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FOREWORD

The spacecraft operational trajectory for Mission F is composed of
five volumes which summarize the lunar orbital missions for a 3-month
launch pericd, May, June, and July 1969. The contents of each volume
are briefly described below.

1. Volume I - Operaticnal Mission Profile, Launched May 17, 1969:
Detailed mission description of the first launch opportunity, first
injection opportunity, of the May launch window. MSC IN 69-FM-65,
March 26, 1969.

2. Volume II - Operational Mission Profile Trajectory Parameters,
Launched May 17, 1969: Listing of significant trajectory parameters
computed at selected time pcints during each phase of the same typical
mission described in Volume I. MSC IN 69-FM-66, March 10, 1969.

3. Volume III - Mission Summaries: May 1969 Launch Window:
Summaries of CSM trajectory parameters at selected time points for each
launch date in the May 1969 launch window. MSC IN 69-FM-6T.

L, Volume IV - Mission Summaries: June 1969 Launch Window:
Summaries of CSM trajectory parameters at selected time points for each
launch date in the June 196G window. MSC IN 69-FM-68.

5, Volume V - Mission Summaries: July 1969 Launch window:
Summaries of CSM trajectory parameters at selected time points for each
launch date in the July 1969 window. MSC IN 69-FM-69.

In addition to the five volumes of the operational trajectory
described above, two additional documents supplement the operational
trajectory:

1. Howell, E. C.; Hunt, C. R.; and Simmons, V. W.: Preliminary
Lunar Orbit Attitude Sequence for Mission F. MSC IN 69-FM-51,
February 21, 1969. This document contains the mission attitude timeline
that shows the sequence of events for the lunar orbital phase of the
mission. The event times were obtained from Volume II of the operational
j ccument and from the preiiminary flight plan for Mission F.




2. Brewer, B. A.; and Vick, M. B.,: TLI Ship Position and Coverage
Data for Apollo Mission F Lunar Launch Opportunities for May 1969.
MSC IN 69—FM—56, March 5, 1969. This document shows the injection ship
positions and the launch azimuth range coverage for each day for both
injection opportunities. The entry ship positions are not show.
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SPACECRAFT OPERATIONAL TRAJECTORY
FOR APOLLO MISSION F

VOLUME I - OPERATIONAL MISSION PROFILE LAUNCHED MAY 17, 1969

By Lunar Mission Analysis Branch, Lunar Landing Branch,
end Orbital Mission Analysis Branch

1.0 SUMMARY

This volume is the first in a series related to the Apollo Mission F
(CSM-106/1M-4) Spacecraft Operational Trajectory. This volume and
Volume II present a detailed operational mission profile for a typical
lunar orbital mission that would occur within a 3~month launch pericd:
May, June, and July 1969. Mission summaries for each of the 3 months
are presented in volumes III, IV, and V. For all three monthly launch
windows, translunar injections are from the Pacific. The operational
trajectory was designed to reflect the changes in mission ground rules
and constraints since the publication of the F mission reference tra-
Jectory. The most important changes are the following.

1. The launch date is May 17, 1969.
2. The total 36° launch azimuth range is used.

3. The TLI maneuver is biased to compensate for a CSM evasive

maneuver that follows LM extraction.a

4. The time from LOI-1 to DOI is now approximately 24.4 hours
rather than 22.L4 hours.

5. After the nominal rendezvous, an APS burn to depletion is
planned rather than a CSM rescue simulation.

0. The shorter range transearth flight times are planned.

7. The entry range is 1350 n. mi. (relative).

%The TLI bias and the evasive maneuver are not actually included in
the translunar trajectory. The change was made after the generation of
the trajectory.
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The launch date for the profile is May 17, 1969; the launch azimuth
is T72°; translunar injection occurs during the second orbit over the
Pacific. The targeted lunar site is site 1, located at a selenographic
longitude of 34.03° E and at a selenographic latitude of 2.63° N.
The duration of this specific mission is approximately 7 days 23 hours; .
lunar orbital stay time is approximately 52 hours, and transearth flight
time is 63 hours. The operational trajectory demonstrates the capability
of the launch vehicle and spacecraft to meet all of the F mission objectives, -

2.0 INTRODUCTION

This volume and volume II present the mission profile for the first
launch opportunity (72° launch azimuth) first injection opportunity on
May 17, 1969. The sequence of major events is presented in table 2-I.

A timetable of mission events is presented in table 2-II. The elapsed
times between all major mission events can be obtained from this chart,
which is similar to the mileage charts on road maps. The May launch
window summary is presented in table 2-III. The targeted lunar site is
site 1, which is located 34.03° E, 2.63° N. The lunar site selenographic
coordinates and elevation above the mean lunar sphere are listed in
table 2-IV,

A complete trajectory description is provided in volume II,
Operational Mission Profile Trajectory Parameters. The ground rules
used in the design of the operational trajectory are defined in section 3
of volume I. The spacecraft (SC) weight summary and engine performance
data are contained in tables 2-V and 2-VI, respectively. The assumed
mission-independent expendables are presented in table 2-VII. Radar
acquisition and termination data for all phases of the mission are
provided in table 2-VIII. The AOS and LOS tracking information was
computed for 0° and 5° minimum elevation angles for each mission phase.
The tracking information and the tables and bar charts are for only the
selected launch azimuth (72°) and for the first injectior opportunity.

An earth orbital insertion ship and two translunar injection ships
are used to provide the desired support (ref. 1). The ship locations
for May 17 are as follows.

