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FOREWORD

This Lunar Surface Mission Techniques Document is
oneof severaldocumentsdescribing the H-2 mission (Apollo

13). The others are as follows:
¢ T.aunch Aborts

® Earth Parking Orbit and Translunar
Injection

® Translunar Midcourse Corrections and
Lunar Orbit Insertion

e ILunar Descent
e Descent Abort and Subsequent Rendezvous
e Manual Ascent

e Powered Ascent

e Lunar Orbit Activities

e Transearth Injection, Midcourse
Corrections, and Entry

e Tracking Data Selection Controllers
Procedures

e Contingency Procedures

These documents contain the officially approved guid-
ance and control sequence of events, the data flow, and real-
time decisionlogic for the H-2 mission., The purpose of these
documents is to insure compatibility of all related MSC and

supporting contractor activities.

For eachmission phase, a Data Priority Working Group
has been establishedunder the direction of Chief, Apollo Data
Priority Coordination, ASPO. These groups, whichare com-
prised of representatives of MSC and support contractors,

hold frequent meetings to coordinate their various associated
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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 ASPQ, E&DD, FCOD,
FOD, GAEC, MDC, MIT, NR, and TRW, a document such

as this one is issued.

This is the final issue of the Lunar Surface Techniques
Document. The missiondependent data limits and trajectory
parameter values are applicabi-e 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 acquisi‘tion of signal

AOT alignment optical telescope
APS ascent'.pl.'opulsion system
ASA abort sensor assembly

AT P57 alignment 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 deita height
CDR commander

CbhU coupling data unit

CMC command module computer
CMD command

CMP command module pilot
COAS crew optical alignment sight

CONT control

CS1 coelliptic sequence initiation
CSM command service module
DAP digital autopilot

DEDA data entry and display assembly -
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NOMENCLATURE (Continued)

DES
DPS
DSKY
EMS
ENG
FDAI
FDO
g
GDC
G&N
g.e.t,
GETI

GNCS

Hdot

IMU

LAD

LAT
LGC

LM

descent

descent propulsion system
display and keyboard
entry monitoring system
engine

flight director attitude indicator
Flight Dynamics Officer
gravity

gyro display coupler
guidance and navigation
ground elapsed time
ignition time (PAD data)

CSM guidance, navigation and control
system

AGS insertion altitude

‘altitude of apogee and perigee, respec-

tively, above lunar landing site radius
(PAD data)

AGS insertion radial rate

inertial measurement unit

AGS time bias

LM attitude determination program of
RTCC

latitude
lunar module guidance computer

lunar module



NOMENCLATURE (Continued)

LMK
LMP
LO
LONG
LOS
LR

LSD

MCC-H

MSFN

NAAF

ORB RATE

OVRD

P

P12
P22
P27
P30
P40
P52
P57

P66

landmark

lunar module pilot
lift-off

longitude

loss of signal
landing radar

landing site determination program of

RTCC

Mission Control Center - Houston
Manned Space Flight Network

noun

CSM orbital period plus the nominal time
interval from the time the CSM passes
over the LLM until the desired lift-off
time (PAD data)

orbital rate attitude control mode
override

CSM orbit period (PAD data)

Ascent Program

Landmark Tracking Program

CMC, LGC Update Program

External AV Program

SPS Thrust Program

IMU Realignment Program

LGC Lunar Surface Alignment Program

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

P68
P71

P Y

TRIM’ ~TRIM

PAD
PDI
PrP

PGNCS

PIPA
PRO
RO5
R11

R P

ALIGN, Y

ALIGN
R, P, Y

ALIGN’

RCS
Rdot

REFSMMAT

RHC

Ris

RR
rss

RTCC

RTGO

Landing Confirmation Program
APS Abort Program

pitch and yaw trim SPS gimbal angles
(PAD data)

data voiced to crew from ground
powered descent initiation
RTCC Powered Flight Processor

LM primary guidance, navigation and
control system

pendulous integrating pulse accelerometer
proceed

S=band Antenna Routine

Abort Discretes Monitor Routine
backup GDC or IMU alignment angles

roll, pitch, and yaw gimbal angles (PAD
data)

reaction control system
PGNCS insertion radial rate

transformation matrix from basic refer-
ence system to IMU coordinate system

rotational hand controller

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

rendezvous radar
root sum squared
Real-Time Computer Complex

range to go

xii



NOMENCLATURE (Continued)

SC
5CS
SE'T
SPA
SPs
SXP
SXT

SXTS

TRN
TD
TFLO
TIG
™
TPI

TSTD

Vg

spacecraft

CSM stabilization and control system
sextant shaft angle

COAS BSS pitch angle (PAD data)
service propulsion system

COAS BSS X-position (PAD data)
sextant

sextéﬁt star

same as t

L

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

lift-off time for the second and third pre-
ferred lift-off times, respectively, after
touchdown (PAD data)

time corresponding to landing site
REFSMMAT

sextant trunnion angle
touchdown

time from lift-off

time of ignition
telemetry

terminal phase initiation
time since touchdown
verb

velocity to be gained

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
YGTA X-, Y-, Z-gyro torquing angles
ZGTA

o semimajor axis

AT time interwval

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)
Ab AGS azimuth correction
87 AGS lower limit of insertion orbit

semimajor axis

9F AGS upper limit of insertion orbit
semimajor axis
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1. 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.



2. DISCUSSION OF THE FLOW DIAGRAMS

2.1 POSTTOUCHDOWN PHASE

The posttouchdown phase begins when the LM contacts the lunar
surface. Touchdown is expected to occur at about 11-3/4 minutes after

powered descent initiation (PDI + 11-3/4 minutes).

For mission planning, the LM will not lift off during the time inter-~
val from approximately touchdown +9 minutes until approximately touch-
down +115 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 1 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 decision - 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
minutes (T;).
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 to PDI (Table 1).

