTITtREE FORAGSLUNARALIGN
"STOLERLS IN NOON-
FIRED CGG_D1NAT£S

t,_LECT MIN IIqPLILO_
• ZEROATTITUDEE_

8

I SELECTPIE, AND INPUT

LIFT-OFF TIRE PDI +
20-3/4 RIN FROM
PRE-OOIPA9

_C) KEY IN 400 + 10000
TO EXIT LUNARALIGN
ANDENABLEGUIDANCE
STEERING

1 ' I 'SECOND STAY OR NO STAY DECISION

J LIF'F-OFFWITH PIR

LIFT-ORF AT PRE-
FERREDTIRE
(=PDI + 20-3/4 MIN)

I NOTIFY CREW TO REMAIN 1J ON LUNARSURFACEFOR

• AT LEASTONECSH
REVOLUTION

O;lO READOUTTHE CONTENTS O:lO
MODE CONTROL (FGNCS)- ATT HOLD OF DEDA ADDRESS 047 AND SET CRE LUNAR SURFACE
RODE CONTROL (AGS)- OFF 053 (AGSAZIMUTH DATA) FLAG (V¢4)

TOTRE GROUND

t t f



COR LMP MEC-N CHP

O:IsEYSTI)ISCHECKOUTPHASE 1 |1 1 1 O:15

I SELECTLANARK I PERFO_ AGS LUNARSURFACEGYRO

FOR LH SETTLING CALIDRNTION(DEDAENTRY
REFERENCEAND 400 + COCO0)
NARKWINDOW

_F_T_ OED_D _VNO TORQUING

ADGLES_ ANDVDIOE TO NOE_H_
HERIEV RGS IHSIRT1Del TARGET CItECRACIONMENTHITD TRIRD STAR
PARAMETERH (A_RESS 23RI
_ O_D FT ANDENTER NDDT

_ORESS NH5) • 3E_O FRS NOTE R

D_2D _ *COBRERT NFI.UE RASEDDN D_RD

• SECECT FS7_ AT-I_ DRTIDH 3 I ESTI_TE IMU EAILDRI

ALID_NT TD PRE_FDI DRIFT RATE

OEF_RIAT _STOREO_IDVAXES • RESRDRSIDILITV_ HIT
ANO GRAVITY)

e RECORDGYROTORQUINGANGLES
• RECORD VEHICLE TILT
• DO NOT ENABLE IHU TORQUING • DATE AVAILABLE:E7 JUNE 1960

• REFERENCE:ll

THEIR CONFIDEREEIN THIS ESTIMATE MESSAGE

_" 0:30 1 1 0:30
RECEIVEANDRECORDPGNCSAND I

$ SELECTP57. AT-E, OPTION 3 AGEGRAVITYVECTORS: THE GRAVITY

IALIGNMENTTO RRE-PDI
VECTORSAREUSEDTO DETERMINELH

REFSNMAT(3 MARKSON POSITION. HAKERECON_RDATIOR

EACH OF TWO STARS)* OF ORBOARD _LS UPDATE,
• RECORDOlEO TORQUING ANGLES

• UPDATE _LsR IF MCC-H
RECOI'RIEHDS y GNCS GYRO])RIFT

• ) ,

IF ONLYONE CELESTIALBODY IS RECEIVEAT-R SIGHTING _TA_
0:40 AVAILABLE,SUBSTITUTEA TECHNIQUE3 REFSHNAT,AND I_ GIRBAL ANGLES 0:40

ALIGNMENTFOR TECHNIQUE 2. FOR LM POSITION DETE_4INATIDN

_IDS FAIL

• SELECT1157,AT-D, OPTION3 1

REI_ENT TO I_E-PDI

REFSN4AT(3 MARKSOR 0:50
0:50 EACHOF TWOSTARS)*

• RECORDOYRDTORQUIEGANGLES

' UPDATE R-LSIFMCC-H ] I
• RECOMMENDS PROCEED

I :DO (DEDA ENTRY400 +OOOUO) BEIWEENAGEAND ROBESBY
OBSERVINGGIRDALANGLE
DIFFERENCES

1 ]