1. 1Insertion Ship - 25° N, 49° w

2. 1Injection Ship 1 - 34° s, 130° E

3. Injection Ship 2 - 14° g, 145.5° E




The insertion ship provides the required coverage for earth parking
‘orbit insertion for the total 36° launch azimuth spread. The coverage
requirement is 1 minute of postinsertion coverage above a 5° minimum
elevation angle. The injection ships are placed to provide coverage for
the last 2 minutes of the preignition sequence for as much of the daily
window as possible. The mission shadow timeline is shown in table 2-IX(a)
and 2-IX(b). The most significant points reflected by the data in
table IX are that launch occurs in daylight and that earth landing occurs
approximately 1 hour and 20 minutes prior to sunrise.

3.0 SYMBOLS AND NOMENCLATURE

AGS abort guidance system

AQS acquisition of signal

APS ascent propulsion system

C cross-product steering gain constant
CDH constant delta height

CDR commander

cMC command module computer

CMP command‘module pilot

CsI concentric sequencing initiation
CSM command and service modules

c.g. center of gravity

DOI descent orbit insertion

DPS descent propulsion system

DSKY display keyboard

ET entry interface
EMS entry monitor system
EPO earth parking orbit

FTP fixed throttle point



IGA
IMU
T
Jerk
L/D
LM

M

LOI
LGS
LPO
LOX
v

MGA

MIBY
MSFC

OGA
OPS
PC
PDI
PGNCS

PTC

apogee altitude

perigee altitude

inner gimbal angle
inertial measurement unit
intervehicular transfer
time derivative of acceleration
lift-to-drag ratio

lunar landing mission
lunar module

lunar module pilot

lunar orbit insertion
loss of signal

lunar parking orbit
liquid oxygen

launch vehicle

middle gimbal angle

mean nearest Besselian year

Marshall Space Flight Center

outer gimbal angle

oxXygen purge system

plane change

powered descent initiation

primary guidance and navigation control subsystem

passive thermal control




RDG
RCS

REFSMMAT

RT
sC
SPS
T&D
TET
IG
TLI

Tt

TPF

TPT

position target for IM powered descent guidance

reaction control system

transformation matrix from the basic reference coordinate
system to the stable member (IMU) coordinate system

target vector for Lambert guidance scheme
spacecraft

service propulsion system

transposition and docking

transearth injection

time at ignition

translunar injection

At from ignition time (t_.) to Lambert target vector (RT)

IG
terminal phase finalization
terminal phase initiation

very high frequency

components of velocity to be gained in the local vertical
coordinate system

components of unit vector in vehicle stable member system



4.0 PRIMARY GUIDELINES AND CONSTRAINTE

The design of the mission and the resultant launch windows were
based on the following primary guidelines and constraints.

a. The monthly launch windows will consist of six possible launch
days across a 9-day period with launches scheduled for the first,
second, fourth, seventh, eighth, and ninth days.

b. All launch dates are selected to achieve favorable lunar
lighting conditions for the primary G mission landing sites.

¢. Two additional launch days are added to the normal G mission
window, which consists of only the first four launch days. The additional
launch days, which are targeted to site 5, accept the resultant high
sun elevations at the site.

d. Daylight launch is highly desirable.
e. A launch azimuth range of 72° to 108° will be targeted.
f. The launch window is designed for Pacific injection.

g. Two TLI opportunities are targeted: the first on the second
revolution and the second on the third revolution.

h. TLI will be targeted for a free-return circumlunar trajectory.

i. The LOI maneuver will te performed in two stages; the first
burn, LOI-1, will result in a 60- by 170-n. mi. elliptical orbit, and
the second buran, LOI-2, will circularize the orbit at 60 n. mi. two
revolutions later.

J. The lunar orbit orientation will be selected so that the
spacecraft will pass over a primary G mission site on the thirteenth
revolution after LOI-1. This orientation results in a delta time
of approximately 24 hours from LOI-1 to DOI.

k. Lunar operaticns will simulate the G missicn timeline as closely
as possible., The operation will include a G mission type of rendezvous
and an APS burn to depletion.

1. The APS burn to depletion will be targeted to escape the earth-
moon system,

m. The time from LOI-1 to TET nominally will be apprcximately
52 hours (26 revclutions), which allows for a rest pericd after rendezvous.
However, an option will exist for performance of TEI on an earlier




revolution if the full rest period is not desired or on a later revolution

-1f observation of an additlional G candidate site for the G mission would

be possible.

n. The TEI maneuver will be targeted to return as soon as possible
to 165° W longitude within the available AV capability and without
exceeding a return inclination of L0°.

o. The earth relative entry range target will be 135C n. nmi.

5.0 MISSION SUMMARY

In this section, a mission profile is summarized for a May 17, 1969,
launch date. The burn times, propellants used, and most mission phase
times that are presented in this section are typical of the lunar orbital
missions planned for the May and June launch window

The profile i1s concisely presented in table 2-I. In this section,
major events, spacecraft performance characteristics, and significant
trajectory parameters are described in detail for each phase.

In the design of the spacecraft operational mission, the LV mission
phases were simulated independently of the exact LV operational trajectory.
The trajectory data presented here for the LV mission phases were simulated
with LV data received from the MSFC for the Apollo 8 mission. This
vehicle configuration is considerably lighter than the actual Mission F
configuration. No attempt was made to duplicate exactly the LV operational
mission, and the information for the LV phases will differ from that in
the official trajectory document (ref. 2). The parameters for the LV
mission phases would be considered as typical values only.

