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OPERATIONAL SPACECRAFT ATTITUDE SEQUENCE FOR MISSION F

By E. C. Howell
C. R. Hunt
V. W. Simmons
Mission Design Section
TRW Systems Group

1. SUMMARY AND INTRODUCTION

1.1 General

This document contains the operational spacecraft attitude sequence
for mission F. The purpose of the document is to provide a source of
spacecraft (command and service module (CSM) and lunar module (LM))
attitude data for the nominal cislunar and lunar orbit mission operations.
Changes and revisions to the preliminary F mission attitude sequence,
Reference 1, have been incorporated in order to present the latest possible
mission planning inputs. These updates include the May 18 launch date
with the extended lunar orbit stay time, the approach azimuth change to
duplicate the lunar landing mission (mission G) ground track, and the
recommended landmark tracking procedures.

Cislunar and lunar orbit data for the spacecraft operational attitude
sequence are presented in the following format:

1. Discussion of the major attitude events occurring in the mission
2. Figures illustrating the spacecraft attitude events and activities
3. An attitude timeline listing the chronological sequence of events

(Table I}). Mission event times were obtained from the Apollo 10 Final
Flight Plan, Reference 2,

4. Tabular data summarizing the pertinent spacecraft attitude and
orbital parameters (Tablell)

1.2 Trajectory Profile
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docked CSM/LM attitude data were obtained from the Lunar Mission
Analysis Branch of MPAD-MSC. The lunar orbit rendezvous trajectory
parameters were furnished by the Orbital Mission Analysis Branch of
MPAD-MSC. The mission trajectory profile from earth parking orbit
insertion to entry at 400, 000 feet altitude was precision integrated by the
Apollo Reference Mission Program, Version ARMO06. Launch date for
the mission is May 18, 1968 at 11:48:35, 3 Eastern Standard Time with a
72-degree launch azimuth and a Pacific translunar injection (TLI) on the
first opportunity.

Translunar and transearth flight times are approximately 73 hours
and 53 hours, respectively. The lunar orbit phase consists of 31 revolu-
tions (approximately 62 hours) in lunar orbit devoted primarily to LM
testing in the lunar environment and lunar landmark tracking.

1.3 Attitude Data Generation

The ARMO6 program was used in producing the CSM and LM attitude
data required to define the nominal mission attitude timeline. For the pro-
gram simulation, instantaneous maneuvers were assumed in reorienting
the spacecraft from an existing attitude. Appropriate time intervals are
provided for finite reorientations in the timeline. The maneuver times
arc representative only and are not intended to reflect actual rates.

In addition to the spacecraft attitude data supplied by this document,
computer tapes of the mission trajectory and attitude profile are available.
Requests for these tapes should be made through the Mission Planning
Support Office of MPAD-MSC.

1.4 Spacecraft Attitude Constraints

The CSM and L.M, both in the docked and undocked configurations,
are subject to attitude restrictions throughout the mission. In general,
these restrictions are imposed by subsystem requirements, mission
requirements, or geometry limitations.

The major constraints considered in defining the F mission space-
craft attitude timeline are enumerated below. Unless noted otherwise, the
constraints are relevant to specific events or operations. Violation of any
constraint is noted in the attitude timeline discussion (Sections 3, 4, 5, and 6).

1, Earth Orbit and Cislunar Phases

a. The S-IVB/SLA/CSM/LM configuration in earth orbit ccast
should maintain a local horizontal attitude hold with the CSM plus X-axis
forward along the direction of motion and the crew heads down (CSM minus



Z-axis towards the earth). This local attitude hold should be established
following parking orbit insertion and maintained until just prior to the
translunar injection burn.

b. CSM tracking, telemetry, and voice are required during
transposition, docking, and ejection.

c. CSM tracking, command, telemetry, and voice are required
for 1 hour following ejection.

d. CSM inertial measurement unit (IMU) gimbal lock must be
avoided for all events and operations in the cislunar phase. For the
F mission, IMU gimbal lock is assumed to occur when the angle between
the outer and inner gimbal axes is less than 45 degrees.

e. During docking with no artificial lighting, the sun must lie
between 90 and 150 degrees of the CSM positive X-axis.

f. Pitch and roll maneuvers required for transposition and
docking are performed at 5 degrees per second.

g. CSM monitoring of the S-IVB is required for 1 hour
following ejection.

h. During passive thermal control (PTC) the angle between the
line of sight to the sun and the CSM Y -Z plane must be less than
20 degrees., A roll rate between one and two and a half revolutions per
hour must also be maintained.

i. A ratio of a least 5to 1 should be maintained between
periods of PTC and attitude holds. The maximum length of a continuous
attitude hold should not exceed 3 hours during translunar coast and 2 hours
during transearth coast.

2. Lunar Orbit Phase

a. CSM and LM gimbal lock must be avoided for all events
and operations in the lunar orbit phase. For the F mission, IMU gimbal
lock is assumed to occur when the angle between the outer and inner gimbal
axes is less than 45 degrees.

b. CSM and LM high-gain communications are highly desirable
when earth line of sight exists and the attitude does not conflict with other
mission cbjectives,

c. During the sleep period prior to LM undocking, the CSM/LM
docked attitude must provide MSFN coverage through the CSM S-band steer -
able antenna when earth line of sight exists. A nominal thermal environ-
ment must also be provided for the CSM RCS quads by orienting the
spacecraft with respect to the sun and lunar surface,.



d. CSM and LM IMU alignments in lunar orbit must avoid
sunlight interference. For the F mission, this is accomplished by schedul-
ing these events to occur in darkness, During the alignment operation, the
spacecraft attitude must provide the sextant (SXT) field of coverage with at
least two reference stars from 20 to 90 degrees apart. The shaft drive
axis (SDA) must be at least 20 degrees above the lunar horizon.

e. During undocked activities, CSM and LM attitudes should be
favorable for VHF communications unless precluded by other require-
ments.

f. During CSM landmark tracking, the actual marking opera-
tion should be confined to the portion of the orbit above 35 degrees eleva-
tion angle with respect to the landmark. The CSM attitude and attitude
rate should be established to allow maximum optics coverage during this
time. Due to an optics system constraint, the CSM attitude rate while
marking is limited to a rate less than 2/3 degree per second.

g. LM inspection by the CSM must be made in sunlight as soon
as possible after undocking.

h. Tracking periods during undocked activities specify a line
of sight be maintained between the vehicles which satisfies the respective
tracking requirements of each. The initial tracking attitude for the CSM
and LM should be heads down and heads up, respectively.

i. For the CSM-LM docking maneuver performed in sunlight,
the angle between the minus X-axis of the active vehicle and the sun should
not be greater than 90 degrees to avoid glare interference to the active
vehicle,

jo During terminal rendezvous and docking, at ranges greater
than 50 feet the LM attitude must provide CSM visibility through the LM
forward (plus Z) windows. After pitchover to the docking orientation at a
range of 50 feet, CSM visibility is required through the overhead (plus X)
window.

k. From the LM jettison maneuver after docking to the LM AFS
burn to depletion, the CSM attitude should permit visual monitoring of the
LM to confirm adequate separation.

1. The LM inertial APS burn to depletion attitude should pro-
vide MSFN coverage of the burn through the LM S-band steerable antenna.,

m. At LM jettison, the burn for the CSM evasive maneuver
must place the CSM above and behind the LM at APS ignition,

Further detail on lunar mission attitude constraints may be obtained
from Reference 3. Information concerning CSM/LM docked high-gain
communications is found in Reference 4.



AGS
ALT
AOT

APS

ARMO6
CDH
CM
CMP
COAS
CP
CPA
CsI
CSM
DOI
DPS
g. e.t.

G&N
HGA

IGA

IMU

1P

LAT

M
LOI-1

LOI-2

2. SYMBOLS

abort guidance system

altitude

alignment optical telescope
ascent propulsion subsystem
Apollo Reference Mission Program, Version ARMO06
constant delta altitude
command module

command module pilot

crew optical alignment sight
control point

closest point of approach
coelliptic sequence initiation
command and service module
descent orbit insertion
descent propulsion subsystem
ground elasped time (hr:min:sec)
guidance and navigation
high-gain antenna

inner gimbal angle

inertial measurement unit
initial point

selenographic latitude

lunar module

first lunar orbit insertion burn

lunar orbit circularization burn



LON selenographic longitude
LR landing radar
LS landing site

MGA middle gimbal angle
Ml mirror image

MPAD-MSC Mission Planning and Analysis Division - Manned
Spacecraft Center

MSFN Manned Space Flight Network

OGA outer gimbal angle

PDI powered descent initiation
PTC passive thermal control
RCS reaction control subsystem
REFSMMAT reference to stable member coordinate transformation
matrix
RR rendezvous radar
SCT scanning telescope

SDA shaft drive axis

SLA spacecraft LM adapter

SM service module
SPS service propulsion system
SXT sextant

S-1VB third stage of Saturn V vehicle
TEI transearth injection
TLI translunar injection
TPF terminal phase final
TP1 terminal phase initiation
VHF very high frequency

AV velocity increment



3. EARTH ORBIT

The S-IVB/SLA/LM/CSM configuration is inserted into a 100-
nautical mile altitude circular parking orbit by the Saturn V booster at
00:11:24 g.e.t. The booster/spacecraft attitude at insertion burn
termination is inertially fixed for 20 seconds. Following this hold, the
S-IVB attitude control system positions the S-IVB (and CSM) X-axis along
the local horizontal in the direction of motion. The CSM plus Z-axis is
directed along the current position vector. This alignment (which is
heads down for the crew) is maintained by an S-IVB orbital pitch rate
during the earth orbit phase of the mission. This attitude provides com-
munication coverage during passes over MSFN stations. The local attitude
hold is terminated prior to ignition of the TLI burn which occurs at
02:33:27 g.e.t. during the second earth parking orbit revolution. Attitude
control for the burn is also through the S-IVB control system.

Spacecraft position and attitude data for the earth orbit phase of the
mission are listed in Table II{(a). The IMU gimbal angle data for this
phase apply to the launch pad alignment of the spacecraft IMU. The trans-
formation matrices (REFSMMAT) for this and other nominal IMU align-
ments pertaining to various mission phases are given in Table III.
Alignment of the IMU to a new inertial reference is noted in both the
discussion and the tabular IMU gimbal angle data.






4. TRANSLUNAR

Presented in this section are major translunar events for which
specific attitude sequences have been determined. These events include
the transposition, docking, ejection sequence, the spacecraft evasive
maneuver, and the PTC periods. Table II{b) lists the spacecraft
attitude data for the translunar coast phase which begins at TLI burn
termination (02:38:49 g. e.t.) and ends at lunar orbit insertion (LOI-1)
burn ignition (75:49:40 g. e.t.). Spacecraft look angles (theta, phi) are
defined in Figure 1. Preflight attitudes for IMU alignments, midcourse
corrections, and cislunar navigation cannot be predicted precisely;
attitude data for these events are, therefore, not available. The nominal
mission event times are indicated, however, as obtained from
Reference 2. Figure 2 is a schematic representation of the major cis-
lunar events.

4.1 Post-TLI Sequence of Events

Termination of the TLI burn occurs at 02:38:49 g.e.t. The S-IVB
attitude control system maintains the burnout attitude inertially fixed for
20 seconds following thrust termination. A local horizontal attitude hold
is then established by the S-IVB with the CSM plus X-axis forward in the
direction of motion and the CSM plus Z-axis up along the local vertical.
At TLI cutoff plus 15 minutes, the S-IVB orients the spacecraft/booster
configuration to the required inertial attitude for transposition and
docking. This attitude, in terms of the local horizontal orientation at
TLI cutoff plus 15 minutes, consists of a positive 120-degree pitch, a
positive 40-degree yaw, and a roll of 180 degrees for the S-IVB. The CSM
orientation is identical except for the roll orientation which is 0 degree for
the CSM. With this orientation, the S-IVB and CSM are prepared for the
transposition and docking maneuver sequence initiated at TLI cutoff plus
25 minutes with CSM/S-IVB separation. A CSM RCS plus X-axis trans-
lation burn of 1 foot per second provides the CSM-S~IVB separation rate.
Approximately 2 minutes later, (TLI cutoff plus 27 minutes), the CSM
nulls the separation rate and pitches 180 degrees to prepare for the
CSM/LM docking maneuver. After aligning to the proper CSM/LM dock-
ing index (LM plus Z-axis in the CSM minus Z-plus Y quadrant 60 degrees
(£10 degrees) from the CSM minus Z-axis), the CSM closes with the LM
(and S-IVB) and completes the docking maneuver. LM withdrawal is
accomplished at approximately TLI plus 90 minutes after which the CSM
orients to the S-IVB evasive maneuver attitude. The evasive maneuver
burn by the CSM service propulsion system (SPS) is scheduled to occur
at TLI cutoff plus 110 minutes. The spacecraft attitude for this maneuver
is designed to account for the required SPS thrusting direction, allow the
command module pilot (CMP) in the left-hand seat to view the S-IVB
through the side window, and also provide CSM high-gain communications.
With these considerations, the CSM local horizontal attitude for the burn
is pitched 75 degrees below the local horizontal in the direction of motion
and rolled positively 60 degrees.



The CSM IMU realignment and cislunar navigation sightings are
performed beginning at 05:00:00 g. e.t. The navigation sightings consist of
5 sets of star-earth horizon sightings.

The first midcourse burn is scheduled at 11:33:00 g. e.t. The
primary purpose of this burn besides reducing the trajectory dispersions,
is to alter the lunar orbit groundtrack to duplicate the G mission ground-
track. This maneuver completes the post-TLI activities. Information for
this mission phase was obtained from the F mission flight plan,

Reference 2, and References 5 and 6.

4.2 Passive Thermal Control

The translunar coast period following the post-TLI events and ending
at the time for the last translunar midcourse correction consists, in terms
of spacecraft attitude, primarily of maintaining an acceptable thermal envi-
ronment for the various spacecraft subsystems, This nominal thermal
environment is provided by the PTC mode which involves spinning the
spacecraft about the body X-axis at approximately 1 revolution per hour.
The spacecraft is aligned initially so that the X~axis is normal (within
+20 degrees) to the sun, thereby, equalizing the solar heat incidence when
the spin is induced. Once the spin rate is established, all RCS control
jets may be disabled (true PTC), or the pitch-yaw control may be main-
tained in wide deadband which is planned for mission F, Two PTC test
periods with a 3-revolution per hour spin rate and without attitude control
are scheduled for the mission. The first test is conducted with the CSM/
LM docked during the translunar coast, and the second test occurs in the
transearth coast involving the CSM. The times for these tests are noted
in the attitude timeline, Table I. Simulation of PTC periods for this docu-
ment assumed exact attitude control in all channels (pitch, yaw, and roll).
The REFSMMAT used in establishing the spacecraft PTC orientation was
defined in accordance with Reference 7. The IMU Y-axis pointing was
determined so that the possibility of gimbal lock occurring for transearth
midcourse burns is minimized. The PTC attitude is also designed to opti-
mize spacecraft-MSFN communications by orienting the spacecraft X-axis
as near normal to the earth line of sight as possible while satisfying the
other attitude constraints noted previously.

4,3 S-band High-Gain Antenna Reflectivity Test

At 27:00:00 g.e.t. the spacecraft is oriented to the attitude required
to conduct the S-band high-gain antenna (HGA) reflectivity test. The pur-
pose of this test is to provide in-flight data on high-gain signal interfer-
ence of the docked CSM/LM with the S-band HGA tracking in the CSM plus
X-axis direction. The spacecraft attitude at test initiation with respect to
the local horizontal orientation is a pitch of minus 80 degrees and a yaw
of 20 degrees. Maneuvers subsequent to this initial orientation were not
simulated.
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4.4 Pre-1OI Events

The pre-LOI sequence of events is assumed to begin at approxi-
mately 70:00:00 g. e.t. when the CSM IMU is aligned to the landing site
REFSMMAT. This inertial IMU alignment corresponds to a local horizontal
attitude of 90.0, 0.0, 0.0 degrees (pitch, yaw, roll) with the nominal
(assumed) time of LM touchdown and descent orbit approach azimuth.

The IMU realignment is followed at approximately 70:45:00 g.e.t. by a
midcourse correction, if required.

At 72:00:00 g. e.t. the spacecraft is maneuvered to an inertial atti-
tude that provides TV coverage of the lunar surface from the center
(hatch) window. This orientation consists of a 45-degree pitch and a
180-degree roll maneuver with respect to the lunar local horizontal. In
addition to providing the desired TV coverage, the attitude also places
the CSM S-band HGA within MSFN line of sight.

The lunar TV coverage is scheduled to end at 72:35:00 g.e.t. Since
the spacecraft enters lunar umbra at 72:47:00 g.e.t, a reorientation to the
PTC attitude would be impractical, and the inertial attitude used for TV is
maintained until approximately 74:45:00 g. e.t. At this time, the space-
craft is oriented to the LOI-1 burn attitude that is maintained inertially
fixed until LOI-1 ignition at 75:45:43 g, e. t.

11






5. LUNAR ORBIT PHASE

This section contains a detailed description of the lunar orbit attitude
profile. The events are discussed in chronological order with only those
mission events which affect the attitude profile being mentioned.

‘The mission F lunar orbit profile may be divided into three major
segments

1. LOI-1 burn cutoff to CSM/LM undocking
2. CSM /LM undocking to LM jettison
3. LM jettison to.TEI burn ignition

The discussion will be divided into these segments with the first and third
segments being discussed primarily revolution by revolution, while the.
second segment is discussed according to major events. For the purpose
of this document, a vehicle revolution will be referenced to the lunar sur-
face. The first vehicle revolution is assumed to start at LOI-1 burn cutoff
and end at 180 degrees selenographic longitude. All other revolutions
start and end at 180 degrees selenographic longitude except the thirty-
second revolution which ends at TEI burn ignition,

Detailed trajectory and attitude data for the lunar orbit phase of the
mission is presented in Table Ii(c). Part { of Table II(c) presents LOI=1
burn cutoff to CSM/LM undocking. Part 2 of Table II(c) presents all of
the two-vehicle data for the lunar orbit phase from CSM/LM undocking to’
the LM unmanned APS burn to depletion cutoff. Part 3 of Table II(c)
presents the portion of the lunar orbit phase from the LM unmanned APS
burn to depletion cutoff to. TEI burn ignition. It should be noted that the
IMU gimbal angle data presented in Table II(c) are based on the landing site
REFSMMAT. The CSM and LM IMU's are aligned to the landing site
REFSMMAT throughout the lunar orbit phase of the mission.

5.1 LOI-1 Burn Cutoff to CSM/LM Undocking

5.1.1 First revolution (Figure 3). - The LOI-1 burn is designed to
deboost the CSM/LM from the cislunar trajectory and place it into a 60--
by 170-nautical elliptical lunar parking orbit. The burn is performed with
the CSM SPS engine. The CSM is in a retrograde attitude, and the crew is
heads down to afford visual reference with the lunar surface. The LOI-1
burn cutoff attitude is maintained following the burn until approximately
12 minutes prior to acquisition of MSFN line of sight. The CSM is then
rolled 180 degrees (right) to provide CSM S-band HGA communications.
This attitude is maintained inertially fixed until communications with
MSFN have been established. The vehicle is then maneuvered to a lunar
observation attitude. The CSM attitude, with respect to the local hori-
zontal orientation, is a pitch of -45 degrees and a roll of 180 degrees.
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This lunar observation attitude allows observation of the CSM/LM ground-
track through the CSM hatch window and oblique views of the lunar surface
through each of the CSM side windows. This lunar observation attitude is
held locally fixed until the vehicle enters darkness. At this time the local
attitude hold is terminated, and the existing vehicle attitude is maintained
inertially fixed to allow a CSM IMU realignment. The IMU realignment
occurs approximately 5 minutes after the vehicle enters darkness and is a
realignment to the lunar landing site REFSMMAT. Approximately 17 min-
utes prior to the loss of MSFN line of sight, the CSM/LM is maneuvered
to the lunar orbit sleep attitude for an evaluation of the CSM HGA commu-
nications mode to be used during lunar orbit sleep. The lunar orbit sleep
attitude will be more fully discussed in one of the following sections, but
the attitude is an inertial attitude such that the CSM local horizontal angles
at the subsolar point would be a pitch of -140 and a roll of 135 degrees.

To fully evaluate the communications mode, the CSM/LM must remain in
an inertially fixed attitude from loss of MSFN line of sight to acquisition of
MSFN line of sight. Thus, the vehicle attitude is maintained inertially
fixed through the completion of the first revolution. CSM S-band HGA
communications will be available from acquisition of MSFN line of sight to
loss of MSF'N line of sight.

5.1.2 Second revolution (Figure 4). - At the completion of the first
vehicle revolution, the spacecraft is in the inertially fixed lunar orbit
sleep attitude for an evaluation of the lunar orbit sleep communications
reacquisition mode. This attitude is held inertially fixed until completion
of the communications test. Approximately 10 minutes after acquisition
of MSFN line of sight, the CSM is rolled 45 degrees (right) to improve
lunar observation near the lunar morning terminator. The resulting atti-
tude is maintained inertially fixed until the time to maneuver to the LOI-2
burn attitude. The inertial attitude satisfies the attitude requirements for
an IMU realignment to the landing site REFSMMAT that occurs immedi-
ately after the CSM/LM enters darkness. Approximately 25 minutes
before loss of MSFN line of sight, the CSM/LM is maneuvered to the
LOI-2 burn attitude. This attitude is maintained through the completion of
the second revolution. CSM S-band HGA communications will be available
from acquisition of MSFN line of sight until the maneuver to the LOI-2
burn attitude.

5.1.3 Third revolution (Figure 5). - Following the start of the third
revolution, the LLOI-2 burn is performed. This burn is the circularization
burn that transforms the initial elliptical parking orbit into a 60-nautical
mile circular lunar orbit. The burn is performed with the CSM SPS
engine with the CSM in a retrograde attitude. The CSM roll attitude
allows the crew to be heads down during the burn to allow visual reference
with the lunar surface. Following burn cutoff the LLOI-2 burn attitude is
maintained. Approximately 10 minutes prior to acquisition of MSFN line
of sight, the CSM is rolled 180 degrees (right) to provide CSM S-band HGA
communications. The resulting attitude is maintained inertially fixed
until communications with MSFN have been established. The vehicle is then
maneuvered to the lunar observation attitude. The same attitude which
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was used in the first revolution is utilized. The CSM attitude, with
respect to the local horizontal orientation is a pitch of -45 degrees and a
roll of 180 degrees. This attitude allows observation of the vehicle
groundtrack through the CSM hatch window and oblique views of the lunar
surface through each of the CSM side windows. This attitude is held
locally fixed until just prior to the vehicle entering into darkness. This
attitude shcould allow through-the-window observation of the landmarks to
be tracked during the next vehicle revolution. In addition, a possible _
10-minute TV transmission is scheduled at mission time 80:45:00. This
attitude will provide S-band HGA communications and will allow a view of
the lunar surface. Prior to the vehicle entering darkness, the local atti-
tude hold is terminated, and the existing vehicle attitude is held inertially
fixed until the CSM/LM enters into sunlight. This inertial attitude will
allow a CSM IMU realignment to the landing site REFSMMAT that occurs
approximately 7 minutes after the CSM/LM enters darkness. As the vehi-
cle enters into sunlight, the CSM/LM is maneuvered to the initial land-
mark tracking attitude for the landmark tracking on F-1 (a lunar landmark
to be tracked in the fourth vehicle revolution). The initial landmark track-
ing attitude is a pitch 2, 1 degrees below the local horizontal orientation
90 seconds before the CPA to F-1 (approximately 35 degrees elevation).
This initial landmark tracking attitude is maintained through the comple~
tion of the third vehicle revolution. It should be noted that approximately
3 minutes after the loss of MSFN line of sight the LM is occupied, and LM
attitude requirements must be taken into account. CSM S-band HGA com-
munications will be available from acquisition of MSFN line of sight to loss
of MSF N line of sight. '

5.1.4 Docked lunar landmark tracking. - A complete list of the lunar
landmarks which will be tracked during the lunar orbit phase is presented
in Table IV. This list was obtained from Reference 8. An IP is a promi-
nent initial point which aids the astronaut by leading him into the landmark
to be tracked. The geometry for lunar landmark tracking is defined by
Figures 6 and 7. The acceptable marking region is defined as the area 7
from 35 degrees elevation to 35 degrees elevation. The period of time the
spacecraft remains in the acceptable marking region is on the order of
3 minutes. Marks taken within this region must be equally spaced and at
least 25 seconds apart. Five marks are required on each landmark, with
a minimum time of 100 seconds required between the first and the last
mark., The primary considerationis that the marks be taken over a wide
spread of elevation geometry. The SCT will be used to acquire the land-
mark, and the SXT will be used to track the landmark,

The landmark tracking attitude mode to be used for docked lunar
landmark tracking is a mode I type. A complete discussion of the lunar
landmark tracking attitude modes available for landmark tracking is pre-
sented in Reference 9. Mode I tracking consists of an inertial attitude hold
with the CSM X-Z plane approximately in the lunar orbit plane. As the
spacecraft approaches the landmark, a pitch rate is added to allow the
landmark to remain in the optical fields of coverage while the spacecraft
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is in the acceptable marking region. The geometry for the particular
mode I tracking used is presented in Figure 8. The initial inertial attitude
is such that the CSM is pitched 2. 1 degrees below the local horizontal
orientation at 90 seconds before the CPA. A -0.3 degree per second pitch
rate is added at 35 degrees elevation and is maintained until the vehicle
exits the acceptable marking region approximately 90 seconds after the
CPA. At the termination of the pitch rate the CSM X-axis lies approxi-
mately 47 degrees below the local horizontal. The landmark enters the
SCT field of coverage 148 seconds before the CPA (21 degrees elevation)
and enters the SXT field of coverage 112 seconds before the CPA

(28. 2 degrees elevation). The landmark is still in both the SXT and SCT
fields of coverage at the termination of the pitch rate.

To aid the astronaut in landmark tracking, two times, T, and T,,
will be updated to the astronaut in real time. Tq is the g.e.t. when the
spacecraft comes across the landmark topocentric horizon. This is pri-
marily an astronaut alert time. T occurs approximately 390 seconds
before the CPA to the landmark. T3 is the g.e.t. to start the pitch rate.
Tp occurs approximately 90 seconds before the CPA.