Variable insertion targeting will be in effect through Ti;'the target
orbit for the T1 and 'I‘2 1ift- off times will be a 10- 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 mile orbit. The primary reason the



lower orbit was chosen for the T1 and T2 lift- off times is that 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 1). A lunar surface lift-off between touchdown
and T1 uses the nominal rendezvous sequence provided by variable inser-
tion targeting. A lift-off at the T2 opportunity, however, requires 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.

2.1.1 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 tilt is within the
abort limit of 30 degrees (GAEC recommended tilt limit). 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:

1) Stores the AGS landing azimuth for future
lunar align '

2) Sets the abort electronics assembly (AEA) lunar
surface signal

>::A.:m)t:her more direct indication of tilt may be obtained by displaying the
AGS a{{ direction cosine (DEDA address 1{30), which is the cosine of the
angle between the X-body axis and the AGS X -~inertial axis.
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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 P71

(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 P12:

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:

1) 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 alignment, so that in the event of a
lift-off at T2 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 (R11} and APS (P71)
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. ,) in lunar
. : —LS
fixed coordinates.

6) Display the LGC calculated R g 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, P12, and inputs the
desired lift-off time obtained from the pre-PDI PAD data (T2 in Table 1).
After exiting the descent program (P66), immediate lift-off is no longer

possible; the crew must use P12 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, if necessary.

Approximately 7 minutes after touchdown, the ground makes the sec-
ond stay/no-stay decision. For a stay decision the crew exits P12 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 AGS and PGNCS
systems checks, which include alignments of both systems. The alignment
data will be used by the ground to provide an additional estimate of LM

position on the moon.



This section is divided into the following four subsections:
a) ‘Alignments
b) Drift Checks
c) State Vector Updates

d) Determination of R; .

2.2.1 Alignments
The PGNCS lunar surface alignments (Table 2) 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 ' Desired REFSMMAT
1 (preferred) A previously uplinked REFSMMAT is
used.
3 (REFSMMAT) | The present REFSMMAT is used.
4 (landing site) A REFSMMAT is computed onboard

based on R; oo 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
1 LM Z-body axis and the measured
gravity vector
2 Two AOT vectors
3 AOQOT vector and the measured gravity
vector



When alignment technique 1, 2, or 3 is selected and the REFSMMAT
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 bétween,‘t':he old and desired REFSMMAT's.
The final alignment is made with the alignment vectors required by the
technique selected. The gyro torquing anglesl are a measure of the differ-
ence between the alighment obtained with AT -0 and the alignment using
AT-1, 2, or 3.

During AT-1 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 tilt since 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
tilt during 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 (I_{LS) errors
cause the alignment to be inaccurate with respect to the basic reference
coordinate system (BRCS). A gravity alignment (AT-1 or 3) for lift-off
will orient the IMU accurately with respect to the vertical, regardless of
BLS errors (assuming gravity anomalies are small). However, the mis-
alignment with respect to the BRCS would degrade the navigation accuracy
during rendezvous if not corrected. (Present plans allow for an AOT IMU
alignment (P52) approximately 5 minutes after insertion.) It.is believed
that the local gravity vectors can be measured more accurately than star

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



Approximately 20 minutes after touchdown, the crew enters P57 and
selects AT -1, 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 LM body coordinates.

Approximately 30 minutes after touchdown, the crew enters P57 once
again and selects AT -2, option 3. After the IMU is aligned to the pre-
PDI REFSMMAT, the crew requests the LGC to calculate the landing site
vector, Ry g The R; g 18 calculated from the gravity vector measured
in AT -1 (Reference 3) and it is displayed to the crew; MCC-H then deter-
mines if the displayed values should re.place the BLS 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, o processor of Reference 5, which is discussed
in Section 2. 2. 4.

After completion 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 + 10000} 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 rseparation. If no suitable celestial bodies are available, the AT
sequence'for systems checkout is 1-1, The alignment sequenc'e with

degraded AOT capability is summarized in Table 3.

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

ate

sk
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.



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 T3 is required.

2.2.2 Drift Checks

A LM IMU drift test, using gyro torquing 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 15 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 2. 0 degrees per hour then the gyro has
failed., The relative drift between the AGS and PGNCS is monitored after
the AGS to PGNCS align which follows the second AT-2 alignment.

2.2.3 State Vector Updates

For the first 1-1/2 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 - 10 minutes). The next CSM state vector is deter-
mined using the PDI pass data and is uplinked to the CMC 1-1/2 hours
after LM touchdown (time tagged at touchdown + 1 hour 40 minutes)
(Figure 1). The LM position vector (_l}LS) 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 + 10 minutes.
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The LM state vector in the L.GC 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 4 [R; o| from the pre-PDI pad (Table 1).

A value for B—LS will be computed in the LGC following each of the
AT-2 alignments. MCC-H will make the recommendation on the accep-

tance of the new R. o values for storage in the LGC.

LS
Approximately 1 hour after touchdown the ground will select a best

estimate of R; g and uplink this value to the LLGC with an updated CSM

state vector (time tagged at touchdown + 1 hour 40 minutes). A discussion

of the ground determination of R, . follows in Section 2. 2. 4.

LS
2.2.4 Determination of B_LS

It is planned that several data sources for BLS determination will be
available on the ground prior to the uplinking of the best value at approxi-
mately touchdown + 1 hour. The sources and their estimated three-sigma
accuracies are as follows:

Estimated Three-Sigma Accuracy
| ¢ (Latitude) A\ (Longitude) R(Radius)

—P:I g Source (ft) {(ft) (ft)
Adjusted PGNCS navigated 4, 800 2,300 -
state vector
Adjusted AGS navigated * * -
state vector
Adjusted PFP state 4,500 1,500 1,500
vector at TD
Map + crew survey - 6,000 1,500 i, 500

(9, 000 )H** (9, 000 )¥** (13, 500)*¥*
AOT + PGNCS gravity 13,500 13, 500 -
AOT + AGS gravity 18, 000 18, 000 ‘ -

"AGS accuracy is believed to be slightly less than PGNCS
b .
Crew estimation errors are not included
AR
Not well surveyed site (H-2 mission site is well surveyed)

11



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

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

S determination method (Reference 7) uses the gravity vec-

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 at PDI. 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 BLS will be computed by the
FDO from the vector equation:

R); = Bpprlpest T L Rrp); - Bppp;]

>k'I‘he PFP is an RTCC processor which uses doppler observations 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 cor-
rection is computed.

i2



where;

i = One of the following data sources:

a) PFP (LM powered flight tracking
data processor)

b) PGNCS

c) AGS

(R). = Source i's best estimate of Ry g (in selenographic
coordinates); this estimate will be available after the
second stay/no-stay decision and before TD + 1:00 (hr:min).