5.1 Earth Launch®

The launch time for this mission was determined to provide an
optimized injected payload to support two injection opportunities. The
launch time, in particular, differs slightly from the offi~cial launch
time in the MSFC LV operational trajectory.

#The parameters for this phase are presented for information only.
The official source for this phase is the MSFC LV operational trajectory

(ref. 2).
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To provide a daylight launch and acceptable lighting at the target
lunar landing site, the mission was designed for a Pacific injection.
- The launch is summarized as follows.

Date, month, day, year . . . . . . . . . . . . May 17, 1969
Time, hr:min:sec, e.s.t. . . . e . . 11:33:49:4
Azimuth, deg . . . . . . . . . . . . . ... . T2
Location (Cape Kennedy, Complex 39B)
Geodetic latitude, deg:min:sec . . . . . . . 28°:37':38.31"
Longitude, deg:min:isec . . . . . « « .« .« . . 279°:22': L4k, 86"

5.2 Earth Psrking Orbit®
Insertion into EPO occurs at OOhllm2l.6S g.e.t. The insertion
conditions are as follows.

Insertion location

Geodetic latitude, deg . . . . . . . 32.7
Longitude, deg . « « . . . « . . . . =54.3
Altitude, n. mi. . . . . . . . . . . 103.3
Inclination, deg . . . . « « « « . . . 32.6

The insertion ship positioned at 25° N latitude and L49° W longitude
tracks the vehicle for approximately 3 minutes after insertion; minimum
elevation angle is 0°. A ground track of the EPO phase is given in
figure 5.2-1.

The LV maintains local horizontal attitude throughout the EPO phase
except for an inertial hold of approximately 10 seconds immediately

after EPO insertion. The total time spent in EPO is 2h20m.

5.3 Translunar Injection

The TLI burn is initiated near the western coast of Australia during
the second revolution in EPO. Note that the LV/SC weight model used to
simulate the TLI phase was the Apollo 8 configuration and that the burn

a‘I‘he parameters for this phase are approximate and are presented for
information only. The offical source for this phase is the MSFC launch
vehicle operational trajectory (ref. 2).




parameters below do not represent realistic values for the Apollo 10

»(Mission F) configuration.

TLI burn initiation

Time, hr:min:sec, g.e.t. . . . . . . . . 2:31:36.4
Geodetic latitude, deg . . . . . . . . . =27.8
Longitude, deg . . . . . v « « « . . . . 128.6

TLI cutoff

Geodetic latitude, deg . . . . . . . . . -18.3
Longitude, deg . . . . . . . . . . . . . 151.8
Burn duration, sec . . . e e e e e 307.0
S-IVB propellant used, b « « < « . . . 1k 000
Plane change, deg . . . .« . + +« . . . . 1.0

The TLI maneuvers is initiated in darkness, and the vehicle enters
sunlight approximately midway tlkrough the TLI burn. (Coverage for the
major part of the preignition sequence is provided by Carnarvon, which
also provides coverage during the eariy part of the burn. Additional
support of the burn and preignition sequence is supplied by the injection
ships (section 2.0). The tracking and lighting and mission events
surmary is shown in Tigure 5.3-1.

The TLI burn is biased for a 2 m/sec overburn to compensate for the
SPS evasive maneuver that is performed after LM extraction (section 5.5).

5.4 Free-Return Circumlunar Trajectory

Free-return touchdown assumes perfect execution of TLI and no
correction maneuvers. It is planned to occur in the Indian Ocean
southeast of Madagascar. A more desirable landing position can be
insured by application of a corrective maneuver at an acceptable time
during either the translunar or transearth coast phases of the circum-
lunar trajectory. The free-return trajectory is characterized by the
following.

Pericynthion
Time, hr:min:sec, g.e.t. e e 4 e« . . . T6:11:50.3
Altitude, n. mi. . . e e e e 59.3
Selenographic latloude, deg e e e e e e 1.97
Selenographic longitude, deg . . . . . . 178.5

Return vacuum perigee altitude,
n. mi. . . ¢ . . 00 0000 e e e e 15.2

Transit time from TLI to entry interface,
hr:iminisec . « « « v o « « « « o« « « « . 1h7:hk:12
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Earth entry

Time, hr:min:sec, g.e.t. « « +« « .« . 150:15:48.2
Altitude, n. mi. . . . . . ., .. ... 65.8
Geodetic latitude, deg . . . . . . . . <18.0
Longitude, deg . . . . . . . . . .. .. Ls.o0
Inclination, deg . . . . . . . . . . . . 33.5
Touchdown

Geodetic latitude, deg . . . . . . . . . 67.1
Longitude, deg . . . . . . . . . . . .. -27.9

5.5 Posttranslunar Injection Events

The summary of the major events from TLI cutoff ttrough S-IVB
LOX blowdown is given in table 5.5-I. To determine the separation
attitude maneuver (TB-T plus 900 sec), the sun was constrained to
between 32° and 90° of the LV +X-axis. This constraint provides over-
the-shoulder lighting and avoids any CSM shadow on the S-IVB for the
docking phase. The onboard SC event times will be referenced to TLI
ignition (column 1 of table 5.5~I), and the LV event times will be
referenced to TB-7. Therefore, the SC event times will vary with respect
to TB-T7 as the TLI burn time varies. The SC maneuver times referenced
to TB-T7 in the table assumed a 300-second TLI burn time. The purpose
of the evasive maneuver at approximately TB-7 plus 9600 seconds is to
decrease the probability of S-IVB recontact and to avoid the ice
particles expected to be expelled by the S-IVB during the LOX dump.