As a result of the maximum rate limits of the optics shaft and trun-
nion angles, there are certain zones in the optical coverage area where
the optics line of sight cannot keep up with the coverage of the landmark.
This occurs when the groundtrack of the optics shaft axis passes close to
the landmark. In mission F, the optical blind zone will be avoided by roll-
ing the spacecraft so that the minimum trunnion angle is at least
10 degrees. This maneuver will be added in real time, and is not simu-
lated here. The required roll is small, and the times given above are not
appreciably affected. The optics shaft and trunnion angles given in
Table II(c) are the optics angles required to center the optics line of sight
along the vehicle to landmark line of sight at 35 degrees elevation before
the CPA. These angles do not reflect the roll maneuver required to avoid
the optics blind zone. Detailed shaft and trunnion plots are available for
each landmark but will not be presented in this document.

5.1. 5 Fourth revolution (Figure 9). - At the beginning of the fourth
revolution the spacecraft is in the initial inertial attitude for landmark
tracking on F-1. A mode I type tracking sequence is performed on F-1,
and at the conclusion of the tracking sequence the vehicle pitch rate is
terminated and the spacecraft is maneuvered to the initial inertial attitude
for landmark tracking on Bl. Because of the pitch rate for the mode I
tracking, only a small pitch maneuver is required. A mode I type tracking
sequence is performed on B1, and at the completion of the sighting
sequence the spacecraft pitch rate is terminated and the spacecraft is
maneuvered to the lunar orbit sleep attitude. CSM S-band HGA communi-
cations will not be available during the landmark tracking sequences. The
lunar orbit sleep attitude is the same used for the communication test in
the first revolution. The CSM inertial attitude is such that the CSM is
pitched -140 degrees and rolled 135 degrees from the local horizontal
orientation at the subsolar point. Approximately 3 minutes after the
spacecraft enters darkness, 25 minutes of LM communications tests start.
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Before the start of these tests, the CSM RCS thrusters that might cause
impingement on the LM S-band steerable antenna when unstowed are dis-
abled. These thrusters are RCS jets B-3 and C~4. With these thrusters
disabled, the LM steerable antenna may track outside of the preseparation
pointing region. The lunar orbit sleep attitude will allow both CSM and
LM S-band steerable communications with MSFN. This sleep attitude is
held inertially fixed through the completion of the fourth revolution.
Another test of the lunar orbit sleep reacquisition mode is provided before
the crew starts its sleep period. The LM is vacated approximately

15 minutes after loss of MSFN line of sight.

5.1.6 Fifth revolution (Figure 10). - At the start of the fifth revolu-
tion, the spacecraft is in the inertially fixed lunar orbit sleep attitude.
At acquisition of MSFN line of sight a test of the lunar orbit sleep com-
munications reacquisition mode is provided. An 8-hour lunar sleep period
is started approximately 20 minutes after the acquisition of MSFN line of
sight. The lunar orbit sleep attitude is maintained inertially fixed through
the completion of the fifth revolution. CSM S-band HGA communications

are available from acquisition of MSFN line of sight to loss of MSFN line
of sight.

5.1.7 First lunar orbit sleep period (Figures 11, 12, 13, and 14). -
The inertial lunar orbit sleep geometry is shown in Figure 15. An inertial
attitude hold is used to minimize RCS fuel usage and to provide continuous
CSM S-band HGA communications when line of sight to earth exists. The
attitude must be compatible with CSM S-band HGA communications. Also,
RCS quad cold problems must be avoided. The thermal constraints may
be avoided by placing the CSM X-axis normal to the sun plus or minus
some bias. The allowable bias is approximately 40 degrees. The CSM
must also be rolled so that direct sunlight "'splits' two RCS quads. This
insures that all the quads receive some heating. Two quads receive direct
sunlight, and the other two quads receive reflected heat from the lunar
surface. A flight crew constraint is that the CSM X-axis remain in-plane
during the sleep period. All these constraints are satisfied by the inertial
Iunar orbit sleep attitude. The 40-degree bias and the roll to split the
RCS quads is taken in such a way that communications are improved. The
inertial attitude is such that the CSM is pitched -140 degrees and rolled
135 degrees from the local horizontal orientation at the subsolar point.
The longitude of the subsolar point used in calculating the attitude is the
longitude at the nominal time of starting the crew sleep period. The atti-
tude is kept in a G&N attitude hold with a £+10-degree dead band throughout
the lunar orbit sleep period. Two adjacent RCS quads are used for attitude
control. Additional information on the lunar orbit sleep attitude may be
cbtained from Reference 10. The lunar orbit sleep period lasts approxi-
mately 8 hours, being terminated late in the ninth revolution. The inertial
sleep attitude is maintained through the completion of the ninth revolution.
CSM S-band HGA communications will be available from acquisition of
MSF'N line of sight to loss of MSFN line of sight in each vehicle revolution.
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5.1.8 Tenth revolution (Figure 16). - At the beginning of the tenth
revolution, the spacecraft is in the inertial lunar orbit sleep attitude and
the crew is awake. This attitude is maintained inertially fixed until
approximately 4 minutes prior to loss of MSFN line of sight. The LM is
occupied approximately 8 minutes after acquisition of MSFN line of sight,
and the sleep attitude provides LLM steerable antenna communications for
the LM communications checks. The sleep attitude also satisfies the atti-
tude requirements for a CSM IMU realignment to the landing site
REFSMMAT, which occurs approximately 2 minutes after the CSM/LM
enters into darkness. Prior to loss of MSFN line of sight the spacecraft
is maneuvered to the initial inertial attitude for a mode I landmark track-
ing to be performed on landmark 130 in the eleventh revolution. This
attitude is held inertially fixed through the completion of the tenth revolu-
tion. CSM and LM S-band steerable communications will be available
from acquisition of MSFN line of sight until the maneuver to the landmark
tracking attitude.

5.1.9 Eleventh revolution (Figure 17). - At the beginning of the elev-
enth revolution the spacecraft is in the initial inertial attitude for a mode I
landmark tracking on landmark 130. This attitude is held inertially fixed
until 90 seconds before the CPA to landmark 130. After the completion of
the mode I landmark tracking sequence on landmark 130, the spacecraft is
maneuvered to an attitude that is rolled 180 degrees from the CSM/LM
undocking attitude. CSM and LM S-band steerable communications were
not available during the landmark tracking sequence, but this maneuver -
allows CSM and LM S-band steerable communications. This attitude is
held inertially fixed until approximately 3 minutes after loss of MSFN line
of sight. The spacecraft is then rolled 180 degrees (right) to the undocking
attitude and held inertially fixed while LM checkout continues.

Approximately 25 minutes before undocking, the vehicle is yawed
14 degrees (right) for a LM AGS calibration. After completion of the AGS
calibration, the spacecraft is yawed -14 degrees (left) to return to the
undocking attitude. The undocking attitude is then held inertially fixed
until CSM/LM undocking. This occurs early in the twelfth revolution.
CSM and LM S-band steerable antenna communications are available from
the completion of landmark tracking until loss of MSFN line of sight.

5.2 Undocking to LM Jettison

5.2.1 Undocking to DOI (Figure 18). - Undocking will occur at
98:10:00 g. e. t., which is approximately 25 minutes prior to the CSM-RCS
separation burn. The orientation of the vehicles is such that the LM is
ahead of the CSM. The CSM is in-plane, heads down and pitched
13.3 degrees above the local horizontal. This attitude is the CSM inertial
separation burn attitude except for a 180-degree roll angle that shades the
CSM windows during the LM inspection. Following undocking the LM will
null the relative range rate after a separation distance of 40 to 50 feet is
achieved. The CSM will then station keep at this distance while the LM
performs a 120-degree negative roll (pilot yaw right) maneuver and a
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90-degree positive pitch maneuver. This will place the LM heads down
and at an attitude where the crews will be eye to eye. The CMP will then
inspect and photograph the LM landing gear and descent engine bell while
the LM does a rotation maneuver (pilot yaw right) of 2 degrees per second
for 360 degrees. Immediately after completion of the inspection, the LM
will begin station keeping and the CSM will manually roll 180 degrees to
acquire the MSFN with the HGA. These attitudes are held inertially fixed
until after the CSM-RCS separation burn cutoff.

Separation is accomplished by the CSM X-axis RCS thrusters apply-
ing a AV of 2.5 feet per second radially downward. This maneuver is per-
formed at approximately 180 degrees central angle prior to DOIL. At
separation burn ignition the CSM is in-plane and pitched 90 degrees above
the local horizontal (positive X-axis is coincident with the radius vector).
An attitude maneuver should not be required at this time since the CSM
undocking attitude was the inertial separation burn attitude. The LM will
have performed small translation maneuvers during the LM station keeping
phase so that it will be above and slightly ahead of the CSM at separation.
This will allow the LM to visually monitor the CSM~RCS separation burn
while maintaining an attitude that is favorable for establishing the RR
tracking attitude which follows separation. Each spacecraft will be in an
attitude favorable for HGA communications during the separation burn.

Following the CSM separation burn, the CSM and LM will be maneu-
vered (pitched) automatically to the required attitudes for CSM SXT track-
ing - VHF ranging and LM RR tracking. The necessary tracking attitude
results in the center of the common coverage of the CSM SXT and RR
transponder to be pointing at the LM (35 degrees from the positive X-axis
toward the positive Z-axis measured in the X-Z plane). Likewise, the
center of coverage of the LM tracking light should be pointing at the CSM
(along the positive Z-axis). This attitude is also the preferred attitude for
LM RR coverage. For this tracking period, and for all subsequent CSM/
LM tracking, the CSM is oriented in a heads down attitude and the LM in
a heads up attitude. The initial attitudes of the vehicles allow for CSM
SXT /RR transponder and LM RR/tracking light line-of-sight maintenance.
The amount each vehicle is pitched in order to obtain the preferred track
axis (vehicle-to-vehicle look angles discussed above) is dependent upon the
relative positions of the vehicles at the time of separation. Assuming that
the LM is 50 feet above and 5 feet ahead of the CSM at separation, the
CSM will be pitched approximately 35 degrees and the LM will be pitched
approximately 0.5 degree following the CSM separation burn cutoff in
order to obtain the preferred track axis.

The CSM and LM will perform an IMU realignment beginning about
5 minutes after sunset. Both vehicles will be in inertial attitude hold dur-
ing the IMU realignments and will continue in this mode until 6 minutes
prior to LM DOI burn ignition. At this time the CSM will begin an auto-
matic maneuver to the preferred track axis discussed previously in order
to monitor the LM burn and to provide radar transponder coverage. The
LM will begin an automatic maneuver to the inertial DOI burn attitude
which is a retrograde, in-plane orientation. The LM DPS DOI burn igni-
tion occurs at 99:33:59 g.e. t.

19



The attitude of the CSM from the time it performs a 180-degree roll
maneuver subsequent to the LM inspection to LOS is favorable for HGA
communications. The attitude of the LM from the time the LM begins sta-
tion keeping until LOS is favorable for HGA communications.

A relative motion plot of the two spacecraft from separation to DOI
is illustrated in Figure 19. It was assumed that the LM was approximately
50 feet above the CSM at separation. The attitude sequences from undock-
ing to DOI were developed by utilizing the crew procedures information
presented in References 11 and 12.

5. 2.2 DOI burn cutoff to phasing burn ignition (Figure 20). - The
CSM-LM relative motion for the lunar orbit phase from DOI to docking is
shown in Figure 21.

Following cutoff of the DPS DOI burn at 99:34:27 g.e. t., the LM
orients to the RR tracking attitude described in the preceding section.
This tracking interval lasts for approximately 15 minutes after which the
LM orients to the inertial powered descent initiation (PDI) attitude. The
PDI attitude is defined at pericynthion of the descent orbit by a LM retro-
grade, local horizontal, and face down orientation. The CSM continues to
track the LM for an onboard determination of the LM descent orbit state
vector. Following DOI cutoff, the CSM continues SXT tracking - VHF
ranging operations until termination of the LM phasing burn (assuming
both of these burns are nominal). Reference 11 contains the CSM contin~
gency procedures for the CSM-LM rendezvous. This CSM tracking period
is interrupted shortly before MSFN line-of-sight acquisition for the CSM
to perform a 180-degree roll maneuver. This maneuver places the CSM
plus Z-axis forward, in the direction of motion, providing S-band HGA
communications at MSFN acquisition. Following the roll maneuver, the
CSM is reoriented to the tracking attitude, and SXT tracking - VHF rang-
ing is resumed. The CSM tracking profile from MSFN acquisition to
nominal phasing burn cutoff permits MSFN coverage through the HGA.
CSM and LM tracking periods were obtained from Reference 13 with two
exceptions. First, the prephasing tracking for the CSM was obtained from
Reference 11 and the post-DOI LM tracking was agreed upon in an F mis-
sion data priority meeting on March 10, 1969. The second exception is
the inclusion of a LM-IMU realignment lasting 15 minutes during the post-
phasing tracking period. The termination of this tracking period for the
LM was also changed to 5 minutes prior to LM loss of MSFN line of sight.
This change was obtained informally from the Math-Physics Branch -
MSC. It is emphasized that CSM and LM preinsertion tracking periods are
subject to change and the times shown in this report for these periods
should not be regarded as final.

The LLM acquires earth line of sight in the PDI attitude. A negative
roll (pilot yaw right) of 180 degrees and a negative pitch maneuver is exe-
cuted in preparation for the landing radar (LR) test. The direction of the
roll (pilot yaw) is required to verify the ability to maintain S-band high-
gain communications during this maneuver, and the pitch maneuver orients
the LM to the local vertical (LM plus X-axis up). A pitch rate of approxi-
mately -0. 055 degree per second is induced with the LM X-axis pitched
back 10 degrees from the local vertical. The LR test is initiated

20



400 seconds prior to pericynthion of the descent orbit trajectory and ends
600 seconds later. The landing site is visible through the LM window for
approximately 1 minute during the test. The spacecraft attitude sequence
for the LR test is shown in Figure 22. Note from the figure that the LM

could be reoriented, following LR test completion, to increase the landing
site observation time.

Upon completion of the LR test, the LM prepares for the DPS phas~-
ing burn. The inertial burn attitude (plus X-axis 29 degrees above the
local horizontal in the direction of motion and face down at ignition) is
established 8 minutes prior to ignition which occurs at 100:46:21 g. e. t.
The LM attitude profile from MSFN acquisition to ignition provides HGA-~
MSFN line of sight.

5. 2.3 Phasing burn cutoff to insertion burn ignition (Figure 23). -
The DPS phasing burn cutoff is at 100:47:03 g. e. t. with the LM holding the
burn attitude inertially until executing a pitch and roll (pilot yaw) maneuver
for RR tracking of the CSM starting 5 minutes after burn termination. The
CSM, upon confirming the burn is nominal, continues the line-of-sight
maintenance tracking attitude rate and resumes tracking beginning 5 min-~
utes after the burn. The LM tracking attitude at the end of the 10-minute
tracking period is held inertially fixed for the LM IMU realignment men-
tioned previously. The CSM also tracks for 10 minutes and maintains the
final tracking attitude inertially fixed.

The CSM and LM initiate tracking again at 101:17:03 g.e. t. At
101:20:47 g. e. t. (5 minutes prior to loss of MSFN line of sight by the LM)
the LM terminates tracking. The LM orientation at the end of tracking is
maintained inertially until resumption of LM RR tracking at 101:59:18
g.e.t. The CSM terminates tracking at 101:27:03 g. e. t. holding the final
tracking attitude inertially fixed until the next tracking period beginning at
101:48:18 g. e.t. LM and CSM attitudes for the period from phasing burn
cutoff to loss of MSFN provide HGA communication for both vehicles.

After the CSM ceases tracking at 102:18:18 g. e. t., the vehicle
maneuvers to the inertial mirror image (MI) insertion burn attitude. The
MI burn attitude is a means of providing CSM backup capability for the
LM rendezvous burns from insertion to the final braking maneuvers (the
CSM nominally performs the docking maneuver). The MI burn attitude
consists of aligning the CSM propulsion system (SPS or RCS) in a thrusting
direction opposite the LM burn orientation. Ignition for the MI burn is
scheduled at 3 minutes after the nominal time of ignition for the LM burn.

The CSM MI insertion burn attitude, at the time of LM insertion
burn ignition, has the plus X-axis 26. 8 degrees above the local horizontal
in the direction of motion with the crew heads down. The MI burn attitude
is maintained until the LM burn is performed and verified. The CSM
acquires MSFN in the MI burn attitude with the S-band HGA oriented
nominally for MSFN coverage.
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The LM terminates tracking at 102:19:48 g. e. t. and prepares for
jettison of the descent stage. The jettison maneuver sequence begins at
102:33:18 g. e. t. with the LM orienting to a retrograde, face down local
horizontal attitude. An RCS minus X-axis burn of 2 feet per second is then
executed. Shortly after this burn, the LM RCS plus X-axis thrusters are
fired to provide a 2-foot per second retrograde AV increment, During
this burn, the descent stage is jettisoned. The object of these maneuvers
is to place the descent stage in a higher orbit and return the LM ascent
stage to essentially the original (phasing) crbit. This results in the descent
stage being behind and above the LM ascent stage at insertion burn ignition,
thereby, minimizing the probability of recontact between the ascent stage
and descent stage during the burn.

Following descent stage jettison, the LM prepares for the ascent
propulsion subsystem (APS) insertion burn. The LM insertion burn atti-
tude at ignition (102:43:18 g. e. t. ) is with the LM plus X-axis 24. 4 degrees
above the local horizontal opposite the direction of motion and the plus
Z-axis towards the moon. The LM attitude from MSFN acquisition to burn
ignition provides high-gain coverage with the MSFN,

5.2.4 Insertion burn cutoff to CDH burn ignition (Figure 24). - Burn
termination for the APS insertion burn occurs at 102:43:33 g.e.t. The LM
holds the burnout attitude inertially until time to orient for a RR tracking
period beginning 18 minutes after burn cutoff. The reorientation maneuver
to the initial tracking attitude involves a 180-degree roll (pilot yaw) and
pitch of 120 degrees to point the plus Z-axis approximately along the local
horizontal in the direction of motion.

The CSM, upon confirmation of a nominal APS insertion burn, ori-
ents from the MI insertion burn attitude to a retrograde, heads down iner-
tial attitude. The purpose of this orientation is to establish a suitable
attitude for performing an IMU realignment and provide S-band HGA-MSFN
line of sight. This attitude also prepares the CSM for the SXT tracking -
VHF ranging period starting 23 minutes after insertion burn termination.

The CSM and LM track until approximately 16 minutes and 11 min-
utes, respectively, prior to the CSI burn. At these times the vehicles
maneuver to their inertial CSI burn attitudes (LM posigrade local hori-
zontal and face down, CSM retrograde local horizontal and heads up at
RCS burn ignition). Both CSM and LM high-gain communications are sat-
isfactory throughout the time from insertion burn cutoff to loss of MSFN.

The LM performs the CSI burn with the plus X-axis RCS thrusters
beginning at 103:33:46 g. e.t. The burn attitude is maintained inertially
and the LM prepares for another period of RR tracking starting 6 minutes
after the CSI burn. This maneuver consists of pitching the Z-axis up to
the local horizontal in the direction of motion.

The CSM, after verifying the LM CSI burn was nominal, also orients

to the SXT tracking - VHF ranging attitude. The maneuver is essentially
a roll of 180 degrees to establish the initial heads-down tracking attitude.
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The roll maneuver is required because the MI CSI burn attitude is heads
up to allow MSF'N coverage until loss of signal. The CSM tracking period
also starts 6 minutes after the burn.

After this period of tracking (20 minutes for the CSM and 17 minutes
for the LLM), another tracking interval is started 9 minutes later for the
LM and 5 minutes later for the CSM. The LM plane change maneuver
occurs in this break but is not simulated in this document. After resuming
tracking, both vehicles maintain the respective tracking attitude for the
duration of the period which ends at 104:20:18 g. e.t. In this second _
period, MSFN line of sight is acquired. The LM tracking attitude provides
S-band high-gain lock but the CSM attitude violates high-gain antenna
pointing constraints. High-gain communications requirements are satis-
fied, however, when the CSM orients to the inertial MI CDH burn attitude
(retrograde local horizontal and heads down at LM RCS ignition). The LM
inertial CDH burn attitude (plus Z-axis forward along the local horizontal
and heads up at ignition) also provides MSFN coverage with the LM steer-
able antenna. The LM orients to the CDH burn attitude following the RR
tracking ending at 104:20:18 g.e.t. CDH burn ignition is at 104:31:42
g.e.t. The four RCS minus X-axis thrusters perform the burn with the
thrust direction radially downward,

5. 2.5 CDH burn cutoff to docking (Figure 25). - After cutoff of the
CDH burn at 104:31:45 g. e. t., the LM and CSM begin another period of
tracking 4 and 5 minutes later, respectively. The CSM and LM tracking
attitudes provide high-gain coverage during this period. Both vehicles
hold the tracking attitude inertially at the end of the period (17 minutes and
19 minutes in length for the CSM and LM, respectively) until executing
their TPI burn attitude orientation. The LM performs TPI with the plus
X-axis jets in a heads up posigrade attitude. The CSM MI burn attitude is
heads down and retrograde at the nominal time of ignition (105:08:57
g.e.t.). Following TPI cutoff at 105:09:13 g.e. t., two short periods of
tracking by the CSM and LM occur prior to the LM RCS braking burn at
105:50:14 g. e.t. (The CSM-LM separation at burn ignition is 3000 feet.
The first braking burn at a separation distance of 5000 feet was not
required in the rendezvous maneuver simulation. All braking burns are
performed by the RCS minus Z-axis thrusters.) The first of the two
tracking periods is within sight of MSFN stations. The CSM and LM HGA
positions are acceptable for MSFN acquisition until loss of signal.

The CSM maintains the required line-of-sight tracking attitude dur-
ing the subsequent LM braking maneuvers. The LM also continues with
the nominal RR tracking attitude (plus Z-axis pointed at the CSM) between
the braking burns. This tracking profile is compatible with the line-of-
sight thrust direction (along the LM minus Z-axis).

The final LM braking burn (at 100 feet CSM-LM separation distance)
is performed at 105:56:36 g.e.t. The CSM-LM range at burn termination
is approximately 85 feet with an approximate closing rate of 0. 2 foot per
second. When the LM closes to within 50 feet of the CSM (the LLM is ahead
and slightly below the CSM at this point), both vehicles begin final docking
preparations. The LM pitches negatively through 90 degrees to point the
LM plus X-axis at the CSM. The vehicle-to-vehicle line of sight is then
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approximately normal to the sun line of sight. As noted earlier, the CSM
executes the closing translational maneuvers required for docking.
Completion of the CSM/LM docking maneuver was assumed at 106:20:00
g.e.t.

5.2.6 Docking to LM jettison (Figure 26). - After post-docking
checks, the spacecraft is maneuvered to the LM jettison attitude. The
attitude is such that the LM is in the correct inertial burn attitude for the
APS burn to depletion, which occurs approximately one revolution after
docking. The attitude must also provide LM HGA communications for
MSFN tracking of the burn. This attitude is held inertially fixed until time
for LM jettison at 108:29:24 g. e. t.

5.3 LM Jettison to TEI Burn Ignition

5.3.1 LM jettison to end of seventeenth revolution (Figure 27). -
Since the LM APS burn to depletion is an unmanned burn, the LM must be
jettisoned in the correct inertial attitude for the APS burn. The LM jetti-
son attitude is such that the LM is in the local horizontal orientation at the
LM APS burn ignition (108:38:57 g.e.t. ). The LM jettison occurs at
90 degrees east selenographic longitude with the CSM pitched 90 degrees
and rolled -60 degrees from the local horizontal orientation. Immediately
following jettison, the CSM is translated above the LM, using short RCS
thrusts. After translating above the LM, a CSM AV of 2 feet per second
is applied radially upward to effect final separation. This evasive maneu-
ver puts the CSM above and behind the LM at the APS burn ignition.
Following the evasive maneuver, the CSM is maneuvered to a LM obser-
vation attitude. This attitude is an inertially fixed attitude that allows the
LM APS burn to be seen through the CSM hatch and rendezvous windows.
This attitude also allows CSM S-band HGA communications.

The unmanned LM APS burn to fuel depletion is initiated with the LM
at 0 degree selenographic longitude. The burn is an in-plane, posigrade,
face-down burn with the LM aligned along the local horizontal orientation
at burn ignition. The burn is targeted to place the LM ascent stage in
solar orbit. The LM remains in continuous line of sight with MSFN with
LM S-band steerable antenna coverage available for monitoring of the LM
for several hours after the burn.

Following the LM burn and approximately 16 minutes before loss of
MSFEN line of sight, the CSM maneuvers to the lunar orbit sleep attitude.
This attitude is held inertially fixed through the completion of the seven-
teenth revolution. Both CSM and LM S-band steerable antenna communica-
tions are available during the seventeenth CSM revolution whenever line of
sight to MSFN exists.

5.3.2 Second lunar orbit sleep period (Figures 28, 29, 30, and 31). -
The CSM attitude during the second lunar orbit sleep period will be the
same attitude as that for the first lunar orbit sleep period. This sleep
period, following the strenuous rendezvous day, will be approximately
9 hours long with sleep terminating early in the twenty-second revolution.
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The inertial attitude hold during the sleep period will provide CSM S-band
HGA communications from acquisition of MSFN line of sight to loss of
MSFEN line of sight during each revolution.

5.3.3 Twenty-second revolution (Figure 32). - Early in the twenty-
second revolution, the second lunar orbit sleep period is terminated.
Approximately 5 minutes after acquisition of MSFN line of sight, the CSM
is maneuvered to the initial attitude for an oblique photography sequence
of LS2. A schematic of an oblique photography sequence is shown in
Figure 33. The camera used for the photography sequence will be placed
in a bracket that is mounted in the CSM right-hand rendezvous window.
The camera optical axis, using the bracket, will be pitched 12 degrees (up)
from the CSM X-axis (Reference 14). The oblique photography attitude
sequence will allow the LS line of sight to remain within a 15-degree half-
angle cone about the camera optical axis. The initial attitude for the pho-
tography sequence will allow the LS to be seen as the spacecraft crosses
the LS topocentric horizon. The CSM is pitched -8 degrees and rolled
180 degrees from the local horizontal orientation. This attitude is held
locally fixed until approximately 20 degrees elevation from LS2. A
0.5 degree per second pitch rate is then initiated to keep 1.S2 in the cam-
era field of view. The pitch rate is terminated at the LS zenith. The
spacecraft attitude is changing faster than the LS line of sight during the
period the spacecraft is at low elevation angles. The maximum backup
occurs at approximately 47 degrees elevation, after which the LS line of
sight changes faster than the spacecraft attitude. At the completion of the
sequence the spacecraft has been pitched approximately 78 degrees below
the local horizontal.