CDR LM_ MCC-H CMP

STOGIEI'_ UPD._TED._GS 1

AZIHUTH_ DED,_ENTRY
OF 413 �10000

t
READOUTTHE CONTENTSOF DEDAADDRESSES I
047 AN[)053 lAGS _I_TH D,_T.I_)TO THE

GROUND

PGNCSDRIFT TEST USING PRE-PI)I REFSN_T

PGHCSAttD ._S SENSE IHZRTI.II. I 1 1

._TES. VOICETO MCC-HALL"tHE
GYROTO_IUING AHGLES.AOTS]G_IIING
DATAA_IDG_VITY VECTORD]FFERE_ES

rNOTE8 . _ PLAN TO USE I

I • CURRENTVALUEBASEDON: ._S FOIl _CE_"
EST]_TED ]MU •
FAILUREDRI_'T _TE

• REsPOHsIBILZTY:
_tIT YES

• DI_TEAVAILABLE: 27 JUNE 196g I_ •

I o.soEGToL.M'TS_ $U_I VECTORS_IER£ I/SED
"_ AT-2 (RSS OF _IIIH-SIIN

_ | MEASII_ENT ACCURACy)
I.

k._IDING SITE D_£1_tI[NATION

USE A C_IIHATION OF THE FOLLOW_
[NG N_.TATO OBTAINBEST £STIM._T£
OF _ _SITI_

g- BY 45-NAUT]fJU. • ACCELERO_TER.S31DLMATT]11JDE

OP,_IT (ADDRESSES225 _ DATAACqUI_D NIR[_IG_CSAND 226) _ID A_ .I_[Gmt[NTS

• ADJUSTED_NCS ANDA_ NAVIGATED
STATEVECTOR

• A_IUSTEDP_ STATEVECTOR

• CREWSURVEY._D _P



COP LMP MCC-H CMP

I I i I
*+° I +++°-**+°+'+ I '+°

I

I++vA++K,• _LS (GROUND BEST ESTIMATE) RECEIVE P27 CMC uPDATE
• CSM STATE VECTOR (TD + 1:40)

I TURNON RR J ORIENT VEHICLE J

TO PERFOm4

SXT SIGI'_'Ii ON L_K_ 1:45

SIELECTP22°LU_R RECEIVEI_INLINK SELECTR22 - PERFOml
SURF,M;Et_VIGIITI_I LAI_II_RKTRACKING
PROGRAM+ TRACKCSM QPTIC5 ANGLER
1NIIOU_TE _E C_I I_II61HB_._gLE$

MMK TIMES

U1 IMNGEi_ RANGERATE
ImJGIN_,L_LES
_K TINES

I'T+°+_ J I +_++ J ++2_ • IMU ANDLGC TO STANDBV



!' )

CDR LI4P MCC-H CMP

LUNARSTAYPI_SE

r

I £_U.CULATEPIPA BIAS, I

SC IN FREE DRIFT

PI[PA8[.qS UPDATE _

_" INOTEoC ! _

_'_ I o CURRENTVALUEII_-SEDON
PIPA
UPDATEL]H;T | |

RESP_qSIIR_L ITY_ _'iSEC2 I

MIT _IOT_ C

• DATE A_ILABLE_2T JURE 1R69 _

J REFEREtlCE_ 11

UPDATEOIAS TERNS I_tICIt ___ I

EXCEE/)LIHIT_ IE RI_ IS
GREATERTHANO_lf_ n'IDED 2 PROCEED
GNCS HAS FAILED | I

l

! i

7:30 I LOADVZA UPLINK: LIPLZRR I RECEIVE P27 7:30• PREFERREDREPDNI4ATFOR • CMCUPDATE
t IPLANECHANGE(SELECTED

SO THATFDAI AtWd.ESREAD |
I (O,O,O) AT BURNA'[TITUDE

]
• CSHSTATEVECTOR

I° _s



CDR LHP MCC-H CMP

I VOICEPtESS,_E: VO%CE - I RECEIVEAND 1

o PLANECHANGEPAD RECORD

(TABLE4) !

8:00 SELECTP52 ALIGNIHU I 8:00
TO PREFERREDREFSHHAT I

I

PER_OD|CALLYUPDATE ]
THE CSNSTATEVECTOR V

IN THE LGCDURING I " ]

THELUELABSTAY SELECTP30 EXTERNALAV
PERFORMTARGETLOADCHECKS

' l
l

SELECTP¢O (SPS) T_UST I
PRC_4, ENABLEAUTO INANEOVERTO BURN
ATTITUDE

NANeALLYROLL 1
$C TO PAD IGINGNL ANGLE

1
I

SET '_VCI_ _4S I
• V COUNTER I



/

COR LMP MCC-B CMP

1
IGNITIONATTITUDE CHECK I

t .......