The current profile combines an early SPS confidence burn with
the evasive maneuver. This SPS burn will have a AV of 20 fps and will be
approximately 3 seconds in duration. To achieve a burn of this magnitude
without jeopardizing the RCS capability to reture to a free-return cir-
cumlunar mission, the TLT burnout conditions will be biased for a
2—m/sec overspesd at burn termination. The SPS evasive maneuver then
will be performed in a direction which will compensate for the TLI bias.
The attitude will be pitched down T75° with respect to the local horizontal.
This attitude will precvide for SC high gain S-band coverage with the
steerable antenna, and a rcll of approximately z60° (based on the CSM/S-IVB
separation attitude) provides for visual monitoring of the S-IVB during
the evasive maneuver burn. At approximately 2 hours after TLI, the
S-IVB is ground commanded to assume a local horizontal attitude for
the LCX blowdcwn. The local horizontal attitude components are the
following: pitch, 194%°; yaw, 0°; roll, 180°. The magnitude
of the AV that results from the LOX dump is expected to be approximately
120 fps.

The LOX dump maneuver is designed to reduce the probability ot SC
recontact with the S5-IVEB and also to prevent S-IVB impact with the
earth or mecon. Nominally, the LOX dump maneuver results in a
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sling-shot trajectory; the S5-IVB will pass behind the trailing edge of
the moon and will be accelerated by the lunar gravitational field. The

"result is a heliocentric orbit which avoids either earth or lunar impact.

5.6 Translunar Coast

A ground track of the translunar coast phase is given in
figure 5.6-1. Time histories of altitude and true anomaly for the first

10 hours of translunar coast are provided in figures 5.6-2 and 5.6-3,
respectively.

Passive thermal control attitude will be maintained throughout most

of the translunar coast phase. Four midcourse correction maneuver points
have been defined at the following times.

1. TLI plus 7 hours (MCC-1)
2. TLI plus 24 hours (MCC-2)
3. LOI minus 22 hours (MCC-3)
4, LOI minus 5 hours (MCC-k)

The third midcourse correction (MCC-3) will be the prime maneuver
to establish the desired lunar approach trajectory. The first two
maneuvers will not be performed unless the magnitude of the MCC-3
maneuver exceeds 25 fps. The MCC-1 or MCC-2 marneuver or both will
then be performed only if their values exceed the SPS minimum impulse
(=3 fps). The MCC-1 and MCC-2 residuals will not be trimmed.

To avoid use of the SPS for the MCC-4 maneuver, the MCC-3 maneuver
will be performed if the predicted magnitude of MCC-L4 is greater than
3 fps using the SPS. Residuals will be trimmed to within 0.5 fps. If
MCC-3 is less than 3 fps and if LOI-1 targeting cannot absorb the
uncorrected approach dispersions without a shift greater than L5° in the
line of apsides of the 60- by 170-n. mi. orbit, MCC-3 will be performed
with the SM RCS; however, if LOI-1 targeting can absorb the dispersions
with less than a U45° apsidal shift, MCC-3 will not be performed.

The MCC-U maneuver will not be performed if the dispersions can be
absorbed by the LOI-1 targeting with apsidal rotation less than 450,
otherwise the maneuver will be pertormed with Lhe BF3 if thc AV greater
than 3 fps or the SM RCS if the AV less than 3 fps. The residual will
be trimmed to within 1 fps if the SPS is required for the MCC-4 maneuver.

The maneuvers are GNCS controlled and use external AV guidance.
Unless gimbhal lock problems occur, the pad IMU alinement (REFSMMAT)
will be used for the MCC-1; the PTC REFSMMAT, for MCC-2 and MCC-3; and
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descent REFSMMAT, for MCC-4. The CSM remains
entire translunar coast phase [table 2-TX(a)].
vrhase is T3 hours 37 minutes. Altitude above
last 10 hours of translurar coast is provided

in suniight during
The duration of

the lunar surface for

in figure 5.6-L.

5.7 Lunar Orbit Insertion
The LOI-1 is designed to insert the CSM into approximately a
by 170-n. mi. LPO. A time history of trajectory varameters during
The burn was simulated with the

A description of the burn is as follows.,

I0I initiation

Time, hr:min:sec, g.e.t. 7€:08:17.6
Altitude, n. mi. . . . . . . 84.0
Selenograrhic latitude, deg 0.5
Selenographic longitude, deg -165.0
Burn duration, min:sec 5:52.5
Inertial burn arc, deg 23.0
Plane change, deg 0.5
AV, fps 2867
SPS propellant used, 1b 22 971
LOI burnout (start ILPO)
Time, hr:min:sec, g.e.t. 76:14:10.1
Altitude, n. mi. . . . . . . 58.9
Selenographic latitude, deg 2.6
Selenographic longitude, deg 172.0
Selenographic inclination, deg 174.3
Period of LPO, hr:min:sec 2:08:36
Altitude of pericynthion of LPO, n. mi. 58.9
Al*titude of apccynthion of LPO, n. mi. 168.9

The LOI-1 burn parameters were computed without simulation of the
The effect of these, however, is re-

flected in the burn parameters presented in the simulaticn data package
(ref. 3).
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The REFSMMAT used for the LOI-1 burn as well as for all other burns
in IPC is the landing site alinement at the nominal G mission landing
‘time relative to DOI.