At the completion of the oblique photography sequence, the pitch rate
is terminated and the existing attitude is held inertially fixed. This atti-
tude satisfies the requirements for an IMU realignment to the landing site
REFSMMAT, which occurs approximately 7 minutes prior to loss of MSFN
line of sight. Prior to the CSM entering into sunlight, the spacecraft is
maneuvered to an attitude that allows vertical strip photography of the
spacecraft groundtrack. The spacecraft attitude is a pitch of -78 degrees
and a roll of 180 degrees from the local horizontal orientation. This
allows the camera optical axis to be pointed vertically down and allows the
spacecraft windows to be shaded from the sun. This attitude is held
locally fixed through the completion of the twenty-second revolution. CSM
S-band HGA communications will be available from acquisition of MSFN
line of sight to loss of MSFN line of sight.

5.3.4 Twenty-third revolution (Figure 34). - At the beginning of the
twenty-third revolution, ithe CSM is in the locally fixed strip photography
attitude. This attitude is maintained locally fixed until the spacecraft
reaches the subsolar point. The CSM is then maneuvered to shade the
spacecraft windows from the sun. The CSM attitude, with respect to the
local horizontal orientation, is then a pitch of -102 degrees. This attitude
allows the camera optical axis again to be pointed vertically down. This
attitude is maintained locally fixed. As the spacecraft approaches LS1,
the CSM is yawed 20 degrees (right) to include LS1 in the photography.
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After passing L.S1, the CSM is yawed -20 degrees (left) to place the cam-
era axis back on the spacecraft groundtrack. The strip photography atti-
tude is maintained locally fixed until the lunar morning terminator is
reached. At the terminator, the spacecraft is maneuvered to an IMU
realignment attitude. This inertial attitude satisfies the attitude require-
ments for the IMU realignment to the landing site REFSMMAT, which
occurs approximately 2 minutes after the spacecraft enters darkness. The
IMU realignment attitude also sets up the undocked landmark sighting atti-
tude for the series of sightings starting early in the twenty-fourth revolu-
tion. The IMU realignment attitude is held inertially fixed until the CSM
becomes pitched 22 degrees below the local horizontal orientation. The
inertial attitude hold is then terminated, and a local attitude hold is ini-
tiated for the landmark sightings. This attitude is maintained locally fixed
through the completion of the twenty-third revolution. CSM S-band HGA
communications will be available from the maneuver to the IMU realign-
ment attitude until loss of MSFN line of sight.

5.3.5 Undocked lunar landmark tracking. - During the undocked
landmark tracking periods, several lunar landmarks are to be tracked in
each vehicle revolution. Because of this, a relatively simple spacecraft
attitude mode which does not require attitude reorientations between sight-
ings should be used. In addition, LM blockage, which obscured part of the
CSM optics during docked sightings, is no longer a problem for the
undocked sightings. For these reasons, mode III type landmark tracking
will be used for the undocked landmark sightings (Reference9). The space-
craft attitude, with respect to the local horizontal orientation, during
undocked sightings is a pitch of -22 degrees. The geometry of the mode III
type landmark tracking is shown in Figure 35, The landmark enters the
SCT field of coverage 100 seconds before the CPA (32 degrees elevation)
and exits the SXT field of coverage 56 seconds past the CPA (49.7 degrees
elevation). Although the tracking and acquisition times are significantly
reduced over those of the mode I docked sightings, the landmark remains
in the SXT field of coverage for 146 seconds within the acceptable mark
region. This should be adequate time to obtain the required 5 marks. It
should be pointed out, if trouble occurs in obtaining the marks, additional
tracking time can be made available by adding a small pitch rate near the
end of the tracking period. The optical blind zone constraint may be sat-
isfied, as in the docked sightings, by rolling the spacecraft as the land-
mark is approached to assure a minimum trunnion angle of at least
10 degrees.

Two times, T1 and T, are used during undocked landmark sightings
to help in acquiring the correct landmark. T occurs when the space-
craft is 35 degrees elevation from the IP for the landmark. T occurs
when the spacecraft is 35 degrees elevation from the landmark., The times
listed in Table II{c) for the beginning of tracking of the landmarks are the
T> times.

5.3.6 Landmark tracking revolutions (Figures 36, 37, 38, and 39). -
Revolutions twenty-four, twenty-five, twenty-six, and twenty-seven are
very similar. A series of four landmarks are tracked on each of these
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four consecutive revolutions. The landmarks to be tracked on these rev-
olutions are CP{, CP2, F-1, and landmark 130. Of these, it is not man-
datory to track F-1, but it is included in the timeline to be tracked if

sufficient time is available without endangering the tracking of the other
three landmarks.

During each vehicle revolution, the mode III local horizontal attitude
is maintained throughout the tracking of the four landmarks. On revolu-
tions 24, 25, and 26, after the completion of landmark tracking on land-
mark 130, the CSM is maneuvered to an IMU realignment attitude. This
attitude satisfies the requirements for the IMU realignment to the landing
site REFSMMAT, which occurs immediately after darkness on each of
these revolutions. The IMU realignment attitude also sets up the land-
mark sighting attitude for the next revolution. The IMU realignment atti-
tude is maintained inertially fixed until the CSM becomes pitched
22 degrees below the local horizontal orientation. The inertial attitude
hold is then terminated, and a local attitude hold is initiated for the land-
mark tracking.

In revolution 27, the last of the consecutive landmark tracking rev-
olutions, the CSM is maneuvered to a lunar orbit rest attitude after the
completion of landmark tracking on landmark 130. This rest attitude is
held inertially fixed through the end of the twenty-seventh revolution.
CSM S-band communications are available on each of these revolutions

only from the end of landmark tracking on landmark 130 to the loss of
MSFE'N line of sight.

5.3.7 Twenty-eight revolution (Figure 40). - After the completion of
the landmark tracking in the twenty-seventh revolution, a 3-1/2 hour rest
period is provided for the crew. During this time, no duties are scheduled
and the spacecraft is left in an inertial attitude hold. The lunar orbit rest
attitude provides CSM S-band HGA communications whenever line of sight
to MSFN exists. In addition, the rest attitude allows observation of the
lunar surface near the lunar morning terminator, if desired. The lunar
orbit rest attitude is maintained inertially fixed throughout the twenty~
eighth revolution.

5.3.8 Twenty-ninth revolution (Figure 4t). - At the beginning of the
twenty-ninth revolution, the CSM is in the inertially fixed lunar orbit rest
attitude. Early in the twenty-ninth revolution, the rest period is termi-
nated, and the CSM is maneuvered to the initial attitude for an oblique
photography sequence of LLS3. The attitude sequence for the oblique photo-
graphy is the same as that discussed earlier for the oblique photography
sequence of LS2 in the twenty-second revolution. At the completion of the
oblique photography sequence of LLS3, the pitch rate is terminated and the
spacecraft is maneuvered to an IMU realignment attitude. This inertially
fixed attitude satisfies the requirement for an IMU realignment to the land-
ing site REFSMMAT, which occurs approximately 5 minutes after the CSM
enters darkness. This attitude is held inertially fixed until approximately
5 minutes after the loss of MSFEFN line of sight. " The CSM is then maneu-
vered to the lunar observation attitude for targets of opportunity photo-
graphy. The CSM attitude, with respect to the local horizontal orientation,
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is a pitch of -45 degrees and a roll of 180 degrees. This attitude is main-
tained locally fixed through the completion of the twenty-ninth revolution.
The lunar observation attitude allows photography of the spacecraft
groundtrack through the CSM hatch and rendezvous windows and oblique
photography through the CSM side windows. CSM S-band HGA communica-
tions will be available from the acquisition of MSFN line of sight until loss
of MSFN line of sight.

5.3.9 Thirtieth revolution (Figure 42). - At the beginning of the
thirtieth revolution, the CSM is in the locally fixed lunar observation atti-
tude. This attitude is maintained locally fixed until approximately 9 min-
utes after acquisition of MSEFN line of sight. The CSM is then maneuvered
to the undocked lunar landmark tracking attitude for landmark tracking on
B1 and landmark 150. The CSM attitude, with respect to the local hori-
zontal orientation, is a pitch of -22 degrees. This attitude is held locally
fixed throughout the two landmark tracking periods. Upon completion of
the landmark tracking on landmark 150, the CSM is rolled 180 degrees for
communication, and the resulting attitude is held inertially fixed through
the completion of the thirtieth revolution. CSM S-band HGA communica-
tions will be available from the maneuver after the landmark sighting on
landmark 130 to the loss of MSFN line of sight.

5.3.10 Thirty-first revolution (Figure 43). - At the beginning of the
thirty-first revolution, the CSM is in an inertially fixed communications
attitude. This attitude is maintained until approximately 10 minutes prior
to acquisition of MSFN line of sight. The CSM is then maneuvered to the
vertical strip photography attitude for descent strip photography. The
CSM attitude, with respect to the local horizontal orientation, is a pitch of
-102 degrees. This allows the camera optical axis to be pointed vertically
down, and the CSM windows to be shaded from the sun during the actual
photography. This attitude is held locally fixed during the photography.

At 85 degrees east selenographic longitude, the spacecraft is yawed

~20 degrees (left) to include a highland site (Censorinus) in the photo-
graphy. At 30 degrees selenographic longitude, the CSM is yawed

20 degrees (right) to place the camera axis back on the spacecraft ground-
track. The strip photography attitude is maintained locally fixed until
after the spacecraft crosses the lunar morning terminator. The CSM is
then maneuvered to an attitude that is rolled 180 degrees from the TEI
burn attitude. This attitude is held inertially fixed. This attitude satisfies
the attitude requirements for the IMU realignment to the landing site
REFSMMAT, which occurs approximately 14 minutes after the CSM enters
into darkness. After the completion of the IMU realignment, the CSM is
rolled 180 degrees into the TEI burn attitude. This attitude is held iner-
tially fixed through the completion of the thirty-first revolution. CSM
S-band HGA communications will be available from the completion of the
strip photography until the maneuver to the TEI burn attitude.

5.3.11 Start of thirty-second revolution (Figure 44). - Shortly after
the CSM enters the thirty-second revolution, the TEI burn occurs. The
TEI burn is an SPS burn which boosts the CSM from the approximately
60-nautical mile circular lunar orbit into the transearth trajectory. The
burn is performed with the CSM in a posigrade attitude, and the crew is
heads down to afford visual reference with the lunar surface. The TEI
burn ignition occurs at 137:20:22 g. e. t.
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6. TRANSEARTH

The transearth phase of the mission begins at TEI burn termination
and ends at earth atmospheric entry of the CM. Most of the major events
occurring in this phase (midcourse corrections, PTC, IMU realignments,
and cislunar navigation) are similar in nature to the translunar coast.
Those events unique to the transearth phase, which will be discussed in
this section, are the attitude sequences following TEI and prior to entry.
The spacecraft attitude data for the transearth coast phase are presented
in Table II(d).

6.1 Post-TEI Sequence of Events

Following TEI cutoff at 137:23:11 g.e.t. the CSM maneuvers to an
inertial attitude that provides the crew with visual observation of the lunar
surface. This orientation consists of the CSM plus X-axis pointing radi-
ally inward and the plus Z-axis forward in the trajectory plane. MSFN
communications through the HGA at acquisition of signal is also provided
with this attitude. Earth line of sight is acquired at 137:29:15 g, e.t. An
IMU realignment begins at approximately 138:00:00 g. e. t. during which
the IMU reference system is realigned to the PTC REFSMMAT defined in

Section 4. The completion of the realignment marks the termination of
post-TEI activities,

6.2 Preentry Sequence of Events

The start of the preentry attitude sequence is assumed at 187:30:00
g. e. t. when the spacecraft IMU is aligned to the entry REFSMMAT. This
inertial reference system corresponds to the nominal CM entry attitude
of 156 degrees positive pitch from the local horizontal at the nominal time
of entry with the body X-Z axes in-plane. A midcourse correction is
scheduled at 188:50:00 g. e.t., if required. One hour later, at 189:50:00
g.e.t., the CSM orients to the entry attitude and performs a star check
to verify the attitude. An IMU realignment is performed at 190:15:00
g.e.t. Upon completion of the realignment, the spacecraft prepares for
the CM/SM separation maneuver which occurs at 191:35:00 g. e. t. The
CM/SM separation attitude is shown in Figure 45, The spacecraft is
yawed 45 degrees for separation to minimize CM-~SM recontact probabil-
ity during entry. After completing the separation maneuver, the CM
reorients to the nominal entry attitude in preparation for entry which
occurs at 191:50:32 g. e.t. The CM entry attitude is presented in
Figure 46,
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Mission F Event Timeline

-(a2) Translunar

Mission Time
(hr:min:sec)

02:
02:

02:

03
03

04:

04
04

05:

05
11

11

12:

24
25

26:
27:
28:
45:

45

38:
39:

53

:03
:05

08

128
128
00:

:30:
:33

:40:
00:
140:
:00:
30:
00:
00:
00:
:30:

49
09

149

:49
:49

149
47
:50

00

00

:00

00
00
00
00
00
00
00
00
00

Event

" TLI cutoff, inertial attitude hold

S-IVB maneuver to local horizontal attitude,
local attitude hold

S-IVB maneuver to CSM/S-IVB separation
attitude, inertial attitude hold

CSM/S-IVB separation

CSM null separation rate, pitch 180 deg
for docking

LM withdrawal
SPS evasive maneuver burn ignition
Evasive maneuver burn cutoff

Begin IMU realignment, change to PTC
REFSMMAT

Begin star-earth horizon navigation sightings

SPS midcourse burn ignition for G mission
groundtrack

Begin IMU realignment

Begin PTC

Terminate PTC, begin IMU realignment |
Begin star-earth horizon navigation sightings
Midcourse correction

Maneuver to S-band reflectivity attitude
Begin PTC

Terminate PTC, begin IMU realignment

Begin PTC at 3 revolutions per hour roll rate
without pitch-yaw axis control
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Table I.

Mission F Event Timeline
(a) Translunar (Continued)

Mission Time
(hr:min:sec)

49:30:00
53:00:00
53:45:00
54:30:00
70:00:00

70:45:00
72:00:00

72:35:00

72:47:00
74:38:00
74:45:00

75:38:00
75:45:43

Event

Terminate PTC test, resume normal PTC
Terminate PTC, begin IMU realignment
Midcourse correction

Begin PTC

Terminate PTC, begin IMU realignment,
change to landing site REFSMMAT

Midcourse correction

Maneuver to lunar TV attitude, inertial
attitude hold

Terminate TV, continue inertial attitude
hold

Enter lunar umbra
Enter sunlight

Maneuver to LOI-1 burn attitude, inertial
attitude hold

Lose MSFN line of sight
LOI-1 burn ignition
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Table I. Mission F Event Timeline
(b) Lunar Orbit

Mission Time

(hr:min:sec) Event

75:51:45 " LOI-1 cutoff, inertial attitude hold

76:00:00 Roll 180 deg for communications, inertial
attitude hold

76:12:05 Acquire MSFN line of sight

76:17:00 Maneuver to lunar observation attitude, local
attitude hold

76:55:00 . Terminate orbital rate, inertial attitude hold

76:55:06 Enter lunar umbra

77:00:00 Begin IMU realignment

77:20:00 Maneuver to sleep attitude for communica-
tions reacquisition test, inertial attitude hold

77:37:18 Lose MSFN line of sight

77:41:42 Enter sunlight

78:20:22 Acquire MSFN line of sight

78:30:00 Roll 45 deg to improve lunar observation
near morning terminator, inertial attitude
hold

79:03:35 Enter lunar umbra

79:05:00 Begin IMU realignment

79:20:00 Maneuver to LOI-2 burn attitude, inertial
attitude hold

79:45:20 Lose MSFN line of sight

79:50:10 Enter sunlight

80:10:46 LOI-2 ignition

80:11:00 LOI-2 cutoff, inertial attitude hold

80:20:00 Roll 180 deg for communications, inertial
attitude hold

80:29:54 Acquire MSFN line of sight

80:35:00 Maneuver to lunar observation attitude,

local attitude hold
81:00:00 Terminate local hold, inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

81:03:30 " Enter lunar umbra

81:10:00 Begin IMU realignment

81:41:52 Lose MSFN line of sight

81:45:00 LM occupied

81:49:52 Enter sunlight

81:50:00 Maneuver to landmark tracking attitude for

’ F-1, inertial attitude hold

82:27:45 Time T1 for F-1

82:27:56 Acquire MSFN line of sight

82:32:45 Time T, for F-1, start -0. 3 deg/sec pitch
rate for landmark tracking on F-1

82:35:45 Terminate pitch rate, inertial attitude hold

82:38:45 Maneuver to landmark tracking attitude for
B1l, inertial attitude hold

82:44:46 Time T1 for Bt

82:49:46 Time T2 for B1, start -0.3 deg/sec pitch
rate for landmark tracking on Bl

82:52:46 Terminate pitch rate, inertial attitude hold

82:55:46 Maneuver to sleep attitude, inertial attitude
hold

83:00:00 Deactivate CSM RCS jets B-3, C-4 prior to
LM S-band steerable activation

83:02:00 Enter lunar umbra

83:05:00 Start LM communications tests

83:30:00 Terminate LM communications tests

83:40:09 Lose MSFN line of sight

83:48:22 Enter sunlight

83:55:00 LM unoccupied
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Table 1.

Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time
(hr:min:sec)

84:26:14
84:45:00
85:00:30
85:38:20
85:46:52
86:24:36
86:59:01
87:36:32
87:45:22
88:22:55
88:57:30
89:34:49
89:43:51
90:20:36
90:56:01
91:32:31
91:42:22
92:18:51
92:54:29
93:00:00
93:30:46
93:40:51
94:17:07
94:25:00
94:53:00
94:55:00
95:25:00

Event

| Acquire MSFN line of sight

Start crew sleep period
Enter lunar umbra

Lose MSFE'N line of sight
Enter sunlight

Acquire MSFN line of sight
Enter lunar umbra

Lose MSFN line of sight
Enter sunlight

Acquire MSF'N line of sight
Enter lunar umbra

Lose MSFN line of sight
Enter sunlight

Acquire MSFN line of sight
Enter lunar umbra

L.ose MSF'N line of sight
Enter sunlight

Acquire MSFN line of sight
Enter lunar umbra

Crew wake-up

Lose MSFN line of sight
Enter sunlight

Acquire MSFN line of sight
LM occupied

Enter lunar umbra

Begin IMU realignment

Maneuver to landmark tracking attitude for
130, inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

95:29:05 | Lose MSFN line of sight

95:39:21 " Enter sunlight

96:15:28 Acquire MSFN line of sight

96:35:39 Time T, for 130

96:40:39 Time T for 130, start -0.3 deg/sec pitch
rate for landmark tracking on 130

96:43:39 - Terminate pitch rate, inertial attitude hold

96:46:39 Maneuver to undocking attitude rolled
180 deg, inertial attitude hold

96:51:30 Enter lunar umbra

97:27:23 Lose MSFN line of sight

97:30:00 Roll 180 deg to undocking attitude, inertial
attitude hold

97:37:51 Enter sunlight

97:45:00 AGS calibration maneuvers

97:55:00 LM deploy landing gear

98:10:00 Undocking, inertial attitude hold

98:12:39 LM maneuver to inspection attitude, inertial

attitude hold except for 360-deg roll (pilot
vaw) maneuver

98:13:24 CSM, LM acquire MSFN line of sight

98:15:39 LM begin station keeping, inertial attitude
hold

98:17:09 CSM roll 180 deg for S-band high-gain com-
munications, inertial attitude hold

98:35:16 CSM separation burn ignition, inertial atti-
tude hold

98:35:30 CSM separation burn cutoff

98:39:00 CSM maneuver to SXT tracking - VHF rang-

ing attitude; LM maneuver to RR tracking
attitude, line-of-sight maintenance
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

98:49:58 ' CSM enter lunar umbra

98:50:00 LM enter lunar umbra

98:55:00 CSM, LM begin IMU realignment, inertial
attitude hoid

99:25:38 CSM lose MSFN line of sight

99:25:39 LM lose MSFN line of sight

99:29:00 " LM maneuver to DOI burn attitude, inertial
attitude hold :

99:33:59 LM DOI burn ignition, inertial attitude hold;

CSM maneuver to SXT tracking - VHF rang-
ing attitude, line-of-sight maintenance

99:34:27 DOI burn cutoff, LM maneuver to RR track-

ing attitude ‘

99:36:18 CSM enter sunlight

99:36:23 LM enter sunlight

99:49:27 LM terminate tracking, maneuver to PDI
attitude, inertial attitude hold

100:04:27 CSM roll 180 deg, maneuver to SXT
tracking - VHF ranging attitude

100:11:43 CSM acquire MSFN line of sight

100:14:17 LM acquire MSFN line of sight

100:24:37 LM maneuver to LR test attitude, begin
-0.055 deg/sec pitch rate (approximate)

100:31:17 Pericynthion of LM descent orbit

LM at O-deg landing site elevation angle

100:41:31 LM enter lunar umbra

100:46:21 DPS phasing burn ignition, CSM monitor
burn in SXT tracking - VHF ranging attitude

100:47:03 Phasing burn cutoff, inertial attitude hold

100:48:27 CSM enter lunar umbra
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Table I.

Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time
{(hr:min:sec)

100:52:03

101:02:03

101:

101:

101

101:

101

101

1014;

101

101:
102:

102:
102:
102:

102:
+36:

102

102

102:
t02:
102:
103:
103:

17

20:
:23:
25;
127

:28:
34:
:48:
59:
08:

09:
14:
19:

33

14 3:
43:
46;
47:
01:
06:

:03

47
52
52
03

57
49
18
18
18

57
19
18

:18

18

18
33
58
58
33
33

Event

| CSM and LM maneuver to SXT tracking and

RR tracking attitude, respectively

CSM and LM terminate tracking, CSM iner-
tial attitude hold, LM maneuver to IMU
realignment attitude, inertial attitude hold

CSM and LM maneuver to SXT tracking and
RR tracking attitude, respectively

LLM terminate tracking, inertial attitude hold
CSM lose MSFN line of sight
LM lose MSFN line of sight

CSM terminate tracking, inertial attitude
hold

LM enter sunlight

CSM enter sunlight

CSM maneuver to SXT tracking attitude
LM maneuver to RR tracking attitude

CSM terminate tracking, maneuver to MI
insertion burn attitude, inertial attitude hold

CSM acquire MSFN line of sight
LM acquire MSFN line of sight

LM terminate tracking, maneuver to descent
stage jettison attitude, inertial attitude hold

Begin descent stage jettison

Complete descent stage jettison, maneuver to
insertion burn attitude, inertial attitude hold

APS insertion burn ignition

Insertion burn cutoff, inertial attitude hold
CSM enter lunar umbra

LM enter lunar umbra

LM maneuver to RR tracking attitude

CSM maneuver to SXT tracking - VHF
ranging attitude
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Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time
(hr:min:sec)

103:

103:
103:
103:

103:
103:
103:
- 103

18:

22:

24

33:
146
34:
:36:

33

103:40

104:
104:
104:

104:
104:
104:

08:
:03
20:

11

31
31

33

03

:01
24:

33

17

18
52

:18

12

18

42
145
35:

45

104:45:29
104:45:44
104:52:34

Event
CSM terminate tracking, maneuver to MI
CSI burn attitude, inertial attitude hold
CSM lose MSFN line of sight
LM lose MSFN line of sight

LM terminate tracking, maneuver to CSI
burn attitude, inertial attitude hold

CSM enter sunlight

CSI burn ignition (RCS plus X-axis 4 jets)
CSI burn cutoff, inertial attitude hold

LM enter sunlight

CSM and LLM maneuver to SXT tracking -
VHF ranging/RR tracking attitude,
respectively

CSM acquire MSFN line of sight
LM acquire MSFN line of sight

CSM and LM terminate tracking, CSM man-
euver to MI CDH burn attitude, inertial
attitude hold; LM maneuver to CDH burn
attitude, inertial attitude hold

CDH burn ignition (RCS minus X-axis 4 jets)
CDH burn cutoff, inertial attitude hold

CSM and LLM maneuver to SXT tracking -
VHF ranging/RR tracking attitude,
respectively

CSM enter lunar umbra
LM enter lunar umbra

CSM and LM terminate tracking, CSM man-
euver to MI TPI burn attitude, inertial atti-
tude hold; LM maneuver to TPI burn attitude,
inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
105:08:57 . TPI burn ignition (RCS plus X-axis 4 jets)
105:09:13 TPI burn cutoff, CSM and LM maneuver to

SXT tracking - VHF ranging/RR tracking
attitude, respectively

105:19:32 LM lose MSFN line of sight

105:20:07 CSM lose MSFN line of sight

105:31:49 - CSM enter sunlight

105:32:13 LM enter sunlight

105:50:14 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 3000 ft

105:50:30 Braking burn cutoff, CSM and LM continue
tracking

105:51:27 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 1500 ft

105:51:39 Braking burn cutoff, CSM and LM continue
tracking

105:53:04 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 500 {t

105:53:10 Braking burn cutoff, CSM and LM continue
tracking

105:54:24 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 100 {t

105:54:30 Braking burn cutoff, CSM-LM range = 85 ft,
CSM-LM range rate = -0. 22 ft/sec

105:57:10 CSM and LM maneuver to docking attitude,
CSM-LM range = 50 ft

106:06:33 CSM and LM acquire MSFN line of sight

106:20:00 CSM /LM docking, inertial attitude hold

106:43:56 Enter lunar umbra

106:50:45 Maneuver to LM jettison attitude, inertial
attitude hold

107:18:17 Lose MSFN line of sight
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Table I. Mission FF Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
107:30:17 | Enter sunlight
108:04:34 Acquire MSF'N line of sight
108:09:24 Complete LM jettison, LM inertial hold in
APS burn attitude; CSM evasive maneuver
ignition
108:09:29 CSM evasive maneuver cutoff, CSM maneu-

ver to LM observation attitude, inertial
attitude hold

108:38:57 LM unmanned APS burn to depletion ignition

108:42:3¢C Enter lunar umbra

109:00:00 Maneuver to sleep attitude, inertial attitude
hold, start crew sleep period