(BPDI)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 AQOS to PDI for inplane information
while constraining the LM plane to the ""best" plane
available determined by Data Select. |

‘(BTD)i = Source i's value of R} g at time of TD obtained as hard

copy of RTCC on-line output and pneumatically tubed
to FDO.

- Source i's estimate of LM position (in selenographic
coordinates) at time of PDI. These three vectors as
well as (Rppilpest Will be made available to FDO on
the vector comparison display.

The choice of the best estimate for Ry g at touchdown + 1 hour will
be a real-time decision based on the data which were processed and the
confidence in its accuracy. This best value of Ry g will be uplinked to the
LGC (if different from onboard value) and will be used as the LM lift~off

vector if necessary at T3.

Prior to the first CSM pass over the landing site following LLM 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
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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

R; g+ In addition, the AT-2 star sighting data and PGNCS measured gravity
vectors will be processed in the RTCC off-line weighted least squares pro-
cessor (Reference 5) to provide an BLS 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 R; g will be chosen
and uplinked to the LGC before lift-off.

2.3 CSM PLANE CHANGE

Since the CSM orbit will be inclined 5. 3 degrees to the lunar equator,
the CSM must perform a plane change so that its orbit will pass 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

ascent.

On the revolution before the plane change burn (revoluticn 18), the
ground will uplink its best estimate of Ry g, the CSM ephemeris data and
the preferred REFSMMAT, and voice up the maneuver PAD. The CSM
will then perform an IMU alignment (P52, option 1) 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 1 degree in order
to proceed with the GNCS in control. If this 1-degree optics check 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 1 are then uncaged. The CMP will monitor these attitude
references to determine if the CSM 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 1 - 1.7 degrees per hour).

After the SPS thrust is terminated, the Iresidua.ls are not trimmed.
Although this is the first SPS burn in the undocked configuration, the
expected residuals are not large enough to significantly affect the ascent
and rendezvous. Prior to loss of signal (LOS) of fevolution 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

2.4.1 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 1lift-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 LLM will track the CSM.
The optical data are nominally used only for postflight analysis. MSFN
data are used to 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 LLOS on the last revolution before lift-off

(revolution 30).

o,

“In the event of a premature lift-off at some preferred lift-off time (Tp)
between T3 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 LLO -30 minutes the CSM will maneuver to an
inertial attitude (R = 0 degrees, P = 30! degrees, Y = 0 degrees). P22 will
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 to null the LM line-of-sight

rates.

2.4.2 LM Activities

At approximately 3 hours before lift—off, the LM crew starts pre-
paring for lift-off. The AGS and PGNCS are powered up, the CSM state
vector and BLS 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:
e Shaft and trunnion angles
e LMIMU gimbal angles associated with the observations
¢ Range and doppler observations
e 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 = 130 hours), and an AGS state vector
update is performed (V47 and 414 + 10000).

At about 1-1/2 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
REFSMMAT using P57 AT-3 at lift-off -45 m‘inutes. The drift check data
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 LM 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 PAD 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.) = t, (g. e.t.) + NAAF "

1
The time of CSM closest approach, one revolution prior to lift-off, is ti'
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 REFSMMAT for the IMU. By uplinking
this actual REFSMMAT, the IMU can be realigned to the LGC calculated
desired REFSMMAT for lift-off by using AT-0 or 1 of P57. This method
of alignment could become prime shou.ld 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 IMU azimuth. An alternative is to use AT -1 of P57 with the
REFSMMAT flag unset. This would mean that the final alignment would
have an azimuth error (probably small) equal to the IMU misalignment at

the time the LM body vectors were stored,

After the completion of the final IMU alignment, the AGS will be
aligned to the PGNCS, and the new azimuth will be stored for use in the

>kNAAF is known by the LM crew prior to LM descent (PAD data - Table 1),
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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 (P12) 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 véctors
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.

18



Table 1. LM Pad Data at Touchdown (Pre-PDI)

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

T, (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, (hr:min;:sec) g.e.t. of lift-off time after the first CSM revolution

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

NAAF (hr:min:sec) CSM orbital period plus the nominal time interval

from the time the CSM passes over the .M until
the desired lift-off time

AIBle (n mi) Correction to the landing site radius (PGNCS)

IBLS‘ (ft) Landing site radius (AGS)
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Table 2. Summary of Nominal P57 Alignments

e Alignment Technique 1, Option 3 {TD + 20 min)

Objective is to measure gravity vector.
Gyro torquing angles are displayed to crew, but
torquing is not enabled. !

Gravity error angle displayed in V06N04 indicates
tilt of the LLM.

e Alignment Technique 2, Option 3 (TD + 30 min)

a)

b)

c)

Gyro torquing angles displayed in V0O6N93 indicate
drift since pre-PDI alignment.

R; g is calculated using the gravity vector mea-
sured in AT -1,

The above alignment is repeated to provide data for
ground determination of BLS'

¢ Alignment Technique 3, Option 4 (T(Align) = TIG) (LO - 2 hr 30 min)

a)

b)

This alignment is done in preparation for use
of RR in P22,

The gravity error angle displayed in V06N04 is a
good check on LM tilt resulting from settling since
the AT -1,

e Alignment Technique 3, Option 4 (T(align) = TIG) (LO - 45 min)

a)

b)

This is the lift-off alignment.