The target loads for the LOI-1 burn are given in table 5.7-I.
More detailed information about the burn, including reset points,
navigation updates, and ignition gimbal angles, is given in the F Mission
Simulator Data Package (ref. 3).

5.8 Lunar Orbit Circularization

L coplanar circularization burn (LOI-2) is performed to place the
CSM in approximately a 60-n. mi. circular LPO after two revolutions in
the 60- by 170-n. mi. orbit. The target altitude of the orbit
(0 n. mi.) is measured relative to the lunar target site (table 2-IV)
and not relative to the mean lunar radius.

The Jlanding REFSMMAT (table 5.8-1I) is used, and the CSM is oriented
heads down. The burn is initiated near pericynthion of the second
revolution. More detailed information is given in reference 4. The
characteristics of the burn are the following.

Circularization burn initiation

Time, hr:min:sec, g.e.t. . . . . . . . . . . . 80:32:12.0
Altitude, n. mi. . . . .. . .« .« .« ... .. 58.9
Selenographic latitude, deg . . . . . . . . . . 2.8
Selenographic lengitude, deg . . . . . . . . . 167.1
Burn duration, S€C . . .+ 4 . 4 4+« 4 o« « « . . . 1h.5
Inertial burn arc, deg . . « « « « « +« + « . . . 0.7
AV, £DS « « v v e e e e e e e e e e e e o .. .o13T.5
SPS propellant used, 1b . . . . . . . . . . . . . 9k6.2

5.9 (SM/LM Coast From LOI-2 to Undock

t ag.e.t. of 8lhh5m or at about 1 minute 13 seconds after LCI-2,
the crew beging preparation for IVT to the LM. In the LM, general
hcusekeeping and =quipment storage is performed. Also, short checkout
will be performed on the LM VHF and OPS systems. After about
2 hours 40 minutes in the IM, the CDR and LMP perform IVT to the C3M

. h
and close the hatch. At a g.e.t. of approximately 84 40", landmark
tracking is performed on a pseudosite with a sun elevation angle of

epproximately 3°, An inertial hold is initiated at a g.e.t. of 86hOOm
for an 8-hour crew rest period.
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The rest period is ended at a g.e.t. of 9hh00m. After a l-hour
‘eat period, the CDR and IMP perform IVT to enter the LM and begin LM

checkout. At a g.e.t. of 96h50m (revolution 11), landmark tracking is
performed on the target site. The IM checkout is completed, and undocking

occurs at 98h30m during revolution 12 or approximately 4 hours 30 minutes
after wakeup. The lunar ground tracks for the total lunar orbital phase
is shown in figure 5.9-1. The CSM tracking, lighting, and events summery .
for the total lunar orbital phase is shown in figure 5.9-2.

5.10 LM Undock and CSM Separation

Undocking will occur 30 minutes prior to the RCS separation burn.
After the CSM undocks from the LM, the CSM will perform stationkeeping
at a distance of 30 feet from the IM for LM inspection. After complet’on
of the inspection, the LM will perform stationkeeping while the CMP prepares
for the RCS separation. At approximately a 180° central angle prior to
DOI, the CSM performs a 2.5 fps radially downward separation maneuver,
which places the LM and CSM in equiperiod orbits. Rendezvous will be
accomplished from the esquiperiod orbits if the DOI maneuver is not
performed.

5.11 Rendezvous Sequence

5.11.1 Seguence summary.- The basic objective of the rendezvous
sequerce on the Apollo Mission F is to simulate as nearly as possible
the LLM rendezvous profile after LM insertion following ascent from
the lunar surface. The rendezvous cequence 1s shown in table 5.11-I.
After separation of the LM and CSM, the rendezvous activities are
initiated by the CSM separation maneuver (minifootball, section 5.1C) at

98h55m1+0S g.e.t. Then the LM must perform a DOI maneuver and a phasing

maneuver to establich the proper relative conditions (IM 9.4 n. mi.

belew and 270.0 n. mi. behind the CSM) at the simulated insertion poirnt

cver the target site (34° E). After the insertion maneuver has been

completed, the LM will compute and execute the ccelliptic sequernce

that is planned for the LLM rendezvcocus. The sequence of CSI, CHD, and -
TPI will result in LM approach, braking, and dccking at approximately

106h32m00s g.e.t., which completes the T.5-hcur exercise that began
with separation. A detailed discussion of the rendezvous activities
is given in sections 5.11.2 through 5.11.9.

The orbital schematic for the nominal F mission rendezvous is
presented in figure 5.11-1. The relative motion of the descent stage
with respect to the ascent stage after the staging sequence is presented
in figure 5.11-Lk. A tracking, lighting, and mission events summary for
the rendezvous sequence is presented in figure 5.11-5. ‘
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5.11.2 DOI.- After the CSM separation maneuver av 98h55mh0°g.e.t.,
‘the IM will fine aline the platform and will aline the AGS to the PGNCS
in preparation for the DOI maneuver. The DOI maneuver is ground computed
to be executed 195° vprior to the target site, which duplicates the same
maneuver required in the LLM. The DOI maneuver is external AV maneuver
performned with the DPS in a horizontal retrograde direction so that the
resultant LM pericynthion is 50 000 feet (referenced to the landing site
radius) and is 15° up range from the landing site. The 72.8 fps maneuver

h s
is performed at 99 5hml2S g.e.t. with 10-percent thrust for 15 seconds and
Lho-percent thrust for 12.7 seconds. The target loads for the DOI maneuver
are shown in table 5.11-IT.