109:16:43 Lose MSFN line of sight

109:28:50 Enter sunlight

110:02:53 Acquire MSFN line of sight

110:40:59 Enter lunar umbra

111:14:55 Lose MSFN line of sight

111:27:19 Enter sunlight

112:01:11 Acquire MSFN line of sight

112:39:30 Enter lunar umbra

113:13:10 Lose MSFN line of sight

113:25:50 Enter sunlight

113:59:30 Acquire MSFN line of sight

114:37:59 Enter lunar umbra

115:11:26 Lose MSFN line of sight

115:24:20 Enter sunlight

115:57:11 Acquire MSFN line of sight

116:36:29 Enter lunar umbra
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
117:09:02 Lose MSFN line of sight
117:22:50 Enter sunlight
117:55:25 Acquire MSFN line of sight
118:00:00 Crew wake-up, maneuver to initial attitude
for oblique photography of LLS2, local atti-
tude hold
118:19:29 Start 0.5 deg/sec pitch rate for photography
of LLS2
118:22:04 Terminate pitch rate, inertial attitude hold
- 118:34:59 Enter lunar umbra
118:55:00 Begin IMU realignment
119:07:21 Lose MSFN line of sight
119:10:00 Maneuver to strip photography attitude, local
attitude hold
119:21:19 Enter sunlight
119:53:43 Acquire MSFN line of sight
119:55:00 Maneuver at subsolar point to turn windows

away from sun, continue strip photography,
local attitude hold

120:06:00 Yaw 20 deg to include LS1, local attitude
hold

120:17:00 Yaw -20 deg, adjust attitude, continue strip
photography, local attitude hold

120:27:00 Terminate strip photography, maneuver to
IMU realignment attitude, inertial attitude
hold

120:33:29 Enter lunar umbra

120:35:00 Begin IMU realignment

121:05:40 Lose MSFN line of sight

121:14:00 Maneuver to landmark sighting attitude, local

attitude hold
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Table I. Mission ¥ Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

121:19:49 " Enter sunlight

121:26:06 Time '1"1 for CP1

121:28:51 Time T2 for CP1

121:41:09 Time T, for CP2

121:42:50 Time T2 for CP2

121:52:03 Acquire MSFN line of sight

121:53:49  Time T, for F-1

121:56:06 Time T, for F-1
122:15:14 Time T1 for 130

122:16:51 Time T, for 130

122:19:51 Maneuver to IMU realignment attitude, iner-

tial attitude hold :

122:31:59 Enter lunar umbra

122:35:00 Begin IMU realignment

123:03:56 Lose MSFN line of sight

123:13:22 Start local attitude hold for landmark

tracking

123:18:19 Enter sunlight

123:24:15 Time T1 for CP1

123:27:00 Time T2 for CP1

123:39:19 Time T1 for CP2

123:41:00 Time T, for CP2

123:49:57 Acquire MSFN line of sight

123:52:00 Time T1 for F-1

123:54:17 Time T, for F-1

124:13:24 Time TI for 130

124:15:02 Time T2 for 130

124:18:02 Maneuver to IMU realignment attitude,

inertial attitude hold
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Table I. Mission F Event Timeline
(b} Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
124:30:28 ~ Enter lunar umbra
124:33:00 Begin IMU realignment
125:02:12 Lose MSFE'N line of sight
125:11:33 Start local attitude hold for landmark tracking
125:16:49 Enter sunlight
125:22:25 Time T1 for CP1
.125:25:10 Time T2 for CP1
125:37:29 Time T1 for CP2
» 125:39:10 Time T2 for CP2
125:48:14 Acquire MSFN line of sight
125:50:10 Time T1 for F-1
125:52:27 Time T2 for F-1
126:11:34 Time T, for 130
126:13:12 Time T2 for 130
126:16:12 Maneuver to IMU realignment attitude,
inertial attitude hold
126:28:59 Enter lunar umbra
126:30:00 Begin IMU realignment
127:00:27 Lose MSFN line of sight
127:09:43 Start local attitude hold for landmark
tracking
127:15:19 Enter sunlight
127:20:35 Time T1 for CP1
127:23:21 Time TZ for CP1
127:35:39 Time T, for CP,
127:37:20 Time T2 for CPZ
127:46:32 Acquire MSFN line of sight
127:48:20 Time T1 for F-1
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
127:50:37 - Time T, for F-1
128:09:44 Time T1 for 130
128:11:22 Time T2 for 130
128:14:20 Maneuver to rest attitude, inertial attitude
hold
128:27:28 Enter lunar umbra
128:58:27 ' Lose MSFEN line of sight
129:13:49 Enter sunlight
129:44:51 Acquire MSFN line of sight
130:25:58 Enter lunar umbra
130:56:44 Lose MSFN line of sight
131:12:18 Enter sunlight
131:42:54 Acquire MSFN line of sight
131:55:00 End crew rest period, maneuver to initial

attitude for oblique photography of LS3,
local attitude hold

132:14:53 Start 0. 5 deg/sec pitch rate for photography
of LS3
132:17:28 Terminate pitch rate, inertial attitude hold
132:20:28 Maneuver to IMU realignment attitude,
‘ inertial atttiude hold '
132:24:28 Enter lunar umbra
132:30:00 Begin IMU realignment
132:55:01 Lose MSFN line of sight
133:00:00 Maneuver to attitude for photo targets of
opportunity, local attitude hold -
133:10:49 Enter suniight
133:41:11 Acquire MSF'N line of sight
133:50:00 Maneuver to landmark sighting attitude, local

attitude hold

45



Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

134:00:27 ~ Time T, for Bl

134:02:15 Time T2 for B1

134:12:38 Time T, for 150

134:14:08 Time T.2 for 150

134:17:08 Roll 180 deg for communications, inertial
attitude hold

134:22:57 ’ Enter lunar umbra

134:53:13 Lose MSFN line of sight

135:09:18 Enter sunlight

135:30:00 Maneuver to strip photography attitude,
local attitude hold

135:39:29 Acquisition of MSFN line of sight

135:45:23 Yaw -20 deg to include highland site, local
attitude hold

136:03:30 Yaw 20 deg, adjust attitude, continue strip
photography, local attitude hold

136:20:00 Maneuver to TEI attitude, rolled 180 deg,
inertial attitude hold

136:21:28 Enter lunar umbra

136:35:00 Begin IMU realignment

136:45:00 Roll 180 deg to TEI burn attitude, inertial
attitude hold

136:51:28 Lose MSFN line of sight

137:07:48 Enter sunlight

137:20:22 TEI burn ignition
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Table I. Mission F Event Timeline
(c) Transearth

Mission Time
(hr:min:sec) Event

137:23:11 " TEI cutoff, maneuver to lunar surface obser-
vation attitude (CSM plus X-axis down and
plus Z-axis forward), inertial attitude hold

137:29:15 Acquire MSFN

138:00:00 Begin IMU realignment, change to PTC
REFSMMAT

138:30:00 Begin PTC

150:30:00 V Terminate PTC, begin IMU realignment

151:00:00 Begin star-lunar landmark navigation
sightings

- 152:20:00 Midcourse correction

152:45:00 Begin PTC

165:00:00 Terminate PTC, begin IMU realignment

165:20:00 Begin star-earth horizon naVigatiori sightings

165:45:00 Begin PTC at 3 revolutions per hour roll
rate without pitch-yaw axis control

169:45:00 Terminate PTC test, resume normal PTC

171:00:00 Terminate PTC, begin star-earth horizon
navigation sightings : -

171:30:00 Begin PTC

174:30:00 Terminate PTC, begin star-earth horizon
navigation sightings

175:30:00 Begin IMU realignment

176:50:00 Midcourse correction

177:15:00 Begin PTC .

187:30:00 Terminate PTC, begin IMU realignment,
change to entry REFSMMAT

188:50:00 Midcourse correction

189:50:00 Maneuver to entry attitude, inertial attitude
hold

190:15:00 Begin IMU realignment

191:35:00 CM/SM separation

191:50:32 Entry interface
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Table II. Mission F Spacecraft Attitude Data
(a) Earth Orbit
Local Horizontal
Geographic Position Attitude IMU Gimbal Angles
Mission Time Altitude® Latitude™ Longitude™ Pitch Yaw Roll IGA MGA OGA
(hr:min:sec) Event {n mi) (deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg)
00:11:24 Earth orbit insertion, begin 103. 4 32.8 -54.2 0.0 0.0 180.0 -25. 4 0.6 -179. 4
inertial attitude hold
00:11:44 Begin local attitude hold 103. 4 32.8 -54.7 180.0 -25.9 0.6 -179. 4
02:33:27 Initiate TLI burn 99.2 -25.4 136.0 0.0 180.0 114. 1 -0.3 178.9

“Altitude is measured with respect to the Fischer reference ellipsoid; latitude and longitude are measured positive north of the equator and

east from the Greenwich meridian, respectively.
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Table II,

Spacecraft Attitude and Trajectory Data
(b) Translunar

Mission
Time

(hr:min:sec)

02:38:49
02:39:09
02:53:49

03:03:49
03:05:49

04:08:49
04:28:47

04:28:50
05:00:00

05:30:00
11:33:00

11:40:00
12:00:00
24:40:00

25:00:00

Event
TLI cutoff {inertial
attitude hold not simulated)

S-1VB maneuver to local
horizontal, local attitude hold

S5-1VB maneuver to CSM/S-IVB
separation attitude, inertial
attitude hold

CSM/S-IVB separation

CSM null separation rate, pitch
180 deg and roll 60 deg left for
docking

LM withdrawal

SPS evasive maneuver burn
ignition

Evasive maneuver burn cutoff

Begin IMU realignment, change
to PTC REFSMMAT i

Begin star-earth horizon
navigation sightings

SPS midcourse burn for G
mission groundtrack

Begin IMU realignment
Begin PIC
Terminate PTC, begin IMU

realignment

Begin star-earth horizon
navigation sightings

IMU Gimbal Look Angles Look Angles Look Angles
Angles to Earth to Moon to Sun
1GA MGA OGA Theta Phi Theta Phi Theta Phi
{deg)  (deg) (deg) {deg) _ (deg) {deg)  (deg) (deg) (deg)
88.0 1.5 179.0 90.0 180. 0 30.7 -6.2 9. 4 -75.3
87.0 1.5 179.0 90.0 180. 0 30.7 -6.2 9. 4 -75.3
150.7 39.8 -2.3 131.6 48. 1 89.7 176. 4 64. 0 -169. 6
150. 7 39.8 -2.3 120.6 29.8 89.7 176.0 64.0 -169. 6
-29.3 -39.8 -57.6 60.5 -149.8 90. 2 64.0 115.9 50. 4
-29.3 -39.8 -57.6 86.8 27.17 90.5 64. 0 115.9 50. 3
~-108. 7 -1.6 60.7 15.0 120. 0 161. 1 -49. 4 166. 6 77.1
-108 7 -1.6 ©0.7 15.0 120. 0 161. 1 -49. 4 166. 6 77.1
Maneuver spacecraft as required
Maneuver spacecraft as required
Maneuver spacecraft as required
Maneuver spacecraft as required
-90. 0 0.0 0.0 83.5 -44. 5 94.5 156.2 90. 0 180.0
Maneuver spacecraft as required
Maneuver spacecraft as required
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Table II.

Spacecraft Attitude and Trajectory Data
(b) Translunar (Continued)

Mission
Time

(hr:min:sec)
26:

27

28:
45:

45:

49:

53:

53:
54:
70:

70:

72:

72:

72:
74:

74

30:

:00:00

00:
00:

30:

30:

00:

45:
30:
00:

45:
00:

47:
38:
:45:

:38:
:45:

00

00

00

00

00

00

00
00
00

60
00

:00

00
00
00

00
43

Event

Midcourse correction

Maneuver to S-band reflectivity test

attitude
Begin PTC

Terminate PTC, begin IMU

realignment

Begin PTC at 3 revolutions per
hour roll rate without pitch-yaw

axis control

Terminate PTC tests,

normal PTC

resume

Terminate PTC, begin IMU

realignment

Midcourse correction

Begin PTC

Terminate PTC, begin IMU
realignment, change to landing

site REFSMMAT

Midcourse correction

Maneuver to lunar TV attitude,
inertial attitude hold

Terminate TV,

continue

inertial attitude hold

Enter lunar umbra

Enter sunlight

Maneuver to LOI-1 burn attitude,

inertial attitude hold

Lose MSFN line of sight

LOI-1 burn ignition

IMU Gimbal Look Angles Look Angles Look Angles
Angles to Earth to Moon to Sun
IGA MGA OGA Theta Phi Theta Phi Theta Phi
(deg) (deg) {deg) (deg) {deg) (deg)  (deg) (deg) (deg)
Maneuver spacecraft as required
-36.2 -41.5 71.5 22.3 -117.3 145.0 138.5 126, 0 151.5
-90.0 0.0 0.0 84. 8 -55.2 94. 3 160.9 90.0 -178. 6
Maneuver spacecraft as required
~-90.0 0.0 0.0 85.3 -59.0 94. 3 164. 90. 0 -179. 2
-90.0 0.0 -90.0 85.5 30.2 94. 3 -105. 90. 0 -89.5
Maneuver spacecraft as required
Maneuver spacecraft as required
-90.0 0.0 90. 0 85.5 -150. 2 94.3 75. 90.0 90. 4
Maneuver spacecraft as required
Maneuver spacecraft as required
128.2 2.1 173.7 167.9 24,1 45,0 0. 49. 8 7.0
128.2 2.1 173.7 1o7.9 24,1 46. 3 0. 49. 8 7.0
128. 2 . 173.7 167.9 24,1 47. 2 0. No line of sight
128.2 1 173.7 168.0 24,1 62.0 0.0 49.7 7.0
-128.5 -19.9 -4.1 86. 4 -0.7 161.8 -130. 147. 4 -143.3
-128.5 -19.9 -4.1 No line of sight 129.0 -1, 147.3 -143.3
-128.5 -19.9 -4.1 No line of sight 107.0 -0. 147.3 -143.3
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Table II,

Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit
Part 1: LOI-1 Cutoff to CSM/LM Undocking

Mission
Time
f{hr:min:sec)
75:51:45
76:00:00

76:12:05
76:17:00

76:55:00

76:55:06
77:00:00
77:20:00

77:37:18

78:30:00

79:03:35
79:05:00
79:20:00

19:45:20
79:50:10
80:10:46
80:11:00
80:20:00

80:29:54
80:35:00

81:00:00

B1:03:30
81:10:00
81:41:52
81:45:00
B1:49:52
81:50:00

82:27:56

Event.

LOI-1 cutoff, inertial attitude hold

Roll 180 deg for comrnunications,
inertial attitude hold

Acquire MSFN line of sight

Maneuver to lunar observation attitude,
local attitude hold

Terminate orbital rate, inertial
attitude hold

Enter lunar umbra
Begin IMU realignment

Maneuver to sleep attitude for commun-
ications reacquisition test, inertial

attitude hold

Lose MSFN line of sight
Enter sunlight

Acquire MSFN line of sight

Roll 45 deg to improve lunar observation
near morning terminator, inertial
attitude hold

Enter lunar umbra

Begin IMU realignment

Maneuver to LOI~2 burn attitude, inertial

attitude hold

Lose MSFN line of sight

Enter sunlight

LOI-2 ignition

LOI-2 cutoff, inertial attitude hold

Roll 180 deg for comununications,
inertial attitude hold

Acquire MSFN line of sight

Maneuver to lunar observation attitude,
local attitude hold

Terminate local hold, inertial attitude
hold

Enter lunar umbra
Begin IMU realignment
Lose MSFN line of sight
LM occupied

Enter sunlight

Maneuver to landmark tracking attitude
for F-1, inertial attitude hold

Acquire MSFN line o7 sight

Local Horizontal MU Look Angles Look Angles Optics Angles
Selenographic Position Attitude Gimbal Angles to Earth to Sun to Landmark
Altitude  Latitude Longitude Pitch Yaw Roll IGA MGA oGA Theta Phi Theta Phi Shaft  Trunnion
(n mi) {deg) (deg) de. de de (deg) (deg) (deg} {deg) {deg) (deg) (deg) {deg) (deg)

58.2 0.2 172. 6 -173. 4 -20.1 -3.6 -128. 1 -20.1 -3.6 No line of sight 147.3 -142.3

60. 7 0.7 146.9 -147.7 -20.1 176. 4 -128.1 -20.1 176.4 No line of sight 147.3 37.7

80.4 1.2 109.9 -111.1 -20.1 176. 4 -128.1 -20. 1 176. 4 85.6 179. 4 147.3 37.7

92.2 1.2 95.4 -45.0 0.0 180.0 -76.7 0.0 180.0 36.2 170.7 155.2 -179.4
167. 6 -0.1 -6.6 -45.0 0.0 180.0 -178. 4 0.0 180. 0 137.9 171.8 103. 1 -0.3
167. 6 -0.1 -6.9 -44.7 0.0 180.0 -178.4 0.0 180.0 137.9 171. 8 No line of sight
167.9 -0.4 -19.3 -33,3 0.0 180.0 -178.4 0.0 180.0 137.9 171.8 No line of sight
141. 4 -1.2 -70.9 45.5 0.0 135.0 -152.0 0.0 135.0 112. 1 -140.9 No line of sight

96.8 -1.1 -119.0 93.2 0.0 135.0 -152.0 0.0 135.0 No line of sight No line of sight

85.7 -0.9 -131.8 106.0 0.0 135.0 -152.0 0.0 135.0 No line of sight 129. 4 44.7

79.9 1.2 109.4 -135.5 0.0 135.0 -152. 0 0.0 135.0 112.t -140. 8 129. 4 44.7
103.9 1.2 81.3 -107.4 0.0 180.0 -152.0 0.0 180.0 1121 174. 2 129. 4 -0.3
167. 6 -0.1 -8.0 -18.4 0.0 180.0 -152.0 0.0 180.0 12,7 174. 4 No line of sight
167.9 -0.3 ~11. 4 ~14.8 0.0 180.0 -152.0 .0 180.0 112. 8 174. 1 No line of sight
167.7 -0.9 -49.8 36.7 -2.4 0.1 -138.5 -2.4 0.1 99. 4 -6.0 No line of sight

98.2 -1.1 -118.7 104.5 -2.4 0.1 -138.5 -2.4 0.1 No line aof sight No line of sight

86.3 -0.9 -132.9 119.4 -2.4 0.1 -138.5 -2.4 0.1 No line of sight 142.7  -177.4

57.9 0.3 164.0 -177.6 -2.4 0.1 -138.5 -2.4 0.1 No line of sight 142.7 -177. 4

57.9 0.3 163.3 -176.9 -2.4 0.1 -138.5 -2.4 0.1 No line of sight 142.7 -177.4

57.9 0.8 135.9 -149.5 -2.4 -179.9 -138.5 2.4  -179.9 No line of sight 142.7 2.6

57.9 1.2 105.7 -119.5 -2.4 -179.9 -138.5 -2.4  -179.9 99.5 174.0 142. 7 2.6

57.9 1.2 90.2 -45.0 0.0 180.0 -719.5 0.0 180.0 41.1 171.8 158.2 -179.3

57.8 0.4 14.0 -45.0 0.0 180.0 -155.4 0.0 180.0 117.0 174.0 125. 8 -0.3

57.8 0.1 3.4 -34.4 0.0 180.0 -155. 4 0.0 180.0 117.2 174. 0 No line of sight

57.8 -0.1 -7.2 -14.1 0.0 180.0 -155.4 0.0 180.0 117.3 174.0 No line of sight

57.8 -1.2 -113.5 82.5 0.0 180.0 -155.4 0.0 180.0 No line of sight No line of sicht

57.8 -1.1 -123.1 91.7 0.0 180, 0 -155.4 0.0 180.0 No Line of sight No line of sight

57.8 -0.9 -137.9 106.9 " 0.0 180.0 -155. 4 0.0 180.0 No line of sight 125.8 -0.3

57.8 -0.9 -138.3 -131.9 0.0 0.0 -34.2 0.0 0.0 No line of sight 113. 0 0.3

57.9 1.2 106. 1 -16.6 0.0 0.0 -34.2 0.0 0.0 6.4 -123.2 113.0 0.3
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Table II. Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)
Part 1: LOI-1 Cutoff to CSM/LM Undocking

Local Horizontal IMU Look Angles Look Angles Optics Angles
Mussion Selenographic Positian Attitude Gimbal Angles to Earth to Sun to Landmark
Time Alr.tude Latitude Longitude Pitch Yaw Roll 1GA MGA OGA Theta . Phi_ Theta  Phi Shaft  Trunnion
Event (o mi de de deg) (deg) {deg de de {de (deg) (deg} tdeg) (deg} (deg] {deg}
Start -0.3 deg/sec pitch rate for jand- 57 9 1.2 91.5 2.1 0.0 0.0 -33.2 0.0 0.0 6.3 -123.0 113.0 0.3 10. 1 20.3
mark tracking on F-1i
82:35:45 :elzmmate pitch rate, inertial attitude 37.9 1.2 B2.3 -47.0 0.0 0.0 -88.3 0.0 0.0 50.8 -6.9 167.1 1.2 174 2 36.9
0
82:38:45 Maneuver to landmark tracking attitude 57.9 1.2 73.2 -35.5 0.0 0.0 -85.9 Q9.0 0.0 48.5 -7.1 164 7 1.0
for B1, inertial attitude hold
82:49:46 Start -0.3 deg/sec pitch rate for land- 57.8 0.8 39.6 -2.1 0.0 0.0 -85.9 0.0 0.0 48.6 -7t 164. 7 1.0 421 24.9
mark tracking on B1
52:52:46 :‘e‘rmimte pitch rate, inertial attitude 57.8 0.7 30.5 -47.0 0.0 0.0 -139. 9 0.0 0.0 102. 5 -5 3 141. 3 179. 6 153. 5 39.2
old
52:55°46 Maneuver to sleep attitude, inertial 57.8 0.5 21.3 -49.9 0.0 135.0 -152 0 0.0 135.6 1145 -140.9 129 2 44.7
atiitude hold )
33:02:170 Enter lupar umbra 57.8 0.1 2.3 -2 0.0 135.0 -152.0 0.0 135.0 114. 6 -140. 9 No line of sight
83:05:90 Start LM communications tests 57.8 0.1 -6.8 -21.8 0.0 135.0 -152.0 0.0 135.0 114.7  -140.9 No line of sight
83:30:00 Terminate LM commminications tests 7.1 -1.2 -83.0 54.1 o0.¢ 135.0 -152.0 .0 135.0 115.2 -140.9 No line of sight
83:40:09 Lose MSFN line of sight T4 -1.2 -113.9 94.4 0.0 135.0 -152.0 0.0 135.0 No line of sight No line of sight
B83:48:22 Enter sunlight 57.8 -0.9 -138.9 109.7 0.0 135.0 -152.0 0.0 135.0 No line of sight 129.2 44.7
83:55:00 LM unoccupied 57.8 -0.5 -159.1 130.0 0.6 135.0 -152. 0 0.0 135. 0 No line of sight 129.2 44.7
34:2b:14 Acquire MSFN line of sight 57.9 1.2 105. 7 -135.1 0.0 135.0 -152.0 a.0 135.0 115. 1 -140.8 129.2 44 7
84:45:00 Start crew sleep period 57. 8 1.0 48. 6 -78.1 o v 135.0 -152.0 0.0 135.0 115 3 -140.8 129. 2 44.7
85:00:30 Enter lunar umbra 57.8 0.1 1.3 -31.1 6.0 135.0 -152.0 0.¢ 135.0 115. 6 -140.9 No line of sight
85:18:20 Lose MSFN line of sight 57. 8 -1.2 -114. 0 B3. 0 0. 135.0 -152. 0 0.0 135.0 No line of sight No line of sight
85146152 Enter sunlight 57.8 -0.? -139.9 169.8 0.0 135.0 -152 0 6.0 135.0 No line of sight 129. 4 44.7
B6:24:34 Acquire MSFN line of sight 37.9 1.2 105.1 -135.0 0.0 135.0 -152.0 0.0 135.0 t16.1 -140 8 129. ¢ 44.7
86:59:01 Enter lunar umbra 578 0.1 0.3 -31.1 0.0 135.0 -152.0 6.0 135.0 116. 6 -14C.9 No line of sight
87:36:32 Lose MSFN line of sight 87.7 -1.2 -114.1 82.9 0.0 135.0 -152.0 9.0 135.0 No line of sight No tine of sight
B7:45:22 Enter sunlight 57. 8 -0 -141.0 109.7 00 132.0 -152. 0 6.0 135.0 No line of sight 129.0 44.7
B5:22:55 Acguire MSFN line ot s\ght 3 i i, 2 104.7 $3e.2 0.6 135.0 -152. 0 0.9 135.0 t17.1 -140. 8 129. 0 447
38:57:30 Enter lunar urbra - 1 -0. 7 -3 2 oo 135.0 -152 0 9.0 135.0 117. 6 -140 8 No line of sight
B3:34:47 Lose MSFN line of sight 37,7 -2 -114. 4 B1. 3 [ 135.0 -152 0 D9 135. 0 No line of sight No lire of sight
84:43:5) F.nter sunlight 37.0% S -141.3 1C3. o 0.1 135.0 -152.0 .0 135. 0 No line ¢ s1ght 129.¢ 44 o
A0:20: 36 Acquire MSFN line of sight 57,1 13 1061 L I 0.6 135.0 -152.0 3.0 135.0 118 3 -143. 8 128.9 44.6
90:56:01 Enter Junar umbra a7 6oy -1 7 =312 (G ti5.0 -152.0 0.0 135.0 118. % -140. 8 No line of sight
Lose MSFN line of sight 57 -1 -112 5 79.6 a.0 1350 -152.0 9.0 135.0 No line of sight No lhine of sight
Enter sunlight 57.F -0 -143.¢C 1oa. s [ 135.0 -1s52.¢ 0.0 135.0 No line of sight 128.9 44. 6
Acquire MSFN lire of sizht 57 ot 105. 9 BN 0.0 1356 -152.90 3.0 £35.6 119.0  -139.8 1288 44.6
TP Enter iunar umbra 575 I -2.7 213 G- 1350 -152 0 5.0 1350 119.6 .44 8 75 hine of sight
V10600 Crew wake-up a7w -0.2 -19.5 Stalk 0.0 135 6 -152.0 ¢.0 135.6 119.7  -140.8  No line of sight
13430 40 Lose MSEN line of smight 51,7 t2 -113.2 8.7 0. 135.0 -152.0 0.0 135.0 No line of sight Na lipe of sight
11040°51 Enter Suniight B I -143 9 109, % 0.0 135.6  -152.0 oo 135.0  No line of s:ght 123 ¢ 4.6
41707 Acquire MSF line of sight R H 105 « S14i. [ 135.6 .52 8 135.¢ 120.0  -140.8 124 406
teleit i LM rccupied R - st -lie. 5 0.0 135 ) -3152 0 Fa §35.0 120. 0 -149 8 123 2 43 v
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Table II.