The gyro torquing angles displayed in V0O6N93 are a
gross drift check since the previous AT-3 alignment,
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Table 3. Alignment Sequence with Degraded AOT Visibility

AQT Capability Systems Checkout Actual Countdown

Two celestial bodies 1-2-2 3.3
available
One celestial body i1-3 ‘ 3-3
available
No celestial body i-1 1-1
available
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Table 4. P30 Maneuver PAD

P30 MANEUVER

PURPOSE
SET STARS )4 PROP/GUID

+ . WT N47

PTRIM N48
Y IRIM

RALIGN .
p

ALIGN _— ___ ___

Y +

ALIGN HRS  GETI

0 MIN N33
SEC

OO0 O

Olo|lolo| o

ULLAGE x N8I

+HIX XX
*
x
< ™© =

HA N44
H

HORIZON/WINDOW __

XXX+ + [ XIx|x]+

oOIX| XX
W
-l
h -2

LAT N6
' LONG

OTHER

+

RTGO EMS
+ V1o

: ; GET 0.05G

. 2%




Table 4. P30 Maneuver PAD (Continued)

Notes

° PURPOSE is the name of the maneuver

e PROP/GUID is propulsion and guidance selected
® WT is the CSM weight (1b) '

°

PTRIM and YTRIM are respectively the pitch and yaw trim SPS gimbal
angles (deg)

GETI is the time of igniticn

AVX, A‘Vy, AVZ are the P30 velocity to the gained components in local
vertical coordinates (fps)

R, P, Y are the IMU gimbal angles at the time of ignition for the
maneuver (deg)

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

AVT is the total inertial velocity impulse (fps)

BT is the burn time (min:sec)

AVC is the EMS AV counter input

SET stars are for backup GDC align

Rarion' FPALIGN YALIGN are the backup GDC or IMU alignment
angles

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

SKFT is the sextant shaft angle for the SXTS (deg).
TRN 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).
SXP is the BSS X position (COAS) (as required) (deg).

LAT and LLONG are, respectively, the latitude and longitude of the
resultant landing point following the abort maneuver (deg).

RTGO is the 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
1. TIG (hr:min:sec)

2. Vg (ft per sec)

3., CROSSRANGE LCAD 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)
10. 053 (octal) {as required)
11. 225 and 226 (ft)
Definitions
TIG - Time of ignition for ascent
VH - LM horizontal velocity at insertion
Crossrange - The distance between the LM orbital plane after ascent
injection and the LLM 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 o

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

CSM

Time {(hr:min) Time (hr:min)
POSTTOUCHDOWN PHASE
Touchdown = 0:00 Touchdown = 0:00

0:03.5

LM

POSTTOUCHDOWN PHASE
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

Engine Arm - OFF

Enter 413 + 10000 on DEDA
for AGS lunar surface
confirmation

First stay/no-stay decision
Ty

Turn LR off

Load AGS LM state vector
(414 + 20000) -

Enter AGS Lunar Align
{400 + 40000)
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Table 6.

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

Time (hr:min}

0:10

0:15

CSM

Set CMC lunar surface flag
(V44)

Select P52-IMU realign to
pre-PDI REFSMMAT

Time (hr:min)

0:07

0:09

0:15

Select P68, Lunar Surface
Confirmation Program

Select P12, input lift-off
time from pre-PDI pad

Exit AGS Lunar Align and
enable guidance steering
(400 + 10000)

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

T,
Mode Cont (AGS) - OFF

Mode Cont (PGNCS) -
ATTITUDE HOLD

Perform AGS Lunar Surface
Gyro Calibration (400 +
60000)

Set AGS insertion altitude
rate to 32 feet per second
(address 465)
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Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM

Time (hr:min)

Time (hr:min)
0:20

0:30

Select P57, AT-1, option 3 -
gravity measurement with
no gyro torquing

Crew survey estimate of
_]E_{LS voiced to ground

Select P57, AT-2, option 3 -

align IMU to pre-PDI

RESFMMAT using two

celestial bodies. Compute

updated R. .. Repeat the
=LS

above.

Align AGS to PGNCS
{4006 + 30000)

Store the updated AGS azi-
muth (413 + 10000)

Readout AGS azimuth
(address 047 and 053) to the
ground

Enter AGS insertion tar-
geting {225 and 226 for

-9 x 45 insertion orbit)

Receive uplinked R (if
different from onbhoa¥d) and
CSM state vector (TD + 1:40)
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Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

CSM 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-
Receive LM Ry g and CSM g‘eﬁgj:?nrfaﬁz; guidance
state vector (ITD + 1:40) ys °

1:45 Select P22 - SXT tracking of 1:45 Select P22 - RR tracking of
landmark CSM

2:00 Power down the RR. AGS,

LGC, and IMU to STANDBY
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Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

Time (hr:min)

7:30

8:00

9:20

10:00

CSM

LUNAR STAY PHASE

Receive uplinked CSM

state vector and REFSMMAT
for plane change. Also receive
P30 data and maneuver PAD
update.

Select P52 - IMU align to pre-
ferred REFSMMAT

*
Perform plane change burn
(Revolution 19)

Receive lift-off REFSMMAT,
pulse torque to lift-off
REFSMMAT

Time (hr:min)

LM

LUNAR STAY PHASE

{Periodically updateé the
CSM state vector in the
LGC during the lunar stay.
This state vector is time
tag biased so that it will be
correct at the nominal lift-
off time) ‘

*If GNCS fails, perform plane change with SCS on a later revolution.
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Table 6. Abbreviated Timeline of the Lunar Stay G&N Activities (Continued)

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

PRELAUNCH PHASE

~3:40 Select P52 - IMU align to
REFSMMAT uplinked after
plane change

-2:55

-2:30

PRELAUNCH PHASE

Power up the AGS and
PGNCS

Receive uplinked CSM state
vector (LO) and -ELS

Perform RR self test (V63)

Select P57, AT-3 option 4 -
align IMU to landing site
REFSMMAT (T(align} = TIG)

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

CSM

Time From
Lift-off (hr:min)

-2:05 Select P22 - SXT tracking of
LMK

-1:40  Receive P27 update - lunar
surface flag reset, CSM state
vector (LO) and nominal LM
insertion vector (time tag is
insertion +18 min)

-1:30  Select P52-IMU realign to
REFSMMAT

Time From
Lift-off (hr:min)

-2:05

-1:30

LM

Select P22 - Lunar Surface
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 + 10000)

Receive ascent PAD
Load AGS ascent PAD values

Verify AGS ascent
parameters
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Table 6.