5.11.3 Phasing.- After the DOI maneuver, the LM will prepare for
a landing radar test to be conducted as the vehicle passes over the
target site at 34° E longitude and at an altitude of approximately
50 000 feet. Because the LM will lead the CSM (fig. 5.11-4) during
this first pass over the site, a phasing maneuver is performed approxi-
mately 10 minutes after the site is passed to place the LM in a dwell
orbit so that eventually the IM will fall behind the CSM and will trail
the CSM by approximately 270 n. mi. at the time of the second pass,
at which time the lunar landing mission relative profile can be simu-
lated. The phasing maneuver is a ground-computed maneuver with an exter-

nal AV of 193.5 fps initiated with the DPS st 101706%35° g.e.t. By use
of the two-impulse processor, the maneuver is targeted to establish the
nominal LIM phase and height offset relative to the CSM at the time of
insertion., The target loads for the phasing maneuver are shown in
table 5.11-II. The posigrade burn at a 26.1° pitch above the local
horizontal will place the IM in a 194 k- by 9.8-n. mi. orbit. The

DPS burn will be started at 10-percent thrust for 26 seconds and will
be increased to full throttle (92.5 percent) for 16 seconds.

5.11.4 1Insertion.- During the LM phasing orbit, the LM and CSM
will conduct. onboard tracking to determine the orbits. The onboard
tracking data may be used by the ground to update the required insertion
maneuver. The insertion maneuver will initiate the sequence that is
designed to simulate the in-orbit ascent rendezvous of the LM after the
lunar liftoff on the LIM. Prior to insertion, the LM will stage the DPS
€0 that the burn may be exscuted with the APS. Current plang call

tor the staging to occur at 102h53m26s g.e.t., approximately 10 minutes
prior to insertion. While in a retrograde attitude, the LM will thrust
posigrads 2 fps with the -X RCS jets, will stage, and immediately will
null this AV with 2 fps retrograde with the +X jets. The result of the
separation maneuver is to send the descent stage ahead of and above the
ascent stage so that no recontact can occur after the ascent stage
performs insertion. The relative motion of the descent stage with

. . h _m
respect to the IM can be seen in figure 5.11-2. At 103703 29s g.e.t.,
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the APS thrustsat a 152.6° pitch for 15 seconds to impart a retrograde
AV of 213 fps and to place the LM into a 43.6- by 9.8-n. mi. orbit.
Apocynthion occurs 51 minutes later. The U43.6- by 9.8-n. mi. orbit is
identical to the orbit planned after IM insertion in the LLM, and the
insertion maneuver is scheduled 5 minutes prior to entry into darkness
to duplicate the LIM lighting conditions. The insertion maneuver is
also targeted by the ground two-impulse processor which establishes the
nominal CSI offset (IM 1L4.7 n. mi. below and 148 n. mi. behind the CSM)
at the nominal time. Target loads for the insertion maneuver are shown
in table 5.11-1IV.

5.11.5 (C8I.- After insertion, the LM will realine its platform
and will begin radar tracking of the CSM to determine the orbits of the
vehicles for onboard computation of the coelliptic sequence., The CSI

maneuver will be scheduled for the apocynthion at 103h5hmhos g.e.t. and
will be calculated to cause TPI to occur at the midpoint of darkness
approximately 94 minutes later. The nominal relative condition will be
such that the CSI will place the IM in a 46.2- by 42.9-n. mi. orbit,
15.0 n. mi. below the CSM orbit at the time of CDH, one-half an orbital
period after the CSI. The CSI will be performed with the four +X RCS
Jets so that the interconnect can be opened and APS propellant can be
used. The 32.1-second burn is horizontal and adds a posigrade AV of
50.5 fps. The target loads are shown in table 5.11-V.

5.11.6 Plane change technigue.- An out-of-plane component, which
nominally is not required, will be applied in conjunction with the CSI
if an out-of-plane velocity is detected prior to the CSI. The out-of-
plane component will be targeted to null to zero the out-of-plane
velocity, which will force the existence of a common node approximately
90° later where the separate PC maneuver is scheduled. At PC, the out-
of-plane velocity is again nulled to zero and a coplanar situation is

established. If the out-of-plane situation is not determined scon enough

to begin the PC at the CSI, the nodal shift would be initiated at the
time of PC and completed in conjunction with the CDH. However, the
CSI-PC sequence is more economical than the PC-CDH sequence because the
in-plane component at the CSI is considerably larger than the in-plane
component at CDH.

5.11.7 CDH.- After the CSI, the IM will continue to track the CSM

and will compute the required CDH maneuver to be done at thhSthls g.e.t.

Normally, the CDH will be a small radial burn designed to coellipticize
the LM orbit with the orbit of the CSM. If the CSM orbit were perfectly
circular, the CDH would be zero; however, because of the simulated

61- by 58-n. mi. CSM orbit, a downward AV of 5.8 fps is required. The
two-jet +7Z thrusters were used in this simulation; however, the -X jJets
could be used so that radar lock-on at an elevation angle of approxi-
mately 9.5° above the local horizontal would not be disturbed. The
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v7.3—second burn places the IM in a 46.2- by L42.9-n. mi. orbit, 15 n. mi.
below the CSM orbit and coelliptic with it. The target loads for the
CDH maneuver are presented in table 5.11-VI.