Spacecraft Attitude and Trajectory Data

(c) Lunar Orbit (Continued)

Part 1:

LOI-1{ Cutoff to CSM/LM Undocking

Mission
Time

hrimin:sec)
94:53:00
94:55:00
15:25:00

15:29:05
95:39:214
96:15:28
96:40:39

96:43:39

96:46:39

96:51:30
97:27:23
97:30:00

97:37:514
97:45:00
97:55:00
98:10:00

Event

Enter lunar umbra
Begin IMU realignment

Maneuver to landmark tracking attitude
for 130, inertial attitude hold

Lose MSFN line of sight
Enter sunlight
Acquire MSFN line of sight

Start -0.3 deg/sec pitch rate for land-
mark tracking on 130

Terminate pitch rate, inertial attitude
holid

Maneuver to undocking attitude rolled
180 deg, inertial attitude hold

Enter lunar umbra
Lose MSFN line of sight

Roll 180 deg to undocking attitude, iner-
tial attitude hold

Enter sunlight

AGS calibration maneuvers
LM deploy landing gear
CSM/LM undocking

Local Horizontal IMU Look Angles Look Anglcs Optics Angles
Selenographic Position Attitude Gimbal Angles to Earth to Sun to Landmark
Altitude Latitude Longitude Pitch Yaw Roll IGA MGA OGA Theta Phi Theta Phi Shaft Trunnion

{n mi) (deg) (deg) {deg) (deg) (deg) {deg} {deg) (deg) {deg) {deg) tdeg) (deg) (deg) (deg)
57.8 0.1 -3.8 -31.4 0.0 135.0 -152.0 0.0 135.0 120. 6 -140.8 No line of sight
57.9 0.1 -3.8 -25.4 0.0 135.0 -152.0 0.0 135.0 120. 6 -140.8 No line of sight
57.7 -1.2 -101.2 128.1 0.0 0.0 -89.7 0.0 0.0 59.0 -5.8 No line of sight
57.7 -1.2 ~113.7 140.5 0.0 0.0 -89.7 0.0 0.0 No line of sight No line of sight
57.8 -0.9 -145.0 171.7 0.0 0.0 -89.7 0.0 0.0 No line of sight 169.0 140.
57.9 1.1 105.0 -79.6 0.0 0.0 -89.7 0.0 0.0 59.0 -5.8 169.0 140. 7

57.8 0.8 28.3 -2.1 0.0 0.0 -89.7 0.0 0.0 59.2 -5.8  169.0  140.1 15. 5 21.0

57.8 0.6 13.2 -47.0 0.0 0.0 -143.6 0.0 0.0 113.1 -5.4 137.0 “179.6 170. 6 36.9
57.8 0.4 10.0 120.1 0.0 0.0 14.3 0.0 0.0 45.0 -173.0 65.0 0.3
57.8 0.1 -4.7 135. 0 0.0 0.0 14.3 0.0 0.0 45,0 -173,0 No line of sight
57.7 -1.2 -114.1 ~-116. 1 .0 0.0 14.3 0.0 0.0 No line of sight No line of sight
57.8 -1.2 -122.0 -108.2 0.0 180. 0 14.3 0. 180.0 No line of sight No line of sight
57.8 -0.9 -146.0 -84.1 0.0 180.0 14.3 0.0 180.0 No line of sight 65. 0 -179. 7
57.8 -0.5 ~167.7 -62.6 0.0 180.0 14.3 0.0 180.0 No line of sight 65.0 -179.7
57.9 0.2 161. 8 -32.3 0.0 180.0 14.3 0.0 180.0 No line of sight 65.0 -179.7
57.9 1.0 116.1 13.3 0.0 180.0 14,3 0.0 180.0 No line of sight 65 1 -179.7
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Table II. Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit
Part 2;: CSM/LM Undocking to LM APS

Burn to Depletion

Mission
Time

(hrimin:sec

9K:10:00

98:12:39

98:

98:

98:

98:

78:

13

124

139

HoRl

i00:
100:

134:

136
+:36:
49

Event

Undocking, 1nertiat attiti:de hold

LM maneuver to inspection attitude,
continue inertial attitude hold except for
3c0 deg roll (pilot yaw) maneuver

CSM, LM acquire MSFN line of sight

LM begin station keeping, continue
inertial attitude hold

CSM roll 180 deg for HGA communi-
cations, 1nertial attitude hnld

CMS separation burn ignition, incrtial
attitude hold

CSM separation burn cutnff

CMS maneuver to SXT tracking - VHF
ranging attitude; LM maneuver to RR
tracking attitude, line-of-sight
maintenance

CSM enter lunar umbra
LM enter lunar umbra

CSM, LM begin IMI™ realignment,
inertial attitude hold

CSM lose MSFN line of sight
LM Iose MSFXN ine of sraht

LA maneuver to DO burn attitude,
mertial attitude hold

I.M DOI burn ignition, 1nertial attitude
hold; CSM maneuver to SXT tracking -
VHF ranging attitude, line-of-sight
maintenancs

DOI burn cutoff, .M mareuver to RR
tracking attitude

CSM enter sunlight

LM enter sunlight

LM terminate tracking, maneuver tn
PDI attitude, inertial attitnde hold

CSM roll 180 deg, mancuver to SXT
tracking - VHF rang:ng attitude

CSM acgquire MSFN line of sight

4 acquire MSFN line of sight

A ornaneuver o tes oattitade ) hgin
rate \appr o

tegfsec pact

Local Horizontal IMU Look Angles Look Angles Look Angles to

Selcnographic Position Attitude Gimbal Angles to Earth to Sun Other Vehicle

Altitude Latitude Loangitude Pitch Yaw Roll IGA MGA OGA Theta Phi Theta Phi Theta Phi
Vehicle  (nmi) (deg) (deg) (deg) (deg) (deg) (deg) (deg)  (deg) {de (de (deg) (deg) (deg) (deg)
CSM 57,4 1.0 116. 1 13.3 0.0 180. 0 14.3 0.0 180.0 No line of sight 65. 1 -179.7 0.0 0.0
LM 57.9 1.0 1161 -166.7 0.0 120.0 -165. 7 0.0 120.0 No line of sight 114.9 59.7 0.0 0.0
CSM 57.9 1.1 108. 0 21.3 0.0 180.0 14.3 0.0 180.0 No line of sight 65.1 -179.7 4.1 -0.3
LM 57.9 1.1 108.0 -68.7 0.0 0.0 -75.7 0.0 0.0 No line of sight 155. 1 0.6 94.0 180. 0
CSM 57.9 . 105.7 23.6 0.0 180.0 114.3 0.0 180.0C 44. 4 7.0 65. 1 -179.7 5.6 0.0
LM 57.4 1.1 105. 7 -66.4 0.0 90.0 -75.7 0.0 90. 0 46.0 -96.8 1551 -89 4 95. 6 90. 0
CSM 57.9 1.2 98.9 30.5 0.0 180.0 14.3 ¢.0 180.0 44.4 7.0 65. 1 -179%.7 9.9 0.1
LM 3T, 1.2 98,49 -59.6 0.0 0.0 -75.7 0.0 0.0 406.0 -6 8 155. 1 6.6 99 9 180.0
CsSM 37.9 1.2 94,3 35.0 0.0 0.0 14.3 0.0 0.0 44. 4 -173.0 65. 1 03 12.3 179.9
LM 57.9 1.2 94.3 -55.0 0.0 0.0 -75.7 0.0 0.0 46.0 -56.8 155. 1 0.6 102.3 180.0
CSM 57.9 1.0 39.2 90.0 0.0 0.0 14.3 0.0 0.0 44.2 -173.0 65.1 0.3 7.2 179.9
LM 57.49 1.0 39.2 0.0 0.0 0.0 -75.7 0.0 0.0 40.2 -€.8 155. 1 0.6 97.2 180. 0
CSM 57.9 6.9 3.4 90. 7 0.0 0.0 14.3 0.0 0.0 44.2 -173.0 65. 1 03 4.9 179.9
LM 57.9 0.9 38. 4 0.7 0.0 0.0 -75.7 0.0 0.0 46.2 -6.8 1551 0.6 34.9 180 0
CSM 57. 8 0.8 27. 8 1361 0.0 c.0 491 6.0 0.0 787 -175.0 30. 3 0.6 35.0 180. 0
LM 57.9 0.8 27.8 t1.1 .0 0.0 -75.9 0.0 0.0 46.5 -¢. 8 155. 3 0.7 90.0 180.0
CSM 57.5 0.1 -5.7 164, 4 0.0 0.0 44.1 0.0 0.0 73.5 ~-i74.9 No line of sight 35.0 180.0
.M EX 0.1 -5.7 39. 4 0.0 0.0 -80.9 0.0 0.0 51.8 -6.2 160. 4 0.8 90.0 180.0
3N 37,5 0.1 -5.7 1643 9.0 0.0 44.0 0.0 0.0 73.4 -174.9 No line of sight 35.0 180. 0
LM 57. A 0.1 -5.7 35 0. 0.0 -81.0 6.0 0.0 51.8 -€.2 No line of sight 90.0 180.0
SN AT 4 ~0.2 -21.0 174.3 0.0 0.0 38,4 0.0 0.0 07,4 -174.7 No line of sight 35.0 180.0
LM 37.8 -0.2 -21.0 47.3 0.0 0.0 -dE 4 0.0 0.0 37.3 -5 No line of sight 90.0 180. 0
CSM 57.5 -1.2 -t14. 4 TN 0.0 0.0 38.n 0.0 0.0 No line of sight No line of sight 94. 1 180.0
LM 5T 8 -1.2 -114. 4 1423 0.0 0.0 -5, 4 n.o Q.0 57 7 -5.7 No line of sight 1491 180. 0
CSN 3705 1.2 -114 4 =42 0.0 0.0 3xr 0.9 G0 No line »f sight No line of sight 94.2 180. 0
JURS ATk -1.2 -114.4 1424 4] [PRe) -Br 4 0.0 o0 No line »f sight Nn line of sight 149 2 180. 0
CSM 5T -1 -124.7 ~112 % nou 0.0 51 0.0 0 No line of sight No line of sight 7.2 180.0
.M 378 -1 124, ta4. 0.0 0.0 -74.0 0.0 0.0 No line of sight No line of sight 169. 1 180.0
CSM ST -1.0 -132. 4 -145. 0 [ 9.0 -3 2 0.0 00 No line of sight No line of sight 35.3 180.0
LM 37k -1.G -134. % 1AG. 0 04 0.0 710 00 6.5 No line of sight No line of sight 179. 6 o0
CSM RT. R -1.0 -141.3 -145.0 [T 6.0 -40.5 0.0 .0 No line of sight No line of sight 35 0 180. 0
M 578 -1.0 -141.2 LR o0 0.0 165, 5 0,0 20 No line of sight No line of sight 90 0 180. 0
CSM Eal Gt S14T 4 S141.0 0.0 .0 42,8 0.0 0.3 No line of sight 122. 1 35.0 180.0
LM -0 L1402 138 [ 0, n 167, 6 0.0 0.0  No line of sight 112, @ 90. 0 180. 0
SM K. 2 ~0.1 173, ¢ =473 0.0 0.0 -38. 4 ¢.0 20 No line of sight 1173 35. 0 180. 0
.M 4497 -0t 1725 430 0.0 1R0. O 105.0 0.0 180. 0 No line of sight 25.5 1.6 179.8
CsM 3E 4 SR 1274 165 4 180. v -2 0 (L) 130 9 No line of sight 171.5 35.0 180. 0
LM 30,5 0.8 12 s u2, 2 1RG0 103, 0 0.0 180, 0 No line of sight 2.5 i8. 0 180. 0
CsM 58. 2 1 153 5. 2 HoU 130,00 Sag. 1 0.0 180.0 67.3 1742 175.6  -176.% 35,0 180, 0
LM 17,4 1.2 1 1240 0T 150. 0 105.0 0.0 180. 0 133.5 5. 6 25.5 -0 6 11,5 180. 0
ST 1.2 Stem i 180, 0 -115. & [V 180 ¢ 870 2 104 -1.0 350 150. 0
S 1.2 o 1 ot G0 7.2 a0 0. Te. 0 o 2.3 G g 52.0 70
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Table II.

Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)

"Part 2: CSM/LM Undocking to LM APS

Burn to Depletion

Mission
Time

(hr:min:sec})
100:31:17

100:33:45
100:34:37
100:38:21
100:41:31
100:46:214
100:47:03

100:48:27
100:52:03

101:02:03

101:17:03
101:20:47

101:23:52
101:25:52
101:27:03

101:28:57
101:34:48
101:48:18

101:59:18

102:08: 18

102:09:57

102
102

102

102

102

:14:19
:19:18

:33:18

:36:18

143:18

Event

Pericynthion of LM descent orbit

LM at 0 deg landing site elevation angle,
begin landing site observation

LM terminate LR test, inertial attitude
hold

LM maneuver to phasing burn attitude,
inertial attitude hold

LM enter lunar umbra

DPS phasing burn ignition, C5SM monitor
burn in SXT tracking - VHF ranging
attitude

Phasing burn cutoff, inertial attitude
hold

CSM enter lunar umbra

CSM and LM maneuver to SXT tracking
and RR tracking attitude, respectively

CSM and LM terminate tracking, inertial
attitude hold, LM maneuver to IMU
realignment attitude, inertial attitude hold

CSM and LM maneuver to SXT tracking
and RR tracking attitude, respectively

LM terminate tracking, inertial
attitude hold

CSM lose MSFN line of sight
LM lose MSFN line of sight

CSM terminate tracking, inertial
attitude hold

LM enter sunlight
CSM enter sunlight
CSM maneuver to SXT tracking attitude

LM maneuver to RR tracking attitude

CSM terminate tracking, maneuver to
Ml insertion burn attitude, inertial
attitude hold

CSM acquire MSFN line of sight
LM acquire MSFN line of sight

LM terminate tracking, maneuver to
descent stage jettison attitude, inertial
attitude hold

Begin descent stage jettison

Complete descent stage jettison, man-
euver to insertion burn attitude, iner-
tial attitude hold

APS insertion burn ignition

Local Horizontal IMU Look Angles Look Angies
Selenographic Position - _Attitude Gimbal Angles to Earth to_Sun

Altitude Latitude Longitude Pitch Yaw Roll IGA MGA Theta Phi Theta Phi

Vehicle {n mi) (deg) (deg) {deg) {deg) {deg) {deg) {deg) (deg) {deg) (deg) (deg) (deg)
CSM 57.9 1.0 45.7 -62.1 0.0 180.0 -130.2 0.0 180.0 101.4 175. 1 150. 3 -0.5
LM 6.5 1.0 38.8 90,0 0.0 0.0 15.0 0.0 0.0 43.8 -174.0 64,5 0.3
CSM 57.8 1.0 38.1 -60.3 0.0 180.0 -135.9 0.0 180.0 107. 1 174.9 144. 6 -0.4
LM 6.8 0.8 30.4 90.0 0.0 0.0 6.7 0.0 0.0 35.7 -171.7 72.7 0.3
CSM 57.8 0.9 35.5 -59.7 0.0 180.0 -137.9 0.0 180.0 109.2 174.9 142 6 -0.4
LM 7.0 0.8 27.6 90.0 c.0 0.0 3.9 0.0 0.0 32.8 -171. 0 75. 6 0.3
CSM 57.8 0.8 24.3 -57.5 0.0 180.0 -146.4 0.0 180.0 117.6 174.5 134 1 -0.4
LM 8.5 0.6 15.7 2,2 0.0 { 0.0 -96.1 0.0 0.0 67.7 -5.2 175, 6 3.6
LM 10.7 0.4 4.2 121, 1 0,0 0.0 ~96, 1 0.0 0.0 67.7 -5.2 No line of sight
CSM 57.5 0.3 -0.2 -53.2 0.0 180.0 -467.0 0.0 180.0 138.4 172.7 t13.5 -0.3
LM 15.2 0.0 -11.2 28.8 0.0 0.0 -96. ¢ 0.0 0.0 67.8 -5.2 No line of sight
CSM 57.5 0.2 -2.4 -52.8 0.0 180.0 -168.8 (V] 180.0 140. 1 172. 4 111, 7 -0.3
LM 16.2 0.0 -13.6 311 0.0 0.0 -96. 1 0.0 0.0 67.9 -5.2 No line of sight
csM 57. 4 0.1 -6.7 -52.0 0.0 180.0  -168.8 0,0 180.0 t40.t 172.4  No line of sight
CsM 57.4 -0.1 -17. 6 -48. 6 0.0 180.0 -179.8 0.0 180.0 151. 1 169.9 No line of sight
LM 29.6 -0.3 -30.2 89.0 0.0 180.0 -54.8 0.0 180.0 27.0 169.3 No line of sight
CsSM 57.3 -0.7 -48. 1 -39.0 0.0 180.0 159. 4 0.0 180.0 1741 146.9 No line of sight
LM 69.2 -0.9 -61.8 99.7 0.0 180.0 -75.6 0.0 180.0 47.8 173.5 No line of sight
CSM 57. 4 -1.2 -93.8 -17.7 0.0 180.0 135.1 0.0 180.0 162.3 16.0 No line of sight
LM 136.5 -1.2 -104.3 117.8 0.0 180.0 -99.9 0.0 180. 0 2.1 175.0 No line of sight
CSM 57.4 -1.2 -105.2 -9.6 0.0 180. 0 131.9 0.0 180. 0 159. 2 13. 6 No line of sight
LM 151.0 -1.2 -114.2 124.3 0.0 180.0 -103. 0.0 180.0 75.4 175.0 No line of sight
CsSM 57.5 -1.2 -114.7 2.1 0.0 180.0 131.9 0.0 180.0  No line of sight No line of sight
LM 167.8 -1.2 -127.1 137.0 0.0 180, -103.1 0.0 180.0  No line of sight No line of sight
CSM 57.6 -1.1 -124.3 9.1 0,0 180, 0 131, 5 0.0 180. 0 No line of sight No line of sight
LM 171, 2 -1.1 -130, ¢ 140.2 0.0 180,0 -103.1t 0.0 180.0  No line of sight No line of sight
LM 176.2 -1.0 -134.8 144,5 0.0 180.0  -103,1 0.0 180.0  No line of sight 177.3 -5.8
CSM 57.8 -0.8 -147.9 33.4 0.0 180. 0 131.5 0.0 180, 0  No line of sight 52,3 -0.3
CSM 58,2 -0.1 170.9 174.9 0.0 0,0 -t27,2 0.0 0.0 No line of sight 153.2 179. 4
LM 188, 9 -0.2 178.3 -168.3 0.0 180.0 -103.1 0.0 180.0  No line of sight 177.3 -5.8
CSM 58,3 0.6 137.0 -161.0 0.0 0.0 -136.6 0.0 0.0 No line of sight 143.9 179.5
LM 165, 0 0.3 151, 2 60,2 0.0 0.0 98. 4 0.0 0.0  No line of sight 18.9 179.2
CSM 58.4 i.0 110, 0 -79.5 0.0 180.0 -82,2 0.0 180.0 No line of sight 161.8 -179.1
LM 131,8 0.8 127.8 68,3 0.0 0.0 83,2 0.0 0.0  No line of sight 3.6 175.7
CSM 58,3 1.1 103.0 -72.5 0.0 180, 0 -82.2 0.0 180.0 55.0 174. 1 161.8 -179.1
LM 105.3 1.0 11,2 72.6 0.0 0.0 71.0 0.0 0.0 98.9 -175.2 8.5 1.8
CSM 58. 2 1.2 76.6 -46.1 0.0 180, 0 -82.2 0.0 180,0 54.5 174. 1 161.8  -179.1
LM 82.2 1.2 96.8 76,1 0.0 0.0 60,1 0,0 0.0 880 -172.5 19.5 0.8
CSM 57.8 0.9 33.9 -3.5 0.0 180.0 ~-82.2 0.0 180.0 54,8 1741 1£3.8  -179.1
LM 26.1 1.t 52.9 180. 0 0.0 180, 0 127.1 0.0 180.0 147.9 -8.9 40.7 0.4
CSM 57.7 0.8 24.2 6.2 0.0 180.0 -82:2 0.0 180,0 54.8 174, 1 161.8 -179.1
LM 17.7 1.1 42.2 -170.0 0.0 180, 0 119.6 0.0 180.0 147.0 8.8 40. 0 -0.4
CSM 57.6 0.4 3.5 26,8 0.0 180.0 -82.2 0.0 180.0 55,0 175.0 161.8 -0.4
LM 8.0 0.7 19.1 155.6 0.0 180.0 62.2 0.0 180.0 89,7 4.8 17. 4 -179.2

Look Angles to
Other Vehicle

‘“Theta Phi
de de
35.0 180.0
69.8 0.0
35.0 180.0
72.4 0.0
35.0 180.0
73.2 0.0
35.0 180.0

167. 6 0.0
156.9 0.0
35.0 180.0
144. 1 0.0
35.0 180.0
142.3 0.0
35.0 180.0
35.0 180.0
90.0 180.0
35.0 180.0
90.0 180. 0
35.0 180.0
90.0 180.0
35.0 180.0
90.0 180.0
35.0 180.0
90.0 180.0
35.0 180. 0
89,7 180.0
91.4 180.0
47 6 180.0
35.0 180 0
120.9 180.0
35.0 180.0
90,0 180. 0
104.6 0.0
90.0 180.0
107.5 0.0
90 © 180.0
127 6 0.0
90. 0 180.0
161 4 0.0
176, 2 180.0
161, 4 0.0
168. 4 180.0
171.5 180.0
152.9 0.0
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Table II. Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)
Part 2: CSM/LM Undocking to LM APS Burn to Depletion

Local Horizontal IMU Look Angles Look Asgles " Look Angles to
Selenographic Position Attitude Gimbal Angles to Earth to Sun Other_ Vehicle
Altitude Latitude Longitude Pitch Yaw Roll IGA MGA OGA Theta Fhi Theta Phi Theta Phi
Event Vehicle {n_mi) (deg) {deg) de de de f{deg) {deg) {deg) {deg) (deg) {deg) {deg} {deg) (deg)
102:43:33 Inser:ion burn cutoff, inertial attitude CSM 57.5 0.3 2.7 27.6 0.0 180.0 -82.2 0.0 0.0 $5.0 174.1 161.8 -179.1 170.8 180.0
hold LM 8.0 0.6 18. 2 156. 5 0.0 180.0 62.2 0.0 180.0 89.7 4.8 17. 4 -179.2 153.7 0.0
102:46:58 CSM enter lunar umbra CSM 57.5 0.1 -7.7 166. 1 0.0 0.0 -82.2 0.0 0.0 55.0 174. 8 No line of gight 169.9 180.0
102:47:58 LM enter iunar umbra LM 10. 1 0.4 3.z 169.7 0.0 180. 0 62.2 0.0 180.0 B9.7 4.8 No line of sight 166.0 0.0
103:01:33 LM maneuver to RR tracking attitude CSM 57.2 -0.8 -52.1 B2.4 0.0 0.0 -B2.2 0.0 0.0 55.0 1744 No line of sight 150.8 180. 0
LM 21,3 -0.6 -40.8 4.8 00 0.0 -58. 4 6.0 9.0 3.6 -9.1 No line of sight 90.0 180.0
103:06:33 CSM maneuver to SXT tracking - VHF CSM 57.3 -1.0 -67. 4 -130.0 0.0 0.0 50.2 a.o 0.0 77.2 -175. 1 No line of sight 35.0 180.0
ranging attitude LM 26.3 -0.8 -56.8 94. 4 0.0 0.0 -74.8 0.0 0.0 48.0 -6. 4 No line of sight 90.0 i80.0
103:18:33 CSM terminate tracking, maneuver to CSM 57. 4 -1.2 -104. 0 -133.2 0.0 0.0 10.6 0.0 0.0 37.7 ~172.2 No line of sight 35.0 180.0
MI CSI burn attitude, inertial attitude LM 37.2 -1.2 -94.7 92.5 0.0 0.0 -114. 4 0.0 0.0 87.6 -4.7 No line of sight 90. 0 180. 0
hold
103:22:03 CSM iose MSFN line cf sight CSM 57.% 1.2 -114.7 -12t.0 0.0 0.0 10. 6 0.0 6.0 No line of sight No line of sight 48.0 18¢.0
103:24:01 LM lose MSFN line of sight LM 40. 7 -1.2 -118. 7 91.7 0.0 0.0 -133.9 0.0 0.0 No line of sight No line of sight 90.0 180.0
103:24:33 LM terminate tracking, maneuver to CSM 57. 6 -1.2 -122.3 152.0 0.0 180.0 -82.5 0.0 180.0 No line of sight No line of sight 318. 6 180.0
CSI burn attitude, inertial attitude hold LM 4t. 0 -1.2 -113. 4 -28. 4 0.0 0.0 106. 1 0.0 0.0 No line of sight No line of sight 30.1 0.0
103:33:17 CSM enter sunlight CSM 57.8 -0.9 -148.9 178.5 0.0 180.0 -82.5 0.0 180.0 No line of sight 162.1 -179.1 9.9 180.0
103:33:46 CS1 burn ignition {RCS plus X-axis CSM 57.8 -0, 8 -150. 4 180.¢ 0.0 180.0 -82.5 0.0 180.0 No line of sight 162. ¢ -179. ¢ 9.9 186.90
4 jets) LM 43.3 -1.0 -141.8 0.0 2.0 0.0 106. 1 0.0 0.0 No line of sight No line of sight 1.4 0.1
103:34:18 CSI burn cutoff, inertial attitude hold CSM 57.9% -0.8 -152.0 -178 4 0.0 180.0 -82. 5 0.0 180. 0 No line of sight 162 .1 ~179.¢ 83 180.0
LM 43.3 -i.0 -143.5 1.6 0.0 0 106. 0 0.0 0.0 No line of sight No tine of sight 0.2 -177.3
103:36:52 LM enter suntight LM 43 3 -0.8 -154.5 7.8 0.0 0.0 106.0 0.0 0.0 No line of sight 26. 4 179. 4 6.2 -177.3
163:40:18 CSM and LM maneuver to SXT tracking - CSM 58.0 -0.5 -176.3 -134.9 00 00 -57.3 0.0 0.0 No line of sight 136.9 0.4 35.0 180.0
VHF ranging and RR tracking attitude, LM 43.3 -0.6 -162.2 92.0 00 0.0 177.7 0.0 0.0 No line of sight 98. 1t 179.7 90.0 i80.0
respectively
104:08:12 CSM acquire MSFN line of sight CsSM 58.3 1.t 104.8 -133,7 9.0 0.9 -141.90 0.0 8.0 114.0 -5.1 139, 6 179.6 35.0 180.0
104:11:03 LM acquire MSFN line of sight LM 43. 0 1.1 102. 0 95.5 0.0 0.0 88.1 2.0 3.0 114.9 -174.8 8.4 178.2 90.0 180.0
104:20:18 CSM and LM terminate tracking, CSM TSM 58. 1 1.2 68.0 ~124. 6 0.0 0.0 -168.3 0.0 0.0 141 2 -172.5 112. 0 0.3 43 .2 0.0
maneuver to MI CDH burn attitude, |9 42. % t.2 73.2 4.5 0.9 0.0 16. 1 0.0 0.0 43. 1 1731 63. 6 0.2 47. 6 180. 0
inertial attitude hold; LM maneuver to
CDH burn attitude, inertial attitude hold
104:31:42 CDH burn ignition (RCS minus X-axis CSM 57.8 0.9 33.2 -30.0 0.0 150. 0 -168.3 0.0 180. 0 141.2 -172. 4 if2.0 6.3 13.2 0.0
4 mt!)u * LM 29 1.0 7.7 90. 0 0.0 9.0 t6.1 0.0 0.0 43.0 -173.0 63. 8 0.3 81.2 180.0
:31:45 CDH burna cutoff, rtial attitude hold CSM 57 8 0.9 3.1 -30.0 0.0 180.0 -168.3 0.0 180.0 141.2 1724 112.0 0.3 13.2 0.0
104:31:4 urh cutell, mertd LM 12.9 1.0 375 30.0 0.0 0.0 $6. 0.0 0.0 43.0 -173.0  63.5 0.3 8t.2  180.0
104:35:45 CSM and LM maneuver to SXT tracking - CsSM 57.7 0.7 20.9 -131.1 0.0 0.0 138.2 0.0 c.o 164. 1 —lbl.é 58. 6 179.7 35.0 180.0
¢ VHF ::n[inl/RR tracking attitude, LM 42. 8 0.8 25. ¢ 99. 7 0.0 0.0 1.2 0.0 0.0 40.0 -172. 7 66. 4 [ 90.0 180. 0
respectively
104:45:29 CS5M enter lunar umbra CSM 57.5 0.1 -8.7 -129.2 0.0 0.0 109.8 0.0 0.0  136.0 ~-173.2 30.2 179.5 35.0 186.0
104:45:44 LM enter lunar umbra LM 42. 4 0.2 -6. 1 102. 4 0.0 6.0 -151. ¢ 0.0 0.0 121.4 -157.0 94,8 0.3 90.0 180.0
i i - - - . .2 0.0 0.0 113.3 -174.9 No line of sight 35.0 180.0
104:52:34 CSM and LM terminate tracking, CSM CsSM 57.3 0.5 37.0 \Zé, 4 8.0 0.0 85 i ig!
maneuver to MI TPI burn attitude, LM 42.3 -0.4 -34.2 103, 7 0.0 0.0 -139.8 0.0 0.0 14.4 -19.2  No line of sight 90.0 180. 0
inertial attitude hold; LM maneuver to
TPI burn attitude, inertial attitude hold
0f. igniti lus Z-axi csM 57,3 -1.2 -80. 3 1157 0.0 0.0 45.4 0.0 0.0 71.4 -175.0  No line of sight 35.0 180. 0
105:08:57 TPI burn ignition (RCS plus * LM 42.2 o122 75,7 26.9 0.2 0.1 -163.0 0.2 -0.1 136.9 -6.5  No line of sight 0.3 -137.4