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

Time from
Lift-off (hr:min)

-0:20

-0:10

CSM

Time from
Lift-off (hr:min)

-0:45
-0:30
Maneuver to preliminary
tracking attitude (R = 0 degrees,
P = 301 degrees, Y = 0 degrees)
Select P22 and ORB RATE attitude -0:10

control in preparation for SXT
tracking of the LM

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 + 10000)

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

Receive LGC gyro compen-
sation (if necessary)

Enter AGS lunar align
(400 + 40000)

Select P12 - load PGNCS
ascent targeting parareters

Initialize AGS state vectors
from PGNCS downlink
(DEDA 414 + 10000 and

NAQWVY 747\
wSdsa ¥y
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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 + 10000)

-10 sec Arm ascent engine and
press Abort Stage button at
TIG -10 seconds to enable
LGC redundant engine on
circuitry and staging.

%

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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SET CMC LUNAR SURFACE FLAG (V44)
P52-IMU ALIGN TO_PRE-PDI REFSMMAT
RECEIVE BEST LM Ry s

CSM STATE VECTOR (TD + 1:40)
SELECT P22, PERFORM SXT SIGHTINGS
ON LANDMARK

RECEIVE UPLINKED CSM STATE VECTOR
AND REFSMMAT FOR PLANE CHANGE. ALSO
RECEIVE PAD DATA.

SELECT P52, IMU ALIGN TO PREFERRED
REFSMMAT

PERFORM PLANE CHANGE BURN

—
LANDING
SITE SUNLIGHT
TSTD *
' 1. 0:10 o
2. 0:15 e
EARTH ‘ 3. 1:20 »
.
4, 1:45 o
5. 7:30 o
6. 8:00 o
' ) 7. 9:20 e
* TSTD IS TIME SINCE TQUCHDOWN (HR:MIN) 8. 10:00 e

Figure 1.

RECEIVE LIFT-OFF REFSMMAT
PULSE TORQUE TO LIFT-OFF REFSMMAT

CSM Activities on Touchdown Day
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LOS—
S

LANDING
SITE

EARTH

Figure 2.

TFLO *
SUNLIGHT
1 -3:40
2. -2:05
3. -1:40
4. -1:30
5. -0:06
6. 0:00

SELECT P52, IMU ALIGN TO
LIFTOFF REFSMMAT (THE REFSMMAT
UPLINKED AFTER THE PLANE CHANGE)
SELECT P22, PERFORM LMK SXT
SIGHTINGS (LM TRACKS WITH RR)
RECEIVE P27 UPLINK - LM
INSERTION VECTOR, CSM STATE
VECTOR, LUNAR SURFACE FLAG
RESET

IMU REALIGN TO REFSMMAT

P22 SXT TRACKING OF LM

ET_NELC
1T

1
[y

CSM Activities on Lift-off Day
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HR:MIN
SINCE TOUCHODOWN

DR

TERMINATE DPS
ENGINE THRUST

0:00
(PDI+11-3/4 MIN)
POSTTOUCHDOWN PRASE

LMP

MCC-H

HR;MIN
SINCE TOUCHDOWN

3:00
(PDI+11-3/4 MIN}

TILT OVER ABORT DECISION

IS
MAGNITUDE
ON FDAI OF

YES

CONTINUE

NOTE AA

MCC-H
COMMUN l7CAT] ONS

CREW
DECISION
STABLE
ATTI,TUDE

ABORT
STAGE

l (OPTIONAL)

DISPLAY AGS
a; DIRECTIOR COSINE

NOTE AA

CONTINUE TO
MONITGR a,, PENDING

WORD FROM MCC-H

o CURRENT VALUE BASED ON
TILT OVER LIMIT

RESPONSIBILITY: GAEC

CONTINUE

DATE AVAILABLE: 24 JUNE 1969
REFERENCE: 10

LM STABLE ON LUNAR SURFACE

MGNITOR PGNCS

GIMBAL ANGLES

AND AGS DIRECTION
COSINES (COARSE
EVALUATION OF

PGNCS FOR “GLITCHES")
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COR

|

LMP

PUSH PRO ON DSKY
TO PREVENT RCS
FIRINGS

1

MODE CONTROL (PGNCS)-AUTO

DES.ENG.CMD.OVRD . -OFF
ENGINE ARM - OFF

KEY 413 + 10000 [INTQ THE
DEDA. THIS ENTRY:

* STORES AGS AZIMUTH
® SETS AEA LUNAR SURFACE
FLA

g
* INHIBITS ACCELEROMETER
CALIBRATION

MCE-H

PERFORM SYSTEM STATUS CHECKS DURING THE FIRST 1 TO 3 MIN AFTER TOUCHDOWN

FIRST STAY OR NO

STAY DECISION {(STAY ON SURFACE)

l

ABORT STAGE -
LIFT-0FF BEFORE
PDI + 15 MIN

NOTIFY CREW
TO REMAIN ON
LUNAR SURFACE
FOR ANOTHER 5
MIN

CHp




6¢

FIRST DECISION 1S TO STAY {unTIL CDR

PDI + 20-3/4 MIN)