1 I SELECTPB2 _D USE AUTO- IOPTICS WITH SXTDCODE
! J

NOTE D @e CURRENT VALUEBASED ON I

ESTINTE OF
ALLOWABLE POINTING ERROR

• RESPONSIBILITY: NO
MIT

• DATE AVAILABLE: _ I
• REFEREI_CE: | ASSESS PROBLE]_: PERFOR/_BURN IAPOLLO 8 PROCEDURES I LATER WITH SCS IF NECESSARY

PROCEED l

I ALIGNGDC TO O,O,O,'UNCAGE I

I ,_'BI 1

I 9:209:20

I VERIETORNI E.PNED EI
DO NOT TRIHIRESIDUALS

IO:OO _ LOADVIA UPLINK _ RECEIVEP27 CJ<CUPDATE _ lO:OO

m

I LIFT-OFF REFSMMAT i .i I

I SELECTP52 IHB ALIGN ,PULSE I

TORQUETO LIFT-OFF REFS_4AT
(NO FINE ALIGN)

1



TIME FROM LIFT-OFF
COR LMF M!CC-R CMP

PRELAUNCHRMASE t

-3:40 J -3:40

I SELECTPSE, IMU ALIGN TO LIFT-OFF

REF_4MAT(UPLINKEDAFTERPLANE IC_K,GE)
'-2:55BEGIN CO_INTDORMFOR LN LIFT-OFF -E:S5

r

RORERUFF CS] l  HERURA S1t LOADVIA UPLINK I1

RECEIVEP27 UPDATE- / UPLINK e CSK(LIFT.0FFSTATEVECTOR_2;20/I

CS_4STATE VECTOR J • • _LS J

PERFORMAG$ AND PONES SYSTEM TESTS

o',

-?:30 -2:30
l g

SELECT PS7, USE AT-3 TO LAKDING SITE l TORN ON RR AND PERFORM RE SELF TEST J
OPTION4) J I
• T ALIGN) " TIG I
• RECORDGYROTOROUINGRMGLES |

r

o RECORDGRAVITY VECTOR OIFFERENCE l ALIGN AG$ TO FGNCS J

I (400 + 30000) I

' I IORIENT VEHICLE TOI PERFORMAGSGYROCALIBRATION _ • PERFORM$XT SIGffTINOS ONLMK
(OEOR ENTRY OF 400 + 60000) • POSITION RR TRANSPONDER FOR

LM RE ACQUISITION

JALIGRAGS TO PGNES J 1
(OEOR ENTRY OF 400 +30000)

':_ ISELEETF_2"LORARS_RFREEHAVIOATIONI I I "':_PROGRAM,TRACKtSM IN THE NOUPDATE ] Sr_ELFCu_TPEEoP_R_Ou_rSSXTSIGHTIHGS

I .oDE(SYSTEMSTEST). I I I ..................... I
AZIHUTH_(DEOR ENTRY
OF 413 + I0000)



CDR LMP MEE-U °CPP
I I

PRELAUNCNPGNCS DRIFT TENT _ PRELAUHCH PGNGN AND A6S DRIFT CHFE_

1 USE AG5 I

I FORASCENT I 1YES

USE AGS FORLAUNCHIF BYROTORQUING AGSGYRONGICATEINU <2,0
MCC-HAGREES c1,5 DEG/HR NOTEE

YES I

J RECOMMENDNEST SYSTEHFOR I ]

LIFT-OFF AT NEXTOPPORTUNITY

PERFORMAT-I ALIGNMENT PGNCSCONTROL
CLOSETO LIFT-OFF TIME AGSCONTROL
(TIG-lO MIH) NOTEE MAHUALCONTROL

I DOMOTUSE AGS FOR I
ASCENT MONITOR

i PROCEED I I

NECONMENGAT-1 ALIGNMENT I I

CLOSETO LIFT'_FF TIME
NOTE F (TIG-IO MIN)

O0

PROCEED

NOTE E NOTE F

I • CURRENT VALUE BASED OH ] * CURRENT VALUE BASED OH:ALLOWABLE]

I ESTIMATEOAGNFAILURE I FLIGHT-PATH ANGLE ]
DRIFT PATE ERROR AT INSERTION

• RESPONSIBILITY: TRW * RESPONSIBILITY:

• DATEAVAILABLE: 27 JUNE1969 • DATEAVAILABLE:

• REFERENCE: 11 • REFEREHCE:DATA PRIORITY MEETING

UPDATELGC GYRO J

RECEIVE GYRO COMPENSATION (IF
COMPENSATION NECESSARI



/

C_ LNP NCC-N CRp

° I i
READAGS AZIHUTH RECEIVE VOICE
DATA(047 AND053) _ MESSAGE
TO MCC-H

TURNOFF RN INITIALIZE ADS TI_ (K • 130 HR)
ANDPERFOR_STATEVECTORUPDATE I RGCORDTIME BIAS I

V47 AI_D414 + ICO00
VOICE ACTUALT MEB AS TO REC-H

-1:40

• LU_R SURFACEFLAGRESET
e C_N STATEVECTOR RECIEVEPE7 CNGUPDATE
• NGqIDALLVI INSERTIONVECTOR(INSERTION

+ 18 MINI

l
RECEIVEANDRECORD _ e ASCENTPAD (TABLE5)

, IBLsI(AODRESS 231) SELECTeSZ, II,IJREALTORTO REF_44AT
e LOAD VALUE FOR 8J AND 9,1

J (ADDRESSES 225 AND 226)

VERIFY THE FOLLOWIRGQUANTITIES:
e _6" O,O (547 - +O00CO)

Jl AGEINSERTION TARGETING,

H • EOCCOFTARG
NGOT" 32.0 FTJSEC
(A_ORESSES232 AND465)

e 40 S-BA_ CO_[_J#(ICATION

YAMV_]_EUVERREQUESTED
(623 " ',00000)

• ORBIT INSERTIONNOOE

{410 " +00000)

SELECTes7, PERFO_IAT-3 ! ]

-0:45 ALI61_ENT (ADT + D) TO
LANDIRGSITE (OPTION4)
• RECORDGYROTOI_AJIRGANKLES
• RECORDDRAVTTYVECTORDIFFERENCE

• TL • (TALIGN) - TIG (TABLE 2)

' i ALL_ /'G$TO FGNCS i
(400 + 30000)

l
[ STORE  DATEOA SAEI T"i

(413 + IO000) I ' *1

RECEIVEANDRECORDADS AND
PGNCSALIGNHENTDATAFORDRIFT
TEST

/ ,



COR LMP MCC-H CNP

LE ER'GS DODJ I
-0:311

-0:30 ALIGN ( 400 + 40000) NGNELIYERTO I_RTIAL
ATTITUDE FORSXT
TRACKINGOF LN:
R.O°p = 301 ° y.O °

-0:20 [ SELECTPtZ" - LORDPGNGS l I -0:20
ASCENTTARGETINOPARAMETERS I

I ] riCE[ jRECEIVEMESSAGE _ SENDREDONNENOMTIOASOF
THE BESTsYSTEMFORLIFT-OFF

J SCLECTORB I
RATENODE

-O:lO LN STATEVECTORS(FROM -O:lO
LM ORW_LINK)(DEDA414

+ 10000 AND DSKYV47) I I

SXT TRACKING

OF LM IN P22

-0:02 I ENTERAGSGUIDANCESTEERIUDANG ] 1 _ -0:02EXIT LUNARALIGN I )EOR4UD + 100001 -

_ D_ITI HIIE m ITRACKU1

IUSINGNINI_
IMPULSECONTROL
N ,_INrT4I_ l

LINE OF SIGHT J

AF#P ASCENTE GIBE AND
PRESSABORTSTAGEEC$TTOM
AT TIG - lO SSC TO ENABLE
REUDNDANTENGINEOff CIRCUIT
ANDSTAGING

l *IF AGSIS USEDFORLIFT-OFF, VERIFY

GUIDANCECONTROLSWITCHIS IN THE
AGS POSITION ANGTHE AGSNGHE
CONTROLSMITDH IS IN AUTO,MANUALLY
UPDATETHE NGSSTATEVECTORSAT TIG -
50 NIN. VERIFY THAT"ENGINESTOP"
BUTTON1S NOTOEPHESSCOAND THErl
DEPRESSTHE ABO_TSTAGEDL_ON AT
TIG.

I ASCENTPROCED(3RES J

1 1 1 l
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