4 jets)
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Table II. Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)
Part 2: CSM/LM Undocking to LM APS Burn to Depletion

Local Horizontal IMU Look Angles Look Angles Look Angles to
Mission Selenographic Position Attitude Gimbal Angles to Earth to Sun Other Vehicle
Altitude Latitude Longitude Pitch Yaw Roll IGA MGA OGA Theta Phi Theta Phi Theta Phi
Event Vehicle {o mi) {(deg) {deg) (deg) (deg) {deg) {deg) (deg) (deg) (deg) {deg) {deg) {deg) (deg) {deg)
105:09:13 TPI burn cutoff, CSM and LM maneuver CSM 57.3 -1.2 -81.1 -116.5 0.0 0.0 51.2 0.0 0.0 77.1 -175.2 No line of sight 35.0 180.0
to SXT tracking - VHF ranging and RR LM 42,4 -1.2 -79.5 116.9 0.0 0.0 -73.8 0.0 0.0 48.1 -6.3 No line of sight 90. 0 180.0
tracking attitnde, respectively
105:19:32 LM lose MSFN line of sight LM 44,2 -1.2 -111,7 127.8 0.0 0.0 -91. 0 0.0 0.0 No line of sight No line of sight 90. 0 180.0
105:20:07 CSM lose MSFN line of sight CSM 57.5 -102 -114.3 -101,9 0.0 0.0 29.3 0.0 0.0 No line of sight No line of sight 35.0 180.0
105:31:49 CSM enter sunlight CSM 57. 8 -0.9 -150.0 -84.7 0.0 0.0 19.1 0.0 0.0 No line of sight 60.6 0.3 35.0 180.0
105:32:13 LM enter sunlight LM 49, 4 -0.8 ~151. 4 157, 5 0.0 0.0 -107.6 0.0 0.0 No line of sight 172.7 177.9 90,0 180.0
105:50:14 LM braking burn ignitior {RCS minus CSM 58. 3 0.2 153. 8 -93.3 0.0 180.0 -50.2 0.0 -179. % No line of sight 130.0  179.7 0.0 0.0
Z-axis 2 jets), CSM-LM range 3000 it LM 57.9 0.2 153, 8 30.0 0.4 t7a v 73.1 0.4 179.8 No line of sight 6.6 179. 1 30.0 180.0
105:50:30 Braking burn cutoff, CS5M and LM CSM 58. 3 0.2 153, 1 -92.5 0,0 180.0 -49. 4 0.0 -179.4 No line of sight 129.2 179.7 0.2 0.0
continue tracking LM 57.9 0.2 153,11 30.8 0.4 1778 73.9 0.4 179.2 No lire of sight 7.4 -179.2 90.0 180. 0
105:51:27 LM braking burn ignitior. (RCS minus CSM 58.3 0.3 150.2 -53.5 0,3 -179. ¢ -14.1 0.3 -179. 6 No line of sight 94.0 179.8 0.2 0.0
Z-axis 2 jets), CSM-LM range = 1500 ft LM 58,1 0.3 150, 2 33,2 0.3 179.7 73.9 0.4 179.7 No line of sight 5.8 179.2 30. 0 180.0
105:51:39 Braking burn cutoff, CSM and LM CSM 58.3 0.3 149. 6 -52.9 0.3 -179.6 -14.1 0.3 -179. 6 No line of sight 93.9 179.8 0.2 0.0
continue tracking LM 58.1 0.3 149.6 34.0 0.3 179.7 74.8 0.4 179.7 No line of sight 6.7 179.2 90.0 180.0
105:53:04 LM braking burn ignition {RCS minus CSM 58,3 0.4 145.2 -48. 4 0.3 179, 6 -13.9 0.3 -179.6 No line of sight 93.6 179. 9 0.4 0.0
Z-axis 2 jets), CSM-LM range = 500 ft LM 58.3 0.4 145, 2 42.6 0.3 179.7 75.9 0.3 179.7 No line of sight 6.1 179.5 90.0 180.0
105:53:10 Braking burn cutoff, CSM and LM CSM 58.3 0.4 144.9 -48.0 0.3 -179.6 -13.9 0.3 -179, 6 No line of sight 93.6 179.9 0.4 0.0
continue tracking LM 58,3 0.4 144, 9 42,1 0.3 179.7 75.4 0.3 179.6 No line of sight 5.7 179.5 90.0 180.0
105:54:24 LM braking burn ignition (RCS minus CSM 58.3 0.5 141, 2 -43.9 0.3 -179.7 -13.5 0.3 -179.6 No line of sight 93.2 180.0 0.6 0.0
Z-axis 2 jets), CSM-LM range = 100 ft LM 58. 3 0.5 141, 2 46.2 0.3 179.7 76.6 0.3 179.6 No line of sight 3.1 179. 6 90.0 180.0
105:54:30 Braking burn cutoff, CSM-LM CSM 58.3 0.5 140.9 -43.6 0.3 -179.7 -13.5 0.3 -179.6 No line of sight 93.2 180.0 0.7 0.0
range = 85 ft, CSM-LM range LM 58,3 0.5 140. 9 46,6 0.3 179, 7 76.7 0.3 179.6 No line of sight 3.0 179.7 90.0 180.0
105:57:10 CSM and LM maneuver 10 docking CSM 58, 4 0.7 128.0 -30.8 0.3 120.0 -14.5 0.3 120. 0 No line of sight 94.2 -120.0 0.0 0.0
attitude, CSM-LM range = 50 ft LM 58. 4 0.7 128.0 148.2 -0.3 180. 0 165.5 -0.3 180.0 No line of sight 85.8 0.0 0.0 0.0
106:06:33 Acquire MSFN line of sight CSM 58.3 1.1 104, 2 St 0.3 120.0  .14.5 0.3 120. 0 12,0 -45.7 94.2 -120.0 0.0 0.0
LM 58.3 1.1 104, 2 148.2 -0.3 180.0 165. 5 -0.3 180.0 168.0 -75.3 85.8 0.0 0.0 0.0
106:20:00 CSM/ LM docking, inertial attitude CSM 58.1 1.2 64.0 10.0 0,3 t20.0 -14.5 0.3 120.0 12.0 -45.7 94.2 -120.0 0.0 0.0
hold LM 58. 1 1.2 64. 0 -140.0 -0.3 180.0 165.5 -0.3 180.0 1680 -75.3 85.8 0.0 0.0 0.0
106:43:56 Enter lunar umbra CSM 57.5 0.1 -9.7 109. 9 0.3 120.0 -14.5 0.3 120.0 12.0 -45.7 No line of sight
106:50:45 Maneuver to LM jettison attitude,
inertial attitude hold CSM 57,4 -0.2 -30.0 -150.0 0.0 -60.0 70.3 0.0 -60.0 95. 1 -115, 4 No line of sight
107:18:21 Lose MSFN line of sight CSM 57.5 1.2 -t14. 6 vi. 4 0.0 -60.0 70.3 0.0 -60.0 No line of sight No line of sight
107:30:17 Enter sunlight CSM 57. 8 -0.8 -151.2 -28.9 0.8 -60.0 70.3 0.0 -60.0 No line of sight No line of sight
108:04:34 Acquire MSFN line of sight CSM 58. 3 1t 104, 3 75.7 0.8 -60.0 70.3 0.0 -60.0 95.1 -115. 4 No line of sight
108:09:24 Complete 1M jettison. start CSnM 58,3 1.2 90, 0 89. 9 0.0 -60.0 70.3 0.0 -00. 0 95.2 -115. 4 9.5 61,5 0.0 0.0
CSM evasive maneuver M 58. 3 1.2 90, 0 S00.0 0.0 0.0 -109.0 0.0 0.0  84.7 4.6 170.6  178.3 0.0 0.0
108:09:29 (‘.SMvcor‘an(-t«Ir :\-{vail‘ve maneuver, . CSM ?: ; . .’; 89,7 -75.0 0.0 180.0 -94. 8 0.0 180.0 70.0 175.1 174. 6 -177.1 15. 2 0.0
mdneuver to LM observation attitude, IM 58. 1.2 89. 7 -89.7 0.0 0 -109.b 0.0 0.0 84.7 -4. 6 170. 6 174, 3 179.5 0.0
inertial attitude hold
108:38:57 LM unmanned APS burn to depletion CSM ?7. a9 0.4 0.0 14,4 0.0 180.0 -94. 8 0.0 180.0 70.5 175.1 174.7 -177.1 41. 2 0.0
1gnition LM 57. 6 0. 4 0.0 0.0 0.0 2.0 -109.6 0.0 0.0 85.2 -4. 6 170. 6 178.3 153.5 0.0
108:42:30  CSM and LM uvnter umbra CSM 57.8 0.1 10,8 25.3 0.0 180.0  -94.8 0.0 180.0  70.6 175.2  174.7 -177.1 15.1 0.0
M Ti.t 0.0 -1 4 14,1 0.0 0.0 -109.6 0.0 0.0 85.2 -4. 6 170. 6 178.3 179k 0.0
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Table II.

Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit
LM APS Burn to Depletion Cutoff to TEI Burn Ignition

Part 3:

Mission
Time

hr:min:sec)

165:42:31

103:00:00

109:1¢ 43
109:24:50
110:02:53
113:40-59
111:14:55
111:27:19
112:01:114
112:39:30
113:13:10
113:25:50
113:59:30
114:37:59

117:09-02
117:22:50
117:55:25
118:00:00

$17:10:00

fie.21:19
P19:55043
119:55:00

Event
.M unmanned APS burn tu depletion
cutHff

Maneuver to slecp attitude, 1nertial
att:itude nold

Luse MSEN line of sight

Enter sunlieht

Acquire MSFN line «f sight

Erter lunar umbra

Lose MSFN line of sight

Enter suahight
Acquire MSFN bine of signt
Enter lunar umbra

Lose MSEN line of sight
Enter sunlight
Adquire MSFN lire of sight
Enter sunar umbra

Lose MSFN line 2t sight
Enter sunlight
Acquire MSFN line of sight

Erter iunar umbra

Lose MSFN line of sipht
Fnater sunhight
Acquire MSFN bne o sipht

Maneuver t9 in:tial attitude

phatoarapt. of 152 lacal o
Starr 9.5 deg i se patihorale
photograpny of L8
Ternipate pitch i, inertual

attiturde 7

sdaneuver 1o sirip Gerapr.

attitude  1ocal atrirvode Lald
Enter sanhyghit
Avquire MSEN Do of sight

Maneuver a! subs.iar point W6 lurn
windows away fron: sun, <¢ontinue
strip photosrapry,

Pocal attitude hoid

Local Horizontal MU Look Angles Look Angles

Selenograpnic Position Attitude Gimbal Angles to Earth to Sun
“ltude  Latitde  Longitude Pitch Yaw Roll ICA MGA OCA Theta Phi Theta Pht
{n mi) (deg) (deg) (deg) {deg) (deg) (deg) {deg) (deg) (deg} (deg) (dep) (deg)
37.% a1 -0 x 25,5 0.0 180, 0 =344 9.0 i80.0 70. 6 175.2 No line of sight
37,4 -0.2 -1 23.5 0.0 1350 -149. 7 0.9 135.0 125. 6  -130.¢ No line of gight
373 1.2 -115.0 T2 2.0 135.0 -149.7 0.0 135.0 No line of sight No line of sight
7.5 -3 -152.9 IR RN 0.0 15,0 LR EENN 3.0 135.0 No line of sight 130, 4 +1.0
58.2 1.0 104.2 143 0.0 1:5.0 -149.7 G. 0 135, 0 125. 6 -110.5 130, 4 436
37.8 0.1 -1 -35.9 2.0 135. 0 -149.7 2.0 135.0 126.2 -140.6 ™Mo line of sight
-1.2 -115.2 735 0.0 133.0 =149, 7 0.0 135.0’ No line of sight No line of sight
-0, -153.1 LR 0.0 t35.0 -133.7 0.0 135.0 No hine of sight 150.3 14,6
58,2 v 103. % -t3 1 0. 155.0 -140. 7 .0 135.0 124, ¢ -140.5 L350, 3 4.0
a.2 -12.9 -2 6.0 1:5.0 -143.7 0.0 135, 0 127.2 -1490. ¢ Mo line of sight
57.3 -1.2 -115. 4 Tl 5 0.9 135.0 -149.7 0.0 135.0 No line of sight No line of sight
57.5 -0.4 -1540 1 1 noo 135.0 -14%. 7 ] 135,90 No line of sight 150.3 41,5
55,2 1.9 105, ¢ -4 7 [N} 135-.0 =143, 7 9.0 1350 127.¢ -130,5 130.2 EE
57,4 9.1 138 -29. 6 0.0 135.¢ -149.7 0.0 135.0 128.2 - 1406 No line of sight
37,5 -1.2 B B T 0.0 135.0 -143.7 o, i35.0 No line »f sight N> line of sight
57.5 -0k -155.1 1181 0.0 135.0 -1.3. 7 5.0 135.0 No lire of sight 136.2 1+, 6
1.0 104, 3 -149.3 0.0 135.0 -149.7 0.0 1330 128. 6 =140, 3 130.2 44,6
LS R 301 c.0 1:3.0 ~135.7 a 135.0 129.2 -140.5 Noa line of sight
-itd 2 Y.t 0.0 1,30 ERE XN 135. 0 No line No line of sight
5 =150 P10,y 0.1 145 6 -139.7 a0 1350 N9 line 13001 i+ G
a2 10 103, RO 5 149, 7 153, 0 129. . 1571 PR
o3 [} 2T == 0 0.0 -2i [SA) 185 4.3 170y L -t7a.7
5%. ¢ E] H + - g0 1= N -% ' YRR o1 1772 [ -177.2
Sa. 4 pot 24,5 ER IR 1- 7 - 1 i L~ ' 1342 170 127 -0.3

-t - z ER I - 0 [ T
5 it - LT yoO LIRS -1 e ' Pen Tax, 17
T .2 Tia, s K L0 i Y e ™ 2wl srgn hY

2T -1 -122. -Ta 0 noh LIETERN) = i30 No hine of s:ight N hine of sight
R ) -157.1 =T G a0 1~ i R i - IRD. D N line of skt 5u.% =173, 7
R 1 Jrdl 2 -TE, G 0.6 124, 0 -7 1 t=o. R 1721 157.3 ~173. 1
Ve, 2 1.0 100, 4 -10Z, 0 9.0 0.0 -1G4 - [SAY) 0.0 LYY DR 175.0 176.9

Look Angles
to Landmark
Shaft Trunnion

deg (deg)
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Table II.

Part 3:

Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)
LM APS Burn to Depletion Cutoff to TEI Burn Ignition

Mission
Time

hr:min:sec

120:06:00

120:

120

120:
120:
121
121

121
121
121

121
121:
122:
122:

122:
122:
123:
123:

124:
124:
125:
125

125
:25:
39:

125

125:

17:

27

33

05

14:

19
:28:
142
52:
56:
16:

00

00

129
35:
140

00

49
51
50
03
06
51

3t

35

13

41
:49:
154:
:15:
118

30

33:
02:
33

16

59

100
03:
122

56

128

00
12

49

10
10

Event
Yaw 20 deg to include L.St, local
attitude hold

Yaw -20 deg, adjust attitude,
continue strip photography, local
attitude hotd

Terminate strip photography,
maneuver to IMU realignment
attitude, inertia. attitude hold

Enter lunar umktra
Begin IMU realignment
Lose MSFN line of sight

Start local attitude hold for landmark
tracking

Enter sunlight

Begin landmark tracking on CP,
Begin landmark tracking on CPZ
Acquire MSFN line of sight
Begin landmark tracking on F-1
Begin landmark tracking on 130

Maneuver to IMU realignment attitude,
inertial attitude hold

Enter lunar umbra
Begin IMU real:gnment
Lose MSFN line of sight

Start local attitude hold for landmark
tracking

Enter sunlight

Begin landmark tracking on CP|
Begin landmark tracking on CPZ
Acquire MSFN line of sight
Begin landmark tracking on F-1
Begin landmark tracking on 130

Maneuver to IMU realignment attitude,
inertial attitude hold

Enter lunar urrbra
Begin IMU realignment
Lose MSFN line of sight

Start local attitude hold for landmark
tracking

Enter sunlight
Begin landmark tracking on C}’l

Begin landmark tracking on CP,

L.ocal Horizontal

MU

Look Angles

Look Angles

Look Angles

Selenographic Position Attitude Gimbal Angles to Earth to Sun to Landmark
Altitude Latitude Longitude Pitch Yaw Roll IGA MGA OGA Theta Phi Theta Fhi Shaft Trunnion
(n_mi) (deg) (deg) (deg) _ (deg) (deg) de de deg) (deg) {deg) {deg) {deg) (deg) (deg)

58. 3 1.2 b, 9 -102. 0 20.0 0.0 ~138. 1 20.0 0.0 118.8 6.5 137.3 156. 3
58.2 1.0 33.4 -102.0 0.0 0.0 -17t.5 0.0 0.0 152.5 -9.0 108.2 179.7
58.0 0.5 2.9 -164. 3 0.0 0.0 G3. 3 0.0 0.0 113.7 174.9 15.0 179. 4
57.8 0.1 ER TN -144. 0 0.0 0.0 95. 3 0.9 0.0 1136 -175.9 No line of sight
57.8 -0.2 -21.5 - 140, 5 0.0 0.0 95. 3 0.0 0.0 1130 -174.9 No line of sight
57.3 -2 -114.9 -47.1 0.0 0.0 95. 3 Q. 0.0 No line of sight No line of sight
57.4 -1t -140.3 -22.0 0.0 0.0 95,3 0.0 0.0 No line of sight No line of sight
57.5 -0.9 -158.1 -22.0 0.0 0.0 7.5 0.0 0.0 No line of sight 3.3 4.8
57.7 -0. % 17405 -22.0 0.0 0.0 50.2 0.0 0.0 No line of sight 30.2 0.5 18.3 33.8
58. 0 .5 151.8 -22.0 0.0 0.0 7.7 0.0 0.0 No line of sight 72.6 0.3 2 39.2
58,2 1.0 103.7 -22.0 0.0 0.0 -20.1 0.0 0.0 8.7 -27.9 100. 0 0.3
58,3 i1 1.5 -22.0 0.0 0.0 -34.0 0.0 0.0 16.6 -15.2 114.3 0.3 6.0 39.6
58.2 1.0 28. 2 -2z.0 0 0.0 0.0 -95. 4 0.0 0.0 77.9 -42 1759 3.8 5.4 40.0
58. 1 0.8 19.1 175. 0 0.v 0.0 92,4 0.0 0.0 109.9 -175.7 12.0 178.7
57.8 0.1 -17. 4 -148.2 0.0 0.0 92. 4 0.0 0.0 109.6 -175.7 No line of sight
57.7 0.0 -26.9 -139.0 0.0 0.0 92. 4 0.0 0.0 109. 6 -175.7 No iine of sight
57.3 -1.2 -115. 3 -51.0 0.0 6.0 92. 4 0.0 0.0 No line of sight No line of sight
57. 4 -1 -144.0 -22.0 0.0 0.0 92. + 0.0 0.0 No line of sight No line of sight
57.5 -0.9 -159.1 -22.0 0.0 0.0 7.0 0.0 0.0 No line of sight 1.8 8.9
57.7 -0 4 174. 5 -22.0 0.0 0.0 51.3 0.0 0.0 No line of sight 29.1 0.6 18. 4 40. 1
58.0 0.5 131.8 -22.0 0.0 0.0 8.8 0.0 0.0 No line of sight 7.0 0.3 6.5 39.2
58.2 1.0 104, & -22.0 0.0 0.0 -18.5 0.0 0.0 4.3 -b8. 8 99.0 0.3
58. 3 1.1 91.5 -22.0 0.0 0.0 -30.7 0.0 0.0 14.3 -io. 4 111.1 0.3 6.2 39.6
58.2 1.0 28.2 -22.0 0.0 0.0 -34.5 0.0 0.0 77.8 4.1 174. 9 3.1 5 40.0
58. 1 0.8 19, t 175.0 0.0 0.0 93. 4 0.0 0.0 110.0 -175.8 12.9 178.8
57.8 0.1 -18.8 -147.1 0.0 0.0 93. 4 0.0 0.0 109. 7 -175.8 No line of sight
57. 8 0.0 =2t -139.5 0.0 0.0 93. 4 0.0 0.0 109. 6 -175.8 No line of sight
57.3 -1.2 -115. 6 -50.7 0.0 0.0 93. 4 0.0 0.0 No line of sight No line of s:ght
57.4 -1.1 -144. 0 -22.0 0.0 0.0 93. 4 0.0 0.0 No line of sight No line of sight
57.5 -0.9 -160.1 -22.0 .0 0.0 77.7 0.0 0.0 No line of sight 2.8 3.2
57.7 -0. 4 174.5 -22.0 32,4 0.0 0. No line of sight 23.1 0.6 t8. 7 40.2
58. 4 0.5 131.8 -22.0 0.0 0.0 9.9 0.0 0.0 No line of sight 70.6 0.3 SR 39.3
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Table II. Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)
Part 3: LM APS Burn to Depletion Cutoff to TEI Burn Ignition