LMP

MCC-H

0:05

0:05
STAY . CREW PERFORMS POSTLARDING CHECKLIST
* TURN OFF LR
!
KEY IN 414 + 20000
T0 INITIALIZE AGS
KEY IN PS8 T0: STATE VECTOR
SEND AYERMGE &
*END ABORT MONITOR
*SET LUMAR SURFACE
FLAG AND APS FLAG
DoweiTint, ALTTY
2 ALTITUGE ENTER IN DEDA 400 + 40000
*STORE LW ATTITHOE
T M T FOR AGS LUNAR ALIGN
FIAED CODRDINATES
SSELECT MIN IWPULSE
«2ERD ATTITUDE ERRORS
SELECT P12, AMD INPUT
LIFT-OFF TIME {PDI +
20-3/4 MIN) FROM
PRE-DOI PAD
KEY IN 400 + 10000
0 EXIT LUNAR ALIGN
AND ENABLE GUIDANCE
STEERIMNG
SECOND STAY OR B0 STAY DECISION 1
LIFT-OFF WITH P12
LIFT-OFF AT PRE-
FERRED TINE
(=PDI + 20-3/4 MIN}
KOTIFY CREW TO REMAIN
ON LUNAR SURFACE FOR
AT LEAST ONE CSM
REVOLUTION
SECOND DECISION IS TO STAY FOR ONE |CSM REVOLUTEON ] |
]
0:10

0;10

MODE CONTROL {PGNCS) - ATT HOLD
MODE CONTROL (RGS) - OFF

READ QUT THE CONTENTS
OF DEDA ADDRESS 047 AND
053 (AGS AZIMUTH DATA)
TO THE GROUND

J

SET CMC LUNAR SURFACE
FLAG {va4)




$h4

SYSTEMS CHECKOUT PHASE

LMP

MCC-H

CHP

SELECT LANDMARK
FOR LM SETTLING
REFERENCE AND
MARK WINDOW

PERFORM AGS LUNAR SURFACE GYRO
CALIBRATION (DEDA ENTRY

400 + 60000)

VERIFY AGS INSERTION TARGET
PARAMETER H (ADDRESS 232)
= 60000 FT AND ENTER HDOT
{ADDRESS 465) = 32.0 FPS

SELECT P57, AT-1, OPTION 2
AL IGNMENT TO PRE- PDI
REFSMMAT {STORED BODY AXES
ARD GRAVITY)

RECORD GYRD TORQUING ANGLES
RECORD VEHICLE TILY

DO NOT ENABLE IMu TORQUING

CREW YOICE TO GROUND THEIR ESTIMATE OF R s
THEIR CONFIDENCE IN THIS ESTIMATE =+

AND

SELECT P52 IMU ALIGN TD PRE-PO]
REFSMMAT, RECORD GYRO TORQUING
ANGLES, AND VOICE TO MCC-H.

CHECK ALIGNMENT WITH THIRD STAR

NOTE A

% CURRENT VALUE BASED ON
ESTIMATE IMU FAILURE
DRIFT RATE

® RESPONSTBILITY: MIT

@ DATE AVAELABLE: 27 JUNE 1963
o REFERENCE: 11

SELECT P57, AT-2, CPTION 3
ALIGNMENT TO PRE-PDI
REFSMMAT (3 MARKS ON
EACH OF TWO STARS)*
RECORD GYRO TORQUING ANGLES
UPDATE R, . IF MCC-H

RECOMMEN

RECEIVE VOICE
MESSAGE

RECEIVE AND RECORD PGNCS AND
"AGS GRAYITY VECTORS:
VECTORS ARE USED TQ DETERMINE LM
MAKE RECOMMENDATION
OF ONBOARD Rs UPDATE.

POSITION,

THE GRAVITY

I

GNCS GYRD DRIFT

.IF ONLY ONE CELESTIAL BODY IS

AVAILABLE, SUBSTITUTE A TECHNIQUE 3

ALTGNMENT FOR TECHNIQUE 2.

SELECT P57, AT-Z, OPTION 3
TO PRE-PD,

EACH OF TWO STARS)

RECORD GYRO TORQUING ANGLES
UPDATE R o IF MCC-H

" RECOMMENDS

0:15
0:20
]
.
.
.
0:30
L}
.
3
0:40
.
0:50
L)
[}
1:00

RECEIVE AT-2 SIGHTING DATA,
REFSMMAT, AND IMU GIMBAL ANGLES
FOR LM POSITION DETERMINATION

PERFORM AGS TO PGNCS ALIGN
(DEDA ENTRY 400 +30000)

MONITOR RELATIVE DRIFT
BETWEEN AGS AND PGNCS BY
OBSERVING GIMBAL ANGLE
DIFFERENCES

DOES
ANY GYRO

TORQUING ANGLE
INDICATE AN 1M

ORIFT OF 1.5

GNCS FAIL

DEG/HR NOTE A
?

I PROCEED

|

C:15

0:20

0:30

0:40

0:50

T:00



154

COR

Lup
!

STORE THE UPDATED AGS
AZIMUTH - DEDA ENTRY
OF 413 + 10000

MCC-H

READ OUT THE CONTENTS OF DEDA ADDRESSES
E:g !Al'l"ln 052 (AGS AZIMUTH DATA) TO THE
BROLY

l' PGNCS DRIFT TEST USING PRE-PDI REFSMMA
i

PGNCS AND AGS SENSE

INERTIAL
RATES, VOICE TD MCC-H ALL THE
GYRO TGRQUING ANGLES,AOT SIGHTING

T
——— — —— — —— — —

RECEIVE P27 -
LGC UPDATE

LOAD 8) AND 9J FOR
9- BY 45-NAUTICAL
DRBIT (ADDRESSES 225
AND 226)

UPLINK

*ADD 0.5 DEG TG LIMITS IF EARTH-
AND SUN YECTORS WERE USED FOR
l AT-2 {RSS OF EARTH-SUN

DATA AND GRAVITY VECTOR DIFFERENCES I I
NOTE 8 | svmkgﬁgqu |
ING
ANGLES INDICATE ';',;?"F,;g ﬂégm
» CURRENT VALUE BASED ON: MU DRIFT NO
ESTIMATED IMU < 1,5 DEG/HR*
FAILURE DRIFT RATE NOTE B
» P :
:ﬁ ONSIBILITY | s l
o DATE AVAILABLE: 27 JUNE 1969 I . I
#REFERENCE: 11 I l PROCEED I |

MEASUREMENT ACCURACY)