5.11.8 TPI.- Radar tracking continues after CDH so that the LM may
compute the required burn (TPI) vhen the elevation angle to the CSM
reaches 26.6° above the IM local horizontal. Nominally, the maneuver
should occur approximately 36.5 minutes after CDH, when the IM is
23 minutes into darkness. TPI will be calculated to start the IM on an
intercepting orbit; theoretically, rendezvous would occur after 130°
of CSM central angle travel. The 25.3-fps burn is planned to be executed
with the four +X jets to use the APS propellant through the interconnect.
However, this arrangement may cause a temporary loss of radar lock, which
is not considered to be a problem. The TPI ignition is at

105h28m59s g.e.t., and the burn duration is approximately 16 seconds.
The target loads for the TPI maneuver are presented in table 5.11-VIT.

5.11.9 Rendezvous midcourse corrections and braking.- The IM will
track the CSM after TPI and will perform nominally zero midcourse cor-
rection maneuvers 15 minutes later and 30 minutes later. The braking
schedule assumed for this trajectory simulation calls for a reduction
in range rate to 15 fps at the 1-n. mi. gate, to 5 fps at 1000 feet,
and to 0.25 fps at 300 feet. The braking schedule may be changed
slightly after further simulations; line-of-sight corrections will be
made as required. Final approach and stationkeeping should occur at

approximately 106h17m00S g.e.t., approximately 25 minutes after the
vehicles enter sunlight on the backside of the moon. Docking should

begin at approximately lO6h32mOOS g.e.t. to complete 7.5 hours of
rendezvous activities.

5.12 APS Burn to Depletion

At approximately 107h15m00S g.e.t., just prior to earth LOS, the
CSM/IM establishes an inertial attitude which is suitable for LM steer-
able antenna communications during and after the APS burn to depletion.
The antenna is in a locked position. Near 90° E longitude, the unmanned
IM is jettisoned in attitude hold, and the CSM performs a radially up-
ward separation maneuver of approximately 2 fps, which will place the
CSM above and behind the LM at the time of the APS burn.

The ullage maneuver and the APS burn are initiated under PGNCS con-
trol, and after confirmation of burn initiation a command is sent to
transfer control to the AGS. The ascent stage will have been in attitude
hold since jettison. Whether either or both of the RCS interconnects
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will be open will depend on the RCS usage up to that time in the mission
and will probably be a real-time decision. The need for attitude hold
to be maintained during the burn and as long thereafter as possible
could be satisfied either with one interconnect open or with both closed.
However, if the RCS margin is low enough at the time of jettison, both
interconnects would be open to assure attitude control during the entire
burn. In this case, ascent stage tracking after the burn would not be
assured. The characteristics of the burn are as follows.

Burn initiation

Time, hr:min:sec, g.e.t. . . . . . 109:03:41.L .
At from IM Jettison, min . . . . . 30
Selenographic latitude, deg . . . . -.22
Selenographic longitude, deg . . . 0.0
Estimated propellant
available, 1b . . . . . . . 2373
Vehicle attitude, local horlzontal
Pitch, deg . . . . . . . o ... 0
Yaw, deg . + . . .« . 0 o 0 0 . 0
Roll, deg . . « « « « « « + . « . 0

Burn termination

Burn duration, min:sec . . . . . . 3:2.5
Burnout velocity, fps . . . . . . . 8960
AV attained, fps . . . e . 3616
Selenographic latitude, deg e .. -1.6
Selenographic longitude, deg e -13.8
Burn arc, deg . . .. 13.8
Selenographic longltude of the

lunar sphere exit, deg W . . . . =134

The resultant ascent stage trajectory is hyperbolic with respect
to the earth-moon system, which assures a heliocentric orbit. v

5.13 CSM Coast from APS Burn to Depletion to TEI -

Shortly after the APS burn to depletion at a g.e.t. of lthOOmOOs
an inertial attitude hold is initiated for an 8-hour crew rest period.
After the rest period, four consecutive revolutions of landmark tracking
will be performed, which will involve tracking either three or four
landmarks per sunlight pass. After these four revolutions of tracking
have been performed, one revolution of terminator-to-terminator stereo

strip photography will be perf'ormed.a

%The terminator-to-terminator stereo photography will require adding
one revolution to the lunar orbit timeline which is not included in this
document.
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5.14 Transearth Injection

The TEI maneuver occurs 51h37m00s after LOI-1. A time history of
significant parameters during the burn is provided in figure 5.14-1.
The burn was targeted for a 63-hour transearth flight time. The target
loads and REFSMMAT for the burn are presented in table 5.14-T. The
characteristics of the burn are presented below,

Initiation time, hr:min:sec, g.e.t . . . . 127:51:34.8
Selenographic latitude, deg . . . . . . . . 0.5
Selenographic longitude, deg . . . . . . . 168.0
Burn duration, sec . . . . . . . . . . . . 159.6
AV, fps « v v v o . e e e e e e e e 3250.9
SPS propellant used, lb e e e e e e e 10 koo
Plane change . .« « « + & v v v o« o o v o 1.75
Burnout
Flight-path angle, deg . . . . . . . . . 3.0
Altitude, n. mi. . . e e e e 60.4
Selenographic latltude, deg e e e e e 1.3
Selenographic longitude, deg . . . . . . 157.6
Entry velocity (inertial), fps . . . . . 36 210.5

5.15 Transearth Coast

A groundtrack of the transearth coast phase is provided in
figure 5.15-1. Altitude above the moon is shown for the first 10 hours
of coast in figure 5.15-2. Three midcourse decision points have been
defined for the transearth phase.