Local Horizontal IMU Look Angles Look Angles Look Angles
Selenographic Position Attitude __ Gimbal Angles to Earth to Sun __to Landmark
Atltitude latitude Longitude Pitch Yaw Roll IGA MGA oGA Theta Phi Theta V'hi Shaft Trunnion
Event {n mi} (deg) (deg) (deg) (deg) (deg) (dep) (deg) {deg) (deg) {deg) {deg) (deg) _(deg) __(deg)
Acquire MSFN line of sight 58.2 0.9 104. 2 -22.0 0.0 0.0 -17.5 0.0 0.0 4.2 -69.5 98.0 0.3
125-32.27 Beizin landrmark tracking on F-1 58.3 1.1 91.5 -22.0 0.0 0.0 -29.6 0.0 0.0 14.2 -16.2 110. 1 0.3 6.2 39.6
12-:13:12 Begin landmark tracking on 130 568.2 1.0 2%.2 -22.0 0.0 3.0 -93.4 0.0 0.0 T8 -+ 0 173.9 2.6 5.0 39.7
120040 12 Maneuver tn IMU realizunment attitude, 58.2 6.9 19,1 175,06 G0 0.0 94.5 6.0 0.0 110.0 -175.8 13.9 178.9
inertial attitude hold
120:24:3% Enter lunar umbra 57.8 0.1 -19.8 - 146, 3 0.0 0.0 94. 5 0.0 0.0 109. 7 -175.9 No line of sight
12+.:3G:00 Begin IMU realignment 57.4 0.0 -22.9 -143.1 0.0 0.0 23,5 0.0 0.0 109. 7 -175.9 No line of sight
127:0%:27 Lose MSEXN tine of sight 57,3 -1.2 -115.7 -51.3 0.0 0.0 94.5 0.0 £.0 No line of sight No line of sight
127:07:43 Start local attitude hold for landmark 57,4 -i.1 -144.0 -22.0 0.0 0.0 4.5 0.0 6.0 No line of sight No line of sight
tracking :
127: Enter sunlight 57.5 -0.9 -161.1 -22.0 0.0 0.0 77.6 0.0 0.0 No line of sight 4.8 3.3
127: Begin landmark tracking on Cf’l 57.7 -0.4 174.5 -22.0 0.0 0.0 53.4 0.0 0.0 No line of sight 27.2 0.6 19.2 40.0
127:37-20 Begin landmark tracking on CPZ 58.0 .5 131.8 -22.0 0.0 0.0 10.9 0.0 0.0 No line of sight 69. 6 0.3 7.1 39.3
127:46.32 Acquire MSEN line of sight 548.2 0.9 103. 8 -22.0 0.0 0.0 -16.4 0.0 0.0 4.1 -70.2 97.0 0.3
127:87 37 Begin landmark tracking on F-1 38,3 1.1 91.5 -22.0 .0 0.9 -28.3 0.0 0.0 14.1 -15.9 109. 1 0.3 39.6
128:11 22 Begin landmark tracking on 130 582 1.0 28.2 -22.0 0.0 0.0 -92.2 0.0 0.0 77.6 -3.9 172.8 2.2 39.7
128:14:20 Maneuver to rest attitude, inertial 38.2 0.9 1a.2 ~35.0 0.0 180.0 -134.3 0.0 180.0 119.7 175. 6 145.0 -0.5
altitude hold
122:27:2 Enter lunar umbra 37.% 0.1 -20.8 -15.5 6.0 180.0 -134.3 0.0 180.0 120.0 175.6 Wo line of sight
122:53°27 =500 -1.2 -115.2 .o 3.0 130. 0 -134.3 0.0 130.0 No line of sight No line of sight
123:13:4% =705 -0.9 -1e2.1 125, 5 0.9 180. 0 -134.3 c.0 180.0 No line of sight 145. 0 -0.5
12%:44:31 Acqguire MSEN Line of signt 5%.2 0.9 103. 4 LR EIVAR 0.0 180. 0 -134.3 0.0 180. 0 120.3 173.7 145.0 -0.5
130:23 3% Enter junar umbra B 9.1 21, -15.2 0.0 120, 0 -134.3 2.0 180. 0 121. 0 1754 No line of sight
150:50 34 1 .se MSFN Line of sigr: ST -2 EEREN hET [ tA0. 0 S134.3 0.0 18C.0 No line of sight No line of sight
13012 tn ERAE TR RN £25.7 58 16,0 s34l 2.0 130.0 No hine of sight  144.9 -0.5
13142 =4 {line of sight arld RN 10: < LR IR @00 1~0.0 =134, 0.0 1800 21,3 175.7 144,09 -0.5
1312240 b 5 sod, Mmaneaver too A 1.2 or - Fs) 1=0.1 -7 0.0 140, 9 23.0 171.3 118, 4 -179.7
»oatograpry o
e
150 ts ¢ ser pitin rate [ur - [ L4 -n (O] 1530, 0 -Q5.9 0.0 150.0 nALR 17-.3 178. 7 -1L7.3
LS
f34.07 & Lrate. Lmernial sttt RRTN o 1.5 -ITT ) 1400 -175.5 0.0 180, 2 12, T 103, » -0.3
(a2 2. 2+ Manmeuver . IMI pea.ionment attitado [ Stne R Lo 1%0.0 -150.9 0.0 180.0 144.4 1737 122.3 -0.3
rnertial 2ttt de noid
152 232« Enter linar ombra - 0.1 L2 -3 0.0 1<, 0 -15:,9 0.0 160.0 144. 4 1737 No line of sight
152 0% %% Beyoin IM' realignmernt [T ST S21t 0.9 1.0, 0.0 150.0 1440 173.7 No line of sight
132 5301 Lose MSFN Line of signt RN .12 -1 D 551 2.0 150.0 0.0 180.0 No line of sight No line of sight
133:09:00 Mane r to att:tude {nr photo tarpets 87, -1.2 -15t.1 -45.0 0.0 120.0 0.0 130.0 No line of sight No line of sight

of opportanity, local attitude hold
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Table II,

Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)

Part 3:

LM APS Burn to Depletion Cutoff to TEI Burn Ignition

Mission
Time

{hr:min:sec

133:10
133:41

133

134:

134
134

134
134
135
135

135
135

136

136

136
136
136

136
137
137

150

02
14

17

22
:53:
:09:

130

:39:
:45:

:03:

:20:

21

:35:
45

151

:07
120

249
H B
100

:15
108
08

57
13
18
100

29

23

30

00

128
00
00

128
48
22

Event

Enter sunlight
Acquire MSFN line of sight

Maneuver to landmrark sighting attitude,
local attitude hold

Begin landmark tracking on Bl
Begin landmark tracking on 150

Roll 180 deg for ccmmunications,
inertial attitude hold

Enter lunar umbra
Lose MSFN line of sight
Enter sunlight

Maneuver to strip photography attitude,
local attitude hold

Acquisition of MSF'N line of sight

Yaw -20 deg to include highland site,
local attitude hold

Yaw 20 deg, adjust attitude, continue
strip photography, local attitude hold

Maneuver to TEI attitude, rolled 180
deg, inertial attitude hold

Enter lunar umbra
Begin IMU realignment

Roll 180 deg to TEI burn attitude,
inertial attitude hold

Lose MSFN line of sight
Enter sunlight

TEI burn ignition

Local Horizontal

MU

Look Angles

Look Angles Look Angles

Seienographic Position Attitude Gimbal Angles to Earth to Sun to Landmark
Altitude Latitude Longitude Pitch Yaw Roll 1GA MGA OGA Theta Phi Theta Phi Shaft Trunnion
(nmi) (deg) (deg) (degp) (deg)  (deg) (deg) (deg) (deg) _(deg) (dep) {deg) _ (deg)  (deg)  (deg)

57.5 -0.9 -164. 1 -45.0 0.0 180.0 55.1 0.0 180.0 No line of sight 29.4  -179.4
58.2 0.9 103.3 -45.0 0.0 180.0 -37.3 0.0 180.0 25.5 171, 4 118.0 -179.7
58, 3 1ot 70,5 -22.0 0.0 0.0 -40.9 €0 0.0 29.2 -a01 121, 7 0.4
58.3 1.2 39.2 -22.0 0.0 0.0 -75.1 0.0 0.0 v, 4 -3.9 159. 0 0.8 22.5 39.5
58.1 0. 31 -22.0 0.0 -114.2 0.0 0.0 102.7 -3.7 165.0 178.9 -4.7 39.5
58.0 0.5 -6.1 -22.0 0.0 180. 0 -123.3 0.0 180. 0 111.8 176.2 155. 9 -0.7
57.8 0.1 -23.8 -4 4 0.0 180. 0 -123.3 0.0 180.0 111.9 176.2 No line of sight
57.3 -1.2 -116. 1 87.t 0.0 180. 0 -123.3 0.0 180.0 No line of sight No line of sight
57.5 -0.9 -165.1 136.5 0.0 180.0 -123.3 0.0 180. 0 No line of sight 155. 8 -0.7
58.0 0.4 131. 8 -102.0 0.0 0.0 -64.7 0.0 0.0 No line of sight 145. 6 0.5
58.2 0.9 103.0 -102.0 0.0 0.0 -93.5 0.0 0.0 82.6 -3.5 174, 4 2.3
58. 3 | Y 85.0 -102.0 -20.0 0.0 -tit. 4 -20.0 0. 98. 6 -6.9 156.9 -122.9
58.2 1 29.9 -102.0 0.0 0.0 -166. 4 0.0 0.0 155.5 -8.4 112.7 179.7
58.0 0.2 -20.4 166.9 -0.2 0.0 52.4 -0.2 0.0 62.8  -176.1 28.3 1.0
57.9 0.1 -24.8 171.3 -0.2 0.0 52. 4 -0.2 0.0 62,7 -176.1 No line of sight
57.5 -0.7 =66, 1 -147.5 -0.2 0.0 52. 4 -0. 0.0 62.6 - 176, 1 No line of sight
57. 4 -1.1 -96.6 -117.1 -0.2 180.0 52. 4 -0.2 180. 0 62.3 3.9 No line of sight
57.3 -1.2 -116. 2 -97.5 -0.2 180.0 52,4 -0.2 130. 0 No line of sight No line of sight
57.5 -0.9 -166.1 -47. 4 -0. 180.0 52. 4 -0.2 180.0 No line of sight 28.6 -175.0
58.8 -0 1 155, 6 -9.6 -0.2 180.0 52. 4 -0.2 180. 0 No line of sight 28.6 -179.0
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Table II. Spacecraft Attitude and Trajectory Data
(d) Transearth
) IMU Gimbal Look Angles Look Angles Look Angles
Mission Angles to Earth to Moon to Sun
Time IGA MGA 0GA Theta Phi Theta Phi Theta Phi
(hr:min:sec) Event (deg) {deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg)
137:23:11 TEI cutoff, maneuver to lunar -39,2 -0,4 -179,7 No line of sight 0.0 0.0 120,2 -179,4
surface observation attitude,
inertial attitude hold
137:29:15 Acquire MSFN -39.2 -0.4 -179.7 29. 4 173.2 29.3 0.0 120.2 -179. 4
138:00:00 Begin IMU realignment, change Maneuver spacecraft as required
to PTC REFSMMAT .
138:30:00 Begin PTC -90.0 0.0 40.8 87.8 -132.6 89.7 -6.7 -90.0 136.2
150:30:00 Terminate PTC, begin Maneuver spacecraft as required
IMU realignment
151:00: 00 Begin star-lunar landmark Maneuver spacecraft as required
navigation sightings
152:20:00 Midcourse correction Maneuver spacecraft as required
152:45:00 Begin PTC -90.0 0.0 130.9 87.9 136.0 89.3 -76.6 90.0 45,6
165:00:00 Terminate PTC, begin IMU Maneuver spacecraft as required
realignment
165:20:00 Begin star-earth horizon Maneuver spacecraft as required
navigation sightings
165:45:00 Begin PTC at 3 revolutions -90.0 0.0 130.9 88.0 133.6 89. 4 -74.6 90. 0 45.0
per hour roll rate without
attitude control
169:45:00 Terminate PTC test, resume -90.0 0.0 130.9 88.1 132.5 89.4 -74.2 90.0 44.8
normal PTC
171:00:00 Terminate PTC, begin star- Maneuver spacecraft as required
earth horizon navigation
sightings
171:30:00 Begin PTC -90.0 0.0 40,9 88.1 -138,1 89.5 16.0 90.0 134.8
174:30:00 Terminate PTC, begin star- Maneuver spacecraft as required
earth horizon navigation
sightings
175:30:00 Begin IMU realignment Maneuver spacecraft as requirad

176:50:

Midcourse correction

Maneuver spacecraft as required
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Table II. Spacecraft Attitude and Trajectory Data
(d) Transearth (Continued)

IMU Gimbal Look Angles Look Angles Look Angles
Mission Angles to Earth to Moon to Sun
Time IGA MGA OGA Theta Phi Theta Phi Theta Phi
(hr:min:sec) Event (deg) (deg) (deg) (deg) {(deg) (deg) (deg) (deg) _(deg)
177:15:00 Begin PTC -90,0 0.0 -49.1 88.3 -50.6 89.5 107.0 90.0 -135,5
187:30:00 Terminate PTC, begin IMU Maneuver spacecraft as required
realignment, change to entry
REFSMMAT
188:50:00 Midcourse correction Maneuver spacecraft as required
189:50:00 Maneuver to entry attitude, 156.0 0.0 0.0 125.8 180.0 59.1 0,6 172.4 28.2
inertial attitude hold
190:15:00 Begin IMU realignment Maneuver spacecraft as required
191:33:00 CM/SM separation -92.7 -45, 0 0.0 74, 8 19,2 64,8 i51,0 73.2 23,1
191:50:32 Entry interface 156,0 0.0 0.0 114.0 0.0 58.3 0.5 172.3 27.9




Table III. F Mission IMU Matrices; Launch Date May 18, 1969;
72-Degree Launch Azimuth
Launch Pad
X Y z
X -0.80333901 0.07758623 -0.59044622
Y{ =1 0.53013973 0.54483762 -0.64969514
Z 0.27128991 -0.83494449 -0. 4788209
PTC
X Y z
X -0.5 -0.8660254 0.0
Y| =|-0.79453912 0.45872741 0.39784005
I -0.34453959 0. 19892003 -0.91745479
Landing Site
X Y Z
X 0.95054742 0.01675490 -0.31012723,
Y| ={-0.29246011 -0.38436486 -0.87563163
Z -0.10453089 0.92302923 -0.37025716
Entry
X Y z
X 0.82559319 -0.00450212 -0.56424786
Y| =| 0.50208567 0.46219075 0.73095123
Z 0.25749931 -0.88676912 0.38384198
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Table IV, Prime Landmark Tracking Targets for May 18, 1969 Launch

Landmark Nomenclature Latitude Longitude Altitude (n mi)
IP for CP1 0. 000 178. 438E 0. 00
CP1 0. 875N 170. 146E 0. 0Q
IP for CP2 0. 800N 132.480E 0. 00
Cp2 1. OOON 127. 400E 0. 00
IP for F-1 1. 280N 93. 840E 0. 00
F-1 1. 600N "86. 880K 0.00
IP for B! 1. 505N 40. 105E -0.97
B1 (LS{ landmark) 2.522N 35.036E -1.49
IP for 130 1. 885N 28. 726E -1.03
130 (LS2 landmark) 1. 266N 23.679E -1.68
IP for 150 0. 300N 3.383E 0. 30
150 (LS3 landmark) 0. 283N 1.429W -1.00
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(ANY VECTOR)

¢ MEASURED FROM MINUS Z-BODY AXIS POSITIVELY ABOUT
X-BODY AXIS TO VECTOR PROJECTION IN Y-Z PLANE

6 SMALLEST ANGLE FROM X-BODY AXIS TO VECTOR

Figure 1. Spacecraft Body Aspect Angles
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CM./SM SEPARATION
s \

191: MCC-7
188:50 \
ENTRY INTERFACE S~ P52 Psy
191:50 \
/
L) 02:38 /
/
EARTH AT
CSM/S-IVB SEPARATION LANDING /
03:03 !/
MOON AT TEI

LM WITHDRAWAL
04:08

LEGEND MCC-2 / 15000 N Mt
26:30 S-BAND . —_—

ALL EVENT TIMES (XXHR:XXMIN) ARE GROUND ELAPSED TIME (GET) HGA TEST /P52 -
o -~ PTC 27:00 Ny /.
SEH  ~ STAR/EARTH HORIZON SIGHTINGS I accos Ps2
SLH  ~  STAR/LUNAR HORIZON SIGHTINGS 400 Ol-1
SLL ~  STAR/LUNAR LANDMARK SIGHTINGS | : / 7ads
P52~  IMU ALIGNMENT I | :
MCC  ~ MIDCOURSE CORRECTION -

‘ MCC-5

70:45

NOTE: TRAJECTORY PROJECTION IN EARTH EQUATORIAL PLANE. MOON AT LOI

EARTH AND MOON NOT TO SCALE

Figure 2. Cislunar Trajectory and Event Profile



MISSION TIME
75:51:45

START FIRST REVOLUTION
LOI-1 CUTOFF

(-173.4, -20,1, -3.6)
INERTIAL ATTITUDE HOLD

TERMINATE FIRST
REVOLUTION

ROLL 180 DI G FOR COMMUNICATIONS
t-147.7, -20.1, 176.4)

1,176,
INERTIAL ATTITUDF HOID

-131.8

. -119.0

SELEMOGRAPHIC LONGHTIDE (DEGH

MANEUVER TO LUNAR
OBSERVATION ATTITUDE
=450, 0 0, 180.0
LtOCAL ATTITUDE HOLD

MANEUVER TO SLEEP

ATTITUDE FOR

COMMUNICATIONS REACQUISITION TEST
45,5, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

BEGIN IMU REALIGNMENT
(-34.9, 0.0, 180.0

TERMINATE LOCAL HOLD

®

(-45.0, 0.0, 180.0)
INERTIAL ATTITUDE HOLD

LEGEND:

[]  SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

W seacecrarr LOSS OF MSFN LINE OF SIGHT
() sPacecmas sunmise

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 3. First Revolution Major Events and Attitudes
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MISSION TIME
77:57:30
START SECOND REVOLUTION
(154.2, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

SHENOCRAPHIC FOMGITUDE (DG ) e 1094 D

Y/ NN

ROIL 45 DEG TO

IMPROVE VISIIAL

OB PYATION NEAR

LAQENING TERMIFATOY
o4 ) 180 O

IS TIAL ATTITIDE WO

7
MANEUVER TO LOI-2
BURN ATTITUDE
136.7, -2.4, 0.1+
INERTIAL ATTITUDE HOLD

BEGIN MU
REALIGNMENT
-14.8, 0 0, 180.0}

®

LEGEND

[ SPACECRAFT 4CQUISITION OF MSEN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT SUNRISE

I SPACECRAFT LOSS OF MSFN LINE OF SIGHT

(XX, X.X, XX} - VEHICLE ATTITUDE RELATIV Y
TO THE LOCAL RORIZONTAL ORIENTATION,
IPITCH, YAW, ROLLY

Figure 4. Second Revolution Major Events and Attitudes
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MISSION TIMmE
9

80:05. 3
START THIRD REVOLUTION

LO(-2 BURM CUTOFF
(-176.9, 2.4, 0.1)
INERTIAL ATTITUDE HOLD

MANEUVER TO
LANDMARK TRACKING
ATTITUDE FOR f-})
+-131.9, 0.0, 0.0}
INERTIAL ATTITUDE HOLD

ROLL 180 DEG FOR

COMMUNICATIONS

1-149.5, -2.4, -179.9)

INERTIAL ATTITUDE HOLD
7/

MISSION TIME

81:45:00

Ly OCCUPKED -123.3
&

- -Nas

/' SELENCQCRAPHIC LONGITUDE DEG»

MAMEYJER 1O

LUMAR OBSEPVATION
ATTIT IOt

-45 4, 2.0, 180G 3
LOCAL ATIITUDE MOLD |

BEGIN MU
REALIGNMENT

~14.1, 0.0, 180.0) TERMINATE LOCAL HOLD
(-45.0, 0.0, 180.0)
INERTIAL ATTITUDE HOLD
LEGEND:

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET
SPACECRAFY LOSS OF MSFN LINE OF SIGHT

o] [ n

SPACECRAFT SUNRISE

(X.X, A&, K. X} VEMICLE ATTITIIOE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
{PITCH, YAW, ROLL)

Figure 5. Third Revolution Major Events and Attitudes
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ACCEPTABLE MARKING REGION
90 SEC

A
35°

/ ' LANDMARK

>

TOPOCENTRIC HORIZON

4.6

Figure 6. Landmark Tracking Geometry for a 60-Nautical Mile
Circular Lunar Orbit
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300 400 500 600 700 800
TIME FROM 0 DEG ELEVATION (SEC)

200

100

Elevation Angle versus Time Curve for In-plane Landmark

Figure 7.
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START -0.3 DEG/SEC ZENITH TERMINATE PITCH

PITCH RATE RATE
ééEE@fé'éET%RS (-2.1,0.0,0.0) (-47.0,0.0,0.0)
VERAGE e -
(-5.0,0.0,0.0) ¢ 90 SEC 90 SEC
58 SEC
X
= CSM CsM
C
q_h'lsi
INERTIAL HOLD \
{-17.25,0.0,0.0) 7
CSM
Xesm ,0 35°
| ]
LANDMARK
Zesm
[T 4.8°
4.6°—1
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE ]
1O THE LOCAL HORIZONTAL ORIENTATION; 7.5°
(PITCH, YAW, ROLL) ‘
19.7°

Figure 8. Tracking Geometry for Mode I Landmark Tracking



MISSION TIME

82:00:42

START FOURTH REVOLUTION
(-90.2, 0.0, 0.0)

INERTIAL ATTITUDE HOLD

MISSION TIME
83:55:00
LM UNQCCUPIED

Q 1o

START -0.3 DEG /SEC

PITCH RATE FOR L ANDMARK
TRACKING ON F-1

1-2.1, 0.0, 0.0»

180.C

. S13 9

SELENOGRAPHIC LONGITUDE 'DEG + —————tm 106.1 []

TERMINATE PITCH RATE
/ .-47.9, 0.0, 6.0}
INERTIAL ATTITUDE HOLD

TEREINATE [
COMMUNICATION
TESTS

4.1, 0.0, 13200
INEQTIAL ATTIIUDE HOLD

MANEUVER TO LANDMARK
TRACKING ATTITUDE FOR BI
€-35.5, 0.0, 0.0

INERTIAL ATTITUDE HOLD

START -0.3 DEG SEC
PITCH RATE FOR LANDMARK
TRACKING ON BI
-2.1,0.0, 0.00

INERTIAL ATTITUDE HOLD

START LM

COMMUNICATIONS
TEST MANEUVER 1O
1-21.8, 6.0, 1355 SUEEP ATTITUDE
INERTIAL ATTITUDE HOLT 1-49.9, 0.9, 135.0 TERMINATE PITCH R
INERTIAL ATTITUDE HOLD -47.0, 0.0 0.% A
INEPTIAL ATTITUDE HOLD
LEGEND

[[]  SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@ sracecrarsunser
SPACECRAF I LO3S OF MHFN LINE OF SIGHT

SPACECRAFT SUNRISE

X.X; X, X, X.X) - VEHICLE ATTITUDE RELATIVE
10 THE LOCAL HORIZONTAL ORIENTATION;
iPITCH, yAW, ROLL)

Figure 9. Fourth Revolution Major Events and Attitudes
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MISSIOIN TIME

84:01:

START FIFTH REVOLUTION

(150.8, 0.0, 135.0)

INERTIAL A'T“'IUDE HOLD
1

O -139.9

SELENOGRAPHIC 1 ONGITUDE (DEG) ~——— 105.7

8.6

MISSION TimE

4.45.00
START CREW SLELP PERIQD

@

LEGEND-

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@  sPacecrarT suNser
. SPACECRAFT LOSS OF MSFN LINE OF SIGHT
(O seacecrast sunmise
(XX, XX, X.X) - VEHICLE ATTITUDE RELATIVE

1O THE LOCAL HORIZONTAL ORIENTATION,
{PITCH, YAW, ROLL)

Figure 10. Fifth Revolution Major Events and Attitudes
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MISSION TIME

86:00:

'START SIXTH REVOLUTION
1149.7,0.0, 135.0)
INERTIAL ATTITUDE HOLD

O -144,0

- 11410

/1054 0
SELENOGRAPHIC LONGITUDE (DEG) g

LEGEND:

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

" SPACECRAFT LOSS OF MSFN LIN OF SIGHT .
SPACECRAFT SUNRISE

omed

(XX, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
{PITCH, YAW, ROLL)

Figure 11. Sixth Revolution Major Events and Attitudes
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MISSION TIME

87 58:11
START SEVENTH REVOLUTION
(is8.7, 0.0, 135.00

INERTIAL ATTITUDE HOLD

CEOIOCRARC (O ETHNE () et 101 D

-Q
LEGEND: "/

[ sPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

. SPACECRAFT SUNSET
Bl SPACECRAFT LOSS OF MSFN LINE OF SIGHT
O SPACECRAFT SUNRISE

TQ THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL}

(XX, XX, X.X) - VEHICLE ATTITUDE RELATIVE $

Figure 12, Seventh Revolution Major Events and Attitudes
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MISSION THME

89:56:2) .

START £1GHTH REVOLUTION
(147.6, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

o -143.0

-112.9

SELENOGRAPHIC LONGITUDE (DEG) ~mmem———tmm- 106, 1

LEGEND:

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFY SUNSET

o0

SPACECRAFT LOSS OF MSFN LINE OF SIGHT

on

SPACECRAFT SUNl.ISE

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL) .

Figure 13. Eighth Revolution Major Events and Attitudes
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MISSION TIME

9):54;31

START NINTH REVOLUTION
(146.6, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

O -143 9

. 132

SELEMOGRAPHIC LONGHUDE (Df (1) ————m=  105.% D

-9

MISSION TIME _—,/
0 00 [

o3
CREW WAKEUF

LEGEND

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@  sracecrast sunser
[ SPACECRAFT LOSS OF MSEN LINE OF SIGHT
O SPACECRAFT SUNRISE
(X%, XX, X X} - VEHICLE ATTITUDE RELATIVE

TO THE tOCAL HORIZONTAL ORIENTATION;
PITCH, YAW, ROLL)

Figure 14, Ninth Revolution Major Events and Attitudes
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Figure 15. Lunar Orbit Sleep Geometry
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MISSION TIME
52-41

93:52
START TENTH REVOLUTION
(145.5, 0.0, 135

INERTIAL ATTITUDE HOLD

O -145.0

— 180.0
. -13.7 /

MANEUVER TO LANDMARK TRACKING /
ATTITUDE FOR 130
(128.1, 0.0,

0.0 SELENOGRAPHIC LONGITUDE (DEG ) ———mm 105 &
INERTIAL ATTITUDE HOLD__

MISSION TIME
94 25 O

0
LM OCCUIPHD

BEGIN IMUI REALIGNMENT @
-25.4,00 135 00

LEGEND:

SPACECRAFT ACQUISITION QF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSEN LINE OF SIGHT
SPACECRAFT SUNRISE

omeo

XX, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 16. Tenth Revolution Major Events and Attitudes
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ROLL 180 DEG

1O UNDOCKING ATTITUDE

-108.2, 00

INERTIAL ATTITUDE HOLD

MISSION TIMES

95:50:51

START ELEVENTH REVOLUTION
-153.4, 0.0, 0.0)

INERTIAL A.TTITUDE HOLD

MISSION TIME
97:45.00
AGS CALIBRATION TEST

180.0)

SELENOGRAPHIC LONGITUDE 'DEG 1 e 105.0

START -0.3 DEG /SEC
PITCH RATE FOR
LANDMARK TRACKING
ON 130

=2.1, 0.0, 0.0»

@  srececrarT sunser
[l SPACECRAFT LOSS OF MSFN LINE OF SIGHT

LEGEND:
[C]  SPACECRAFT ACQUISITION OF MSEN LINE OF SIGHT

TERMINATE
PITCH RATE
SPACECRAFT SUNRISE MANEUVER 10 Db e 0.0
XX, X.X, X.X) - VEHICLE ATT{TUDE RELATIVE ;ng?cxmo ATTITUDE, INERTIAL ATTHUDE HOLD
TO THE LOCAL HORIZONTAL ORIENTATION; uzéﬂ"o“’(? oosc
(PITCH, YAW, ROLL) .