LANDING SITE DETERMINATION

USE A COMBINATION OF THE FOLLOW-

ING DATA TO OBTAIN BEST ESTIMATE

OF LM POSITION

® ACCELEROMETER AND LM ATTITUDE
DATA ACQUIRED DURING PGNCS
AND AGS ALIGNMENTS
STATE VECTOR

® ADJUSTED PFP STATE VECTOR

o CREW SURVEY AND MAP

® ADJUSTED PGNCS AND AGS NAVIGATED

LOAD VIA UPLINK:
# RLS {GROUND BEST ESTIMATE)

® [SM STATE VECTOR (TD + 1:40)




(4%

1:20

1:45

2:00

op

CONFIRM STAY/NO-STAY DECISION

SELECT P22-LUNAR

SURFACE HAVIGATION
~ TRACK CSM

IR NO UPDATE MODE

TURN OFF R
IMU AND LGC TO STANDBY

LUAD V1A UPLINK:
¢ R {GROUND BEST ESTIMATE)

o CSM STATE VECTOR {TD + 1:40)

RECETVE P27 CMC UPDATE

RECEIVE DOWNLINK

OPTICS AMGLES
CSH 4 IMU GIMBAL ANGLES
MARK TIMES

RR ANGLES

™ RANGE AND RANGE RATE
IMU GIMBAL ANGLES
MARK TIMES

55 T0

STANDBY

ORIENT VEHICLE
T0 PERFORM
SXT SIGHT"‘G ON LANDMARK

l

SELECT P22 - PERFORM
K TRACKING

1:20

1:45

2:00



1 X4

COR LHP

LUNAR STAY PHASE

MCC-H

CHP

7:30

NOTE £

CALCULATE PIPA BIAS,
SC IN FREE DRIFT

PIPA BIAS UPDATE

L

# CURRENT YALUE BASED ON
PIPA
UPDATE LiMIT

¢ RESPONSYBILITY:
MIT

* DATE AVALLABLE:27 JUKE 1969
® REFERENCE: 11

IS
ANY 81RS
CHANGE FROM
LAST VALLE ;0.003

FT/SEC
NUT% ¢

YES

NO UPDATE REQUIRED

UPDATE BIAS TERMS WHICH
EXCEED LIMIT. IF BIAS IS
GREATER THAN 0.164 FT/SEC?
GNLS HAS FAILED

PROCEED

LOAD VIA UPLINK:

PREFERRED REFSMMAY FOR
PLANE CHANGE (SELECTED
50 THAT FDAL ANGLES READ
{0,0,0) AT BURN ATTITUDE
CSM STATE VECTOR

Rs

UPLINK

RECEIVE P2y
CMC UPDATE

1:30



42

8:00

COR

LMP

MCC-H

VOICE MESSAGE:
¢ PLANE CHANGE PAD
{TABLE &)

V0ICE

Cup

]

PERTODICALLY UPDATE
THE CSM STATE VECTOR
IN THE LGC DURING
THE LUNAR STAY

RECEIVE AND
RECORD

SELECT P52 ALIGN IMU
TO PREFERRED REFSMMAT

SELECT P30 EXTEIiNAL av
PERFORM TARGET LOAD CHECKS

SELECT P40 (SPS) THRUST
PROGRAM, ENABLE AUTO
MANEUVER TO BURN
ATTITUDE

MANUALLY ROLL
PAD
GIMBAL ANGLE

SET AVG INTO £MS
a¥ COUNTER




S¥

9:20

10:00

CDR

LMP

NOTE D

MCL-H

& CURRENT VALUE BASED ON
ESTIMATE OF
ALLOWABLE POINTING ERROR

* RESPONSIBILITY:
MIT

® DATE AVAILABLE:

& REFERENCE:
APOLLO B PROCEDURES

SELECT P52 AND USE AUTO-
OPTICS WITH SXTS CODE

DOES
TRUNKION

NOTE D
T

-
YES

ANGLE AGREE WITH
PAD (4 1 DEG)

CMP
IGNITION ATTITUDE CHECK l

PROCEED

ASSESS PROBLEM:
LATER WITH SCS If NECESSARY

PERFORM BURN

I
|
I
|
I
|
|
|
I
I

ALIGN GDC T 0,0,0~UNCAGE
BMAG'S 1

L

VERIF

Y BURN

PERFORM PLANE CHANGE
DO NOT TRIM RESIDUALS

LOAD VIA
LIFT-OFF

UPLINK
REF SMMAT

UPLINK

RECEIVE P27 {MC UPDATE

|

SELECT P52 IMU ALIGN PULSE
TORQUE TO LIFT-OFF REFSMMAT
(N0 FINE ALIGN)

l

8:20

10:00



9%

TIME FROM LIFT-OFF

COR
PRELAUNCH . PHASE

LMP

MCC-H

cMP

-3:40

+.2:55 BEGIN COUNTDOWN FOR LM LIFT-OFF

-2:30

SELECT P52, TMU ALIGN TO LIFT-OFF
REFSMMAT (UPLENKED AFTER PLANE

CHANGE }

-3:40

-2:55

POWER UP PGNCS

]

RECEIVE P27 UPDATE -
CSM STATE VECTOR

POWER UP AGS 1

UPLINK

LOAD VIA LPLINK

PERFORM AGS AND PGNCS SYSTEM TESTS

SELECT P57, USE AT-3 TO LANDING SITE
ON 4)

o T(ALIGN} = TIG
& RECORD GYRO TORQUING ANGLES
o RECORD GRAVITY VECTOR DIFFERENCE

SELECT P22-LUNAR_SURFACE NAVIGATION
PROGRAM.  TRACK TSN IN THE NO UPDATE
MODE {SYSTEMS TEST).

I TURN ON RR AND PERFORM RR SELF TEST

}

ALIGN AGS TO PGNCS
{400 + 30000)

!

PERFORM AGS GYRD CALIBRATION
(DEDA ENTRY OF 400 + 60000)

!

ALIGN AGS TO PGNCS
(DEDA ENTRY OF 400 + 30000)

STORE THE UPDATED AGS
AZTMUTH « (DEDA ENTRY
OF 413 + 10000}

i

& C3M STATE YECTOR
(LIFT-DFF - 2:20)

* Rs

CRIENT VEHICLE TO

® PERFORM SXT SIGHTINGS ON LMK

® POSITION RR TRANSPONDER FOR
LM RR ACQUISITION

SELECT P22 PERFORM SXT SIGHTINGS
ON tMy 1y BITCH MODE

-2:30

-2:05



3%

COR LMP MCC-H

J PRELAUNCH PGNCS AND AGS DRIFT CHECI

PRELAUNCH PGNCS DRIFT TEST

USE AGS
FOR ASCENT

00
PGNCS
GYRD TORQUIMG ANGLES
INDICATE MU DREFT ﬁég_ﬁegggsm"c" IF.
<1.5 DEG/HR HO
NOTE B
?
¥ES

RECOMMERD BEST SYSTEM FOR
LIFT-OFF AT NEXT OPPORTUNITY

15
PITCH DRIFT PSHCS CONTROL
PERFORM AT-1 ALIGNMENT *
BN GLOSE TO LIFT-OFF TIME » AGS CONTROL
NOTE ¢ (TIG-10 MIN) »  MANUAL CONTROL

PROCEED
RECOMMEND AT-1 ALIGNMENT
CLOSE TO LIFT-DFF TIME

{TIG-10 MIN}

PROCEED
NOTE E NOTE F
& CURi VALUE BASED ON * CURREHT VALUE BASED ON:ALLOWABLE
ESTIMATED AGS FAILURE FLIGHT-PATH ANGLE
DRIFT RATE ERROR AT INSERTION
 RESPONSIBILETY: TRW ® RESPONSIBILITY:
* DATE AVAILABLE: 27 JUNE 1969 ® DATE AVAILABLE:
* REFERENCE: 11 ’ ® REFERENCE: DATA PRIQRITY MEETING

UPDATE LGC GYRO
CvENEATION copEvsATin (17
ECESSARY




Ly

-1:40

=1:3

CDR

TURN OFF RR

VOICE

(3,

{

READ AGS AZIMUTH
DATA {047 AND 053)
TO MCC-H

MCC-H

1

= 13
AND PERFORM STATE VECTOR UPDATE
(V47 AUD 414 + IODO()A
VOICE ACTUAL TIME BIAS TO MCC-H

RECEIVE VOICE
HESSAGE

1' RECORD TIME BIAS I

tOAD YIA UPLINK

o LUNAR SURFACE FLAB RESET
o (SM STATE VECTOR

# NOMINAL LM INSERTION YECTOR (INSERTION

+ 18 MIN)

RECIEVE P27 CMC UPDATE

VOICE MESSAGE

l
CEIVE REC
RECEIVE AND ORD l__

LOAD THE FOLLOWING AGS QUANTITIES
o |R ¢l (ADDRESS 231)

o LOAD VALUE FOR 8J AND %)
(ADDRESSES 225 AND 226)

l

VERIFY THE FOLLOWING QUANTITIES:

8 86= 0.0 (547 » +0G000)

w AGS INSERTION TARGETIMG,
H = 50000 FT AND
HDOT = 32.0 FT/SEC
(ADDRESSES 232 AND 4£5)

® N0 S-BAND COMMUNICATION
YAW MAHEUVER REQUESTED
(623 = +00000

s ORBIT INSERTION MODE
{410 = +00000)

. SELECT P57, PERFORM AT-3

ALIGNMENT (AT + g} TO
LANDING SITE (OPTION &
o RECORD GYRD TORQUING AMGLES

s RECORD GRAVITY VECTOR DIFFERENCE

o T, = (TALIGN) = TIG {TABLE 2)

ALLGN AGD TO FRRLS
(400 + 30000)

{

STORE UPDATED AGS AZIMUTH
(413 + 10000)

o ASCENT PAD. {TABLE 5)

SELECT P52, WU
REALIGN TO REFSMMAT

RECEIVE AND RECORD AGS AND
$(ESNCS ALIGMMENT DATA FOR ORIFT
ST

l

-1:40
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-0:30

-0:2¢

-0:10

-0:02

COR

LMP

SELECT P12* - LOAD PGNCS
ASCENT TARGETING PARRMETERS

PRESS ABORT STAGE BUTTON
AT T16 - 10 SEC TO ENABLE
REDUNDANT ENGINE ON CIRCUIT
AND STAGING

READ AGS AZIMUTH DATA
(047 AND 053) TO MCC-H

ENTER AGS LUNAR
ALIGN { 400 + 40000)

MCC-H

RECEIVE VOICE
© MESSAGE

WANELVER 10 INERTIAL
ATTITUDE FOR SXT
TRACKING OF LM:
R=0°P » 301° Yx0°

RECEIVE MESSAGE

VOICE

SENG RECOMMENDATIONS OF
THE BEST SYSTEM FOR LIFT-OFF

LM DOWNL INK)

INITIALIZE AGS CSM AND
LM STATE VECTORS {FROM

+ 10000 AND DSKY v47)

(DEDA 414

ENTER AGS GUIDANCE STEERING AND

EXIT LUNAR ALTGN

(DEDA 400 + 10000}

*IF AGS 15 USED FOR LIFT-OFF, VERIFY
GUIDARCE CONTROL SWITCH IS [N THE
ABS POSITION AND THE AGS MODE
CONTROL SWITCH 1S IN AUTO. MANUALLY
UPDATE THE AGS STATE VECTORS AT TiG -
50 MIN. YERIFY THAT "ENGINE SYOP"
BUTTOM IS NOT DEPRESSED AND THEN
DEERESS THE ABORT STAGE BUTTODN AT
Ti6.

SELECT ORB
RATE MODE

SXT TRACKING
OF LM IN P22

USING MINIMM
IMPULSE CONTROL
TO MRINTAI

LINE OF SIGHT

ASCENT PROCEDURES

-0:10

-0:02
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11.
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