, 0.0, 0.0
INERTIAL ATTITUDE HOLD

Figure 17. Eleventh Revolution Major Events and Attitudes
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MISSION TIME

97:49:01

BEGIN TWELFTH REVOLUTION

(-50.4, 0.0, 180.0)

INERTIAL ATTITUDE HOLD DEPLOY LM LANDING GEAR
(-32.3, 0.0, 180.0}
INERTIAL ATTITUDE HOLD

MISSION TIME

99:33:59

LM DOI BURN IGNITION
CSM (-145.0, 0.0, 0.0)
LM 180.0, 0.0, 0.0)
INERTIAL ATTITUDE HOLD MISSION TIME

98:10:00

UNDOCKING

CSM (1.3, 0.0, 180.0)
LM i-166.7, 0.C, 120.0}
INERTIAL ATTITUDE HOLD

BEGIN LM INSPECTION
CSM 12}.3, 0.0, 180.0)
1M (-68,7, 0.0, 0.0)

O INERTIAL ATTITUDE HOLD

\, o
\\
180.0 34
i81.8 4/
Vs 105.7

o /
SELENOGRAPHIC
LONGITUDE DEG !

LM MANEUVER TO

DO1 BURN ATTITUDE
CSM (-112.8, 0.0, 0.0
M (164.9, 0.0, 0.0)
INERTIAL ATTITUDE HOLD

CSra ROLL 180 DEG

FOR COMMUNICATIONS
CSm 1350, 00, 0.00

Lm .-55.0, 0.0, 0.0
INERFIAL ATTITUDE HOLO

MISSION TIME

98 35 16

Csm SEPARATION BURN IGNITION
C5M 190.0, 0.0, 0 01

1M 10.0, 0.0, 0.00

(NERTIAL ATTITUDE HOLD

5

—@
MANELVER TO SXT-VHF RR
/ TRACKING ATHTUDE
BEGIN MU REALIGNMENT
CSM (174.3, 0.0, 0.0V
LM 49.3, 0.0, 0.0"
INERTIAL ATTITUOE HOLD

CSM1136.1, 00, 0.0¢
WMTtt 00,00
LINE-OF - SIGHT MAINTENANCE
LEGEND:

] SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

@ sracecmart sunser

B 5PACECRAFT LOSS OF MSFN LINE OF SIGHT

O  seacecrart sunaise

- o o TERMINATE SPACECRAFT EVENT SEQUENCE

{X. X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORENTATION;
{PITCH, YAW, ROLL)

Figure 18. Begin Twelfth Revolution to DOI Burn Ignition
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63

SELENOGRAPHIC LONGITUDE (DEG)

-160

AH

-120 \
. AN

"

//

‘40 /’

7
0 7 NOTE: AV = 2,5 FT/SEC RADIALLY INWARD
/ CSM BELOW AND AHEAD OF LM

THROUGHOUT PHASE

S I

0 1 2 3 4 5 6 7 8 9 10

HORIZONTAL AND VERTICAL DISPLACEMENT, 4R, aH (FT X 10_3)

Figure 19. CSM/LM Relative Motion from Separation to DOI (LM Fixed)




MISION TIME
2 MANEUVER TO
PDIATIITUDE
45 6, 0.0, 180 ¢
INERTIAL ATTITUDE HOLD

DO BURN CUTOFF
-179.2,0.0, 0.0
MANEUVER TO TRACH INC-
ATTITUDE

C54 ROLL 180 DEC
KEUPMAE TRAC K ING.

MG T
10 46 1
PHANMNG BUSN IUNITION

283 00 2
(NERTIAL ATTITUDRE HQLD

Cur O R
TRACKING 10 Fra dhals
BURN CUITORE

TEGEND
[} sraCtCRarT ACQUISIION OF MSEN LINE OF SIGHT

@ rccatsuns

Bl racicRar 0SS OF MsEN LI 1 oK)

() seactcran sunuist
---------- SPACUCFATT TRAC b ING PERIOD
e e BECGIN SPACECRAFT EVENT SEQUENCE
——— = TERAMNATE WPACECRAFT EVENT SEQUENCE
XX, X X, XXy - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIFNTATION
(PITCH, YAW, ROLL)

Figure 20. DOI Burn Cutoff to Phasing Burn Ignition
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200 240 280 320 360

60

120 1

80

0

4
BEHIND

80 40
AHEAD
HORIZONTAL DISPLACEMENT, (N MI)

200 160 120
Figure 21, CSM-LM Relative Motion from DOI Cutoff to Docking
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PITCH TO LOCAL
VERTICAL

MNEGATIVE 180 DEG ROLL
PILOT YAW RIGHT)
PITCH FORWARD

TO-ZOO SEC

T,-400 3EC

INERTIAL PDJ 0

ADDITUDE

ACQUIRE tASFN
LINE OF SIGHT
T.-17 MINUTES
o

/

Figure 22.

~ PITCH AS REQUIRED FOR
~ LANDING SITE OBSERVATION
—

¥
TO - 200 SEC

LANDING SITE

PERICYNTHION

PHASING TIG = 100:46:21 G.E.T,
TO’IOO:JIG.E.T. SING TIG = 100:46:2}

. N
o . ot
RO
\e) “P?po o K
WOWAE
v W R

S

\

Landing Radar Test Attitude Sequence



SELENOGRAPHIC
LONGITUDE (DEG)H

96.8  CSM M INSEPTION

BURN ATTITUDE

e

BESCENT STAGE 1ETTIEON
1809, 43, 180 3
MANEUYER TO IMCERTION
BURN ATT|TUDE

MISSION TIME
102-43 18
INSERTION BURN IGNITION
$155.6, 0.0, 180.Q)
INERTIAL ATTITUDE HOLD

MISSION TIME

100-47-03

PHASING BURN CUTOFF
131.1,0.0,0.00
INERTIAL ATTITUDE HOLD

LEGEND:

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
. SPACECRAFT SUNSET

- SPACECRAFT LOSS OF MSEN LINE OF SIGHT

(O sPacecearT sunRise

== SPACECRAFT TRACKING PERIOD

== BEGIN SPACECRAFT EVENT SEQUENCE
= -e o= TERMINATE SPACECRAFT EVENT SEQUENCE
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL}

Figure 23. Phasing Burn Cutoff to Insertion Burn Ignition
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[EXENTIEN
RUPR ATTHIONE

MECHOM TIMI

IORYE

COURBEL Ly
LTI BT

FRHAL ATHITODE oL

PARNONG Y Iraf
\ 194 31 1)
N COM BUREYICEITION
WOy

. LN
IHIEVTIAL AVTOUDE v
\ /
0

,

PAISSIO N Timg

10243 3)

INSERTION BURFS CITOR
P56 5, 0 0, 180 01
IMERTIAL ATTITUDE HOED

CHM MICDR
BURN atTLT DY

LEGEND

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
. SPACECRAFT SUNSET

[ SPACECRAFT LOSS OF MSEN LINE OF SIGHT

O SPACECRAFT SUNRISE

SPACECRAFT TRACKING PERIOD

== === BEGIN SPACECRAFT FVENT SEQUENCE

——+-em TERMINATE SPACECRAFT EVENT SEQUENCE
(XX, X X, X X] - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION,
{PITCH, YAW, ROLL)

Figure 24. Insertion Burn Cutoff to CDH Burn Ignition
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CSA AND LM RESURE
TRACKING AT 1P|
BURN CUTOFF

MISSION TIME
1051857
TPI BURN IGNITION

Figure 25.

6.9, 5.2, -0 1}
INERTIAL ATTITUDE HOLD

FIRST LM BRAKING BURN
CSM-LM RANGE = 3000 FT

LEGEND:

SELENOGRAPHIC LONGITUDE :DEG)

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@  sracecrar sunser

. SPACECRAFT LOSS OF MSFN LINE OF SIGHT

O SPACECRAFT SUNRISE

=== SPACECRAFT TRACKING PERIQD

o —a= BEGIN SPACECRAFT EVENT SEQUENCE

== == TERMINATE SPACECRAFT EVENT SEQUENCE

X, X, X.X, X.X) -~ VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)
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SECOND BRAKING BURN
CSM-LM RANGE 1500 FT

THIRD BRAKING BURN
CSM-LM RANGE 500 FT

FINAL BRAXING BURN
CSM-IM RANGE 100 FT

MISSION TimE

106:20-00

CMSAM DOCKING

CSM LOCAL HORIZONTAL ATTITUDE
40,0, 0.0, -60.01

INERTIAL ATTITUDE HOLD

MISSION TIME
104:31:45
CDH BURN CUTOFF

90.2, 0.0, 0.
INERTIAL ATTITUDE HOLD

CDH Burn Cutoff to Docking



-114.5

MANHUVER TO LM

-151.2

JETTISON ATTITUDE

CSM LOCAL HORIZONTAL ATTITUDE

+-150.0, 0.0,
INERTIAL ATT

-60.0Y
ITUDE HOLD

Figure 26.

SELENOGRAPHIC LONGITUDE (DEG) -

&

LEGEND

D SPACECRAFT ACQUISITION QF MSEN LINE OF SIGHT

@ seaccrart sunser
B SPACECRAFT LOSS OF MSFN LINE OF SIGHT
O SPACECRAFT SUNRISE

=== BEGIN SPACECRAFT EVENT SEQUENCE
e = = e TERMINATE SPACECRAFT £VENT SEQUENCE

(XX, XX, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORtZONTAL ORIENTATION;

(PITCH, YAW, ROLL)
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ez O MISSION TIME
108.09 24
LM JEITISON

CSM LOCAL HORIZONTAL ATTHTUDE
90.0, 0.0, -60.0)

/ AMISSIOMN TIMt
106 20 00

CPAAM DOCK IHIG

CSA LOC AL HORIZONTAL ATTIUOE
100,00, 400

IHHERTIAL ATDITUDE HOLO

Docking to LM Jettison



Figure 27.

MISSION FIME
109:38:00
END SEVENTEENTH REVOLUTION

-152.0

180.0

| \
oy

\

-64.1

-10.8

1M UNMANNED

APS BURN 1O

DEPLETION IGNITION
@ CSM (14.4, 0.0, 180.0)

M (0.0, 0.0, 0.0)

INERTIAL ATTITUDE HOLD

LEGEND:

D SPACECRAFT ACQUISITHON OF MSFN LINE OF SIGHT
@ sracecrarT sunser

. SPACECRAFT LOSS OF MSFN LINE OF SIGHT

(O SPACECRAFT SUNRISE

— o= BEGIN SPACECRAFT EVENT SEQUENCE
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
{PITCH, YAW ROLL)

\

SELEFIOGRAPHIC LOMGITUDE DEGH

MISSION TIME

1580924

COMPLETE LM

SETTISON,

START CSM

EVASIVE MANEUVER

CSM -89.9, 0.0, -60,0)
1+4:-90.0, 0.0, 0.0}
IFERTIAL ATTITURE HOLD

CsM COMPLETE
rANFUVER TO

OBSERE (M

CSm 1-29.5, 0.0, 180,01
INERTIAL ATTITUDE HOLD

LM Jettison to End of Seventeenth Revolution
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MISSION Timt

109 38:00

START EAGHTEENTH REVOLUTION
(139.0, 0.0, 135.0

INERTIAL AYTI.TUDF HOLD

n ; /
/ ) \\x

SELENOGRAPHIC TOMCITUDE D e g 103 D

LEGEND:

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSEN LINE OF SIGHT

SPACECRAFT SUNRISE

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

one

Figure 28. Eighteenth Revolution Major Events and Attitudes
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MISSION TIME

11126

10

START NINETEFNTH REVOLUTIOM

137.9,
INERTIAL AT
H

LEGEND:

0.0, 135.6)
THLHDE HOLD

180.0

SELENQGRAPHIC LONGITUDE 1DEG)

103.8 ||

|
o
=
O

SPACECRAFT SUNSET

{PITCH, YAW, ROLL)

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

SPACECRAFT LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

(X.X, X.X, X.X) -~ VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;

Figure 29. Nineteenth

95

Revolution Major Events and Attitudes



MISSION TIME

113:34.21

START TWENTIETH REVOLUTION
(136.9, 0.0, 135.0)

INERTIAL ATTITUDE HOLD

o -155.1

180.0

SELENOGRAPHIC LONGITUDE (OLG) ——am 1034 [ ]

LEGEND:

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

omed

1X.X, XX, X, X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
PITCH, YAW, ROLL)

Figure 30. Twentieth Revolution Major Events and Attitudes
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MISSION TIME
115:32:31

START TWENTY-FIRST REVOLUTION
(135.8, 0.0, 135.00

5
INERTIAL ATTITUDE HOLD

—

. RAFS)

N

ELENOGRAPHIC LONGITUDE 'DEG) —m= 104.9 D

EGEND

SPACECRAFT ACQUISITION OF MSFN LINE OF 3IGHT
SPACECRAFT SUNSET

]
L)
]
O

SPACECRAFT LO'SS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

XX, X.X, X.X) - VEHICLE ATTITUDF RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
[PITCH . YAW, ROLL)

Figure 31. Twenty-first Revolution Major Events and Attitudes
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MISHIOTS TIME

104

START TWENTY-SECOND REVOLUTICN
Va7, 000, 13500

IMERTIAL ATDITUDE HOLD

MANEUVER TO CTRIP
PHOTOGRAPHY ATTITUDY
1-78.0, 0.0, 1800
LOCAL ATTITUDE HOLD

.
N
\,
N
N\
\\
/
- 114 4 \
/ \
/ -
o L
/ ,/
C/// Ll /\
s / AN LS T AR 1AL
/////// o N P v FOF OBLIGUE
o | 0, 1RGO
/A Lo ATHTHDE e D
o g /
. - . / '
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gy o B /
// ’//' 4 /
a]LlGLN IMU REALIGNM FNT S ? /
131.7,0.¢. 180 o gt
» ////// [ X ’
s '/’/ //',
S5 8

@ \
TEEAIr ATt

Pt LAY
=TT e a0 IR D
INERTIA; ATTIT D, e

LEGEND-

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFY SUNSET
SPACECRAFT LOSS CiF MSFN LINE OF SIGHT

SPACECRAFT SUNRISE

omec

XX, XX, X XY - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAI ORIENTATION;
PITCH, YAW, ROLL)

Figure 32. Twenty-second Revolution Major Events and Attitudes
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66

LOCAL ATTITUDE HOLD
(-8.0, 0.0, 180.0)

POINT OF

START 0.5 DEG/SEC MAXIMUM BACK-UP  ZENITH

PITCH RATE

(-8.0, 0.0, 180.0)

DeE o

X

CSM
11.7 DEG

(-50.8, 0.0, 180.0)  TERMINATE PITCH RATE
(-77.7, 0.0, 180.0)

60 SEC —»=1
z

CSM

Figure 33.

Oblique Photography Attitude Sequence



MISTION TimE

119.28°51

START TWENTY-THIRD REVOLUTION
-78.0, 0.0, 18C.0)

LOCAL ATTITUDE HOLD

Ko IR LA ATTITHDE
SCEDY FOR LANDMARN TEACK NG
AN SN

POCAC ATTHIODE i

SELENCGRAPHIC {QRIGITUNE DEG —— g D

180 0 \
\ SLANE L AER AT SDIBLOI AR
PO TG TR NI Y
T

RET I

. TAY DTN

TCrCLDF
BRI N

/ LOCAL aTTHTIUDE v D

AW -20 DEC
AD ST ATTITUDE
CONTINUE STRIP CHOTOGRAPHY

BF ey (A
REALIGNAE AT

ERERUE SRV NN 2200 .
@ TERMINATE STRIP PHOTOGRAPHY LOCAL ATTITUDE nOLD
CMAANEUSER TS MU REALIGNMENT
ATTITUDE

-164.3, 0.0, 2 2
INFRTIAL ATTITINE HOLD

LEGEND
(7] SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

@ oacrcrarrsunse
I SPACECRAFT LOSS OF MSFN LINE OF SIGHT
O SPACECRAFT SUNRISE

_
XX, X v, X M) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL CRIENTATION;
PITCH . yAW  ROLLY

Figure 34. Twenty-third Revolution Major Events and Attitudes
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LANDMARK EXITS

LANDMARK ENTERS ZENITH SXT FIELD OF COVERAGE
LANDMARK ENTERS SCT FIELD OF COVERAGE (-22.0,0.0,0.0)
SXT FIELD OF COVERAGE (-22.0,0.0,0.0)
(-22.0,0.0,0.0) L i 100 SEC—="]"——"56 SEC
-
b5 otC P Xesm. M Xcsm
LOCAL HOLD Zesm
(-22.0,0.0,0.0)
Zegy \CSM
.7°
X B 32.0°
CSM J
LANDMARK
2\
Zesm
(X.X, X.X, X,X) - VEHICLE ATTITUDE RELATIVE 5.1°—-1
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL) 6.3° —
19.7°

Figure 35, Tracking Geometry for Mode III Undocked Landmark Tracking



MISSION TIME
121-27.01
START TWENTY-FOURTH REVOLUTION

BEGIN LANDMARK TRACKING
ONCPy

-22.0, 0.0, 0.0)
LOCAL ATTITUDE HOLD

BEGIN LOCAL ATTITUDE HOLD
rOR LANDMARK TRACRING
-22.0, 0.0, 0.0}
LOCAL AWITU{E HOLD

\ BEGIN LANDMARK TRAC KING
ONCP,

1-22.0,70.0, 0.0}
LOCAL ATTITUDE HOLD

1318

SELEMNOGRAPFIC LONGITUDE DEG: e

Bl GIN LANDMARK

JHACKING OM F-t
-22.0,0.0, 00
COCAL ATTITUDE HOLD

— - o \BEGIN LANDMARK
TRACKING QN 110
-22.0, 0.0, 0 01
LOCAL ATHTUDE HOLD

BEG!S e ) REAUIT SR T
S130 0 90

MANEUVER TO MU
@ REAL IGNMENT
ATTITUDE
1752,00,00
INERTIAL ATTHIUDE HOLD

5
r4
o

SPACECRAFT ACQUISITION OF MSFN LINE Of SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

omed

(XX, X.X, X, X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
{PITCH, YAW, ROLL)

Figure 36. Twenty-fourth Revolution Major Events and Attitudes
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START LOCAL ATTITUDE HOLD
FOR LANDMARK TRACKING
b

1-22.0, 0.0, 0.0
LOCAL ATTITUDE HOLD

. -115.8

MISSIO N TIME
1232511

START TWENTY-FIFTH REVOLUTION
BEGIN | AINDMARK TRACKING
ON CPI

E3
Mo

N

AN

N\
NN

\
N

AR

AR

D

N\

N,
- AN

D
1-22.0, 0
LOCAL AT

‘ SELENOGRAPHIC LONGITUDE DEG)
2 5\

G, 0.0y
TITUDE HOLD

BEGIN LAMOMARK TRACK 1IN,

ONCP, -
1-22.0, 0.0, 0,0)

LOCAL ATTITUDE HOIE O

8.2

BEGIN MU
REALIGNMENT
-139.5, 0.0, 0.m

Figure 37,

LEGEND:

BEGIN LANDMARK
TRACKING ON 130
-22.0,00, 0.0
LOCAL ATTITUDF HOLD

MANEUVER TO MU
REALIGNMENT

ATTITUDE

i175.0, 0.0, 0

INERTIAL AT

.01
TITUDE HOLD

SPACECRAFT SUNSET

o] | J

SPACECRAFT SUNRISE

(PITCH, YAW, ROLL)

[} SPACECRAFT ACQUISITION OF MSEN LINE OF SIGHT
SPACECRAFT LOSS OF MSEN LINE OF SIGHT

(X.X, X.X, X.X) - VEHICLE ATT{TUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
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START LOCAL ATTITUDE
HOLD FOR LANDMARK TRACKING
-22.0, 0.0, 0.

LOCAL ATTITUDE HOLD

MISSION TIME
125:23:.21
START TWENTY-SIXTH REVOLUTION

BEGIN LANDMARK TRACKING
CPy

1-22.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

BEGIN LANDMARK
TRACKING ON CP,
(-22.0,0,¢, 0.0)
LOCAL ATTITUDE HOLD
'

174 .5

131.8

SELENOGRAPHIC LONGITUDE 1DEGH

OMF

LOCAL ATTH

BEGIMN MU
REALIGNME NT
-143.1, 0.0, 0.0:

LEGEND:

BEC‘}VN LANDMARK TRACKING
ON 130

©-22.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

MANELIVER TO 1MU
REALIGNMENT ATTITUDE
1750, 0.0, 0.01
INERTIAL ATTITUDE HOLD

omed

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW  ROLL)

Figure 38.

Twenty-sixth Revolution Major Events and Attitudes
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MISSION > tmE
127.20
STARY TWENTY-SEVENTH REVOLUTION

BEGIN {ANDMARK TRACKING
ON CPy

(-22.0G, 0.0, 0.0

LOCAL ATTITUDE HOLD

)

™. BEGIN LAMDMARK TRACKIMG:
S oM CPy

t-22.0,0.0, 0.0

LOCAL ATTITUDE HOLD

174.5 N

131.8 \

\ -0
SELERIDTRAPKIC L ONGITDE mew/ \

BECIT, [ 87100 A
T#ACH ENG OTa b=
—_— FEC

BEGIN LANDMARK
TRACKING ON 130
»-22.0, 0.0, 0.00
LOCAL ATT{TUDE HOLD

A
MANEUVER TO REST
ATTITUDE

e i-55.0, 0.0, 180.01
INERTIAL ATTITUDE HOLD

LEGEND: ~

[
e
=
O

SPACEKSRAFT ACQUISITION OF MSFIN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

0%, X.X, X.X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;

“IPITCH, VAW, ROLL)

Figure 39. Twenty-seventh Revolution Major Events and Attitudes
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MISSION TIME
129:19:4)

START TWENTY-EIGHTH REVOLUTION
(143.6, 0.0, 180.G)
INERTIAL ATTITUDE HOLD

140.G

. 115.6

SELERICICRAPYC

LOMIGITUDE DEC,. o e 1034 D

LEGEND

SPACECRAFT ACQUISITION OF MSEN LINE OF SIGHT
SPACECRAFT SUNSET
SPACECRAFT LOSS OF MSFN LINE OF SIGHT

omeu

SPACECRAFT SUNRISE

DX, XX, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 40. Twenty-eighth Revolution Major Events and Attitudes
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1

AN TIME
1311750

1751

START TWENTY-NINTH REVOLUTION
(142.5, 0.0, 180.0
INERTIAL ATTITUDE HOLD

PAAMELUNVER TO ATTITUDE
FOR PHOTO TA% +T15 OF
QOPPORTUNITY

-45.0, 0.0, BO.0)
LOCAL ATTITUDE HOLD

SELEMIOGRATIC LONGITUDE (DEG

1038 D

FHOTOGRARY
-4, 00, ;
TOCAL ATTITORE wAD

T8
0L

P
Bt GIN ImMU REALIGNMENT
=241, 0.0, 180.00

- <t /
2 ¢ "ﬁ T
; i | S
START 0.5 DEG ‘SEC
PITCH "ATE FOR PHOTOGRAPHY
OF 153
MANEUVER TO 1My -8.3, 0 0, 180.00
REALIGNMENT ATTITUDE Cem
1-50.0, 0.2, 130.0)

INERTIAL ATTITUDE HOLD ’ff‘f'”,“‘i‘g P[g%“g*“‘
INERTIAL ATTITUDE HOLD

LEGEND

[ sPACECRAFT ACQUISITION OF MSEN LINE OF SIGHT
SPACECRAFT SUNSET

Il 5PACECRAFT LOSS OF MSFN LINE OF SIGHT
() spacecrarT sunaIst
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(110 YaW  ROLL)

Figure 41. Twenty-ninth Revolution Major Events and Attitudes
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MISSION TIME

133:16:01

STARY THIRTIETH REVOLUTION
{-45.0, 0.0, 180.0}

LOCAL ATTITUDE HOLD

180.0

SELENOGRAPHIC LONGITUDE |DEG) —————= 103.3

S\ MANEUVER TO
LANDMARK SIGHTING
ATTITUDE
1-22.0, 0.0, 0 Ot
LOCAL ATTITUDE HOLD

BEGIN LANDMARK -
TRACKING ON 8}
(-22.0, 0.0, 0.00
LOCAL ATTITUDE HOLD

BEGIN LANDMARK
TRACKING ON 150
1-22.0, 0.0, 0.0y
LOCAL ATTITUDE HOLD

ROLL 186 DEG

FOR COMMUNICATIONS
1-22 .0, 0.0, 180.0)
INERTIAL ATTITUDE HOLD

LEGEND:

SPACECRAFT ACQUISITION OF MSEN LINE OF SIGHT
SPACECRAFT SUNSET
SPACECRAFT LOSS OF MSFN LINE OF SIGHT

omed

SPACECRAFT SUNRISE

XX, XX, X, X} - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 42. Thirtieth Revolution Major Events and Attitudes
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MISSION TimE

135141

START THIRTY -FIRST REVOLUTION
(151.4, 0.0, 180.0}

!NERTIAL ATTITUDE HOLD

~ MANEUVER 1) STRIP

IR PHOTOGRAF « ATTITHDE

S 1-102.0, 0.0, 0.0

LOCAI ATTITLIDE HOLD
v

-116.2

ROLL 180 DEG

TO TEI BURN ATTITUDE
1171, -0.2, 180.0)
INERTIAL ]mruoe HOLD

SFLENOGRAPHIC LONGITUDE 1DFG) = 103 o

”\

CAW 2L b 10 /
ITLUDE HIGHL AT 17

1320, 226 0, g
TOCAL ATHTUDE by n

BEGIN IMU REALIGNMENT
P45, .62, 0.0

MANEUVER TO TEI
ATTITUDE, ROLLED 180 DEG
(166.9,-0.2, 0.0)

W02 YAW 20 DF G, ADJUST ATTITUDE,
INERTIAL ATFITUDE HOLD CONTINUE STRIP PHOTOGRAPH ¢
£102.0, 0.0, 0.0¢
LOCAL ATHTUDE HOLD

LEGEND:

D SPACECRAFT ACQIUNSITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFY LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

one

X, XX, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 43. Thirty-first Revolution Major Events and Attitudes
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MISSION TIME

137.12.21

START THIRTY-SECOMD REVOLUTION
1-34.0, -0.2- 180.0}

INERTIAL ATTITUDE HOLD

MISSION TimE
137:20 22

TEI BURN IGNITION
1-9.6, -0.2, 180.0)

TELENOGRAPHIC LONGITUDE (DEGH

LEGEND
[} SPACECRAFT ACQUISITION OF MSEN LINE OF SIGHT

@  sracecrar sunser
Bl SPACECRAFT LOSS OF MSFN LINE OF SIGHT
(O seacecaart sunmise

XX, X X, X X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORENTATION;
{PITCH, YAW, ROLL)

Figure 44. Start of Thirty-second Revolution to TEI Burn Ignition
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—————

COMMAND /
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Figure 45, CM/SM Separation Attitude

DIRECTION OF
o MOTION
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LOCAL HORIZONTAL )
L/ 24 DEG

Figure 46. CM Entry Attitude
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