1. MCC-5, TEI plus 15 hours
2. MCC-6, EI minus 15 hours
3. MCC-7, EI minus 3 hours

The maneuvers will be targeted for corridor control only. The mid-
course strategy, which includes the threshold values for each maneuver,
is contained in reference 5. Altitude is plotted against time for the
last 10 hours of transearth coast in figure 5.15-3. The CSM remains in
sunlight from TEI until darkness, which occurs approximately 21 minutes
prior to EI. The last ground station coverage is by Honeysuckle
[table 2-VIII(c)], which terminates at 0° elevatlon approximately
3 minutes prior to EI.
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5.16 Entry

The entry phase of the operational trajectory was simulated with
the Apollo Reentry Simulation program with six-degrees-of-freedom.
Three-degree-of-freedom trajectories were used to determine the CM
maneuver footprint. The entry corridor is presented in figure 5.16-1.

At the nominal EI, 191718M6° after lift-off, the CM is at an alti-
tude of 399 720 feet, and the coordinates are 18.315° S geodetic latitude
and 171.29° E longitude. Inertial velocity, flight-path angle, and azi-
muth at this point are 36 210 fps, 6.49° below the locel horizontal, and
98.56°, respectively.

A plot of the CM maneuver footprint and the nominal ground trace on
a map of the entry area are presented in figure 5.16-2. The footprint
is extended to a 3500-n. mi. entry range. The nominal touchdown target
location is 1350 n. mi. down range from the entry interface position,
and the coordinates of the target are 165° W longitude and 20.25° S
geodetic latitude. A sequence of pertinent events is given in
table 5.16-I and includes the periods of communication blackout which
occur along the trajectory. The guidance phases are shown in
figure 5.16-3, which shows altitude as a function of range to the target.
Time histories of the bank angle commanded by the guidance system, by
the load factor, and by altitude are presented in figure 5.16-L. The
load factor at the c.g. reaches a first maximum of 6.35g and a second
maximum of 5.99g. Time histories of the total heating rate and the
total heat load are presented in figure 5.16-5. The maximum total heat-
ing rate is 277.8 Btu/ft2/sec, and the total heat load is 2L 355 Btu/ft?.
Time histories for inertial and relative velocity and flight-path angles
are presented in figure 5.16-6.

The CM RCS uses 11.55 pounds of propellant for the separation and
attitude hold maneuvers before the spacecraft reaches 400 000 feet. The
RCS uses 19.24 pounds of propellant to perform the guidance commands
during the remainder of the entry. A time history of the total RCS
propellant consumed from separation i1s presented in figure 5.16-7. 1In
figure 5.16-8, the altitude is plotted in relation to relative velocity,
and the boundaries for S-band and C-band communication blackout are
shown (ref. 6). Time histories for the primary DSKY displays, commanded
bank angle, inertial velocity, and altitude rate are shown in
figure 5.16-9. Time histories for the final phase DSKY displays, com-
manded bank angle, cross-range error, and down-range error are shown in
figure 5.16-10.

The drogue parachute deployment sequence begins at an altitude of
23 300 feet, 8 minutes 32 seconds after EI. The two drogue parachutes
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are deployed 2 seconds later. At an altitude of 10 500 feet, the low

-altitude baroswitch closes, and the drogue parachutes are disconnected.

The three main parachutes are deployed 1 second. after the baroswitch
closes. The CM, suspended on the main parachutes, reaches splashdown
14 minutes 20 seconds after EI. The relative velocity and relative
flight-path angle are plotted against time from drogue chute deployment
in figure 5.16-11. Load factor and altitude are plotted against time
from drogue chute deployment in figure 5.16-12.

An EMS scroll (NON-EXIT pattern) is presented in figure 5.16-13(a)
with the reference trajectory from 0.05g superimposed upon it. This
pattern has limit lines which allow the crew to monitor the entry tra-
Jectory to.prevent an exit by the spacecraft from the atmosphere
(g < 0.2), The commanded bank angle and EMS range-to-go are plotted
against the inertial velocity in figure 5.16-13(b).

The following input was used in the generation of the operatiocnal
entry trajectory.

CM RCS engine performance data . . . reference 7T
CM mass properties for entry . table 5.16-II, reference 13
Conditions at entry interface

and target point . . . . . . . . . table 5.16-ITI
Aerodynamic coefficients . . . . . . table 5.16-IV
Parachute aerodynamics . . . . . . . reference T
Aerodynamic heating data . . . . . . references 8 and 9
Entry guidance . . . . . - .« « . ., references 10 and 11

Atmospheric model . . . . . . .
Entry REFSMMAT and gimbal angles
at BT & v v v v e e e e e e e e table 5.16-v

reference 12
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TABLE 2.0-I1.- SEQUENCE OF MAJOR EVENTS

[Launch occurs at 11:33:49 e.s.t. with a 72° launch azimuth ]

a
Time,
Event hr:min:sec g.e.t. Data Summary
Earth orbit insertion 00:11:21.6 Latitude, deg N 32.7
Longitude, deg W -54.3
Inclination, deg 32.6
Translunar injection 02:31:36.4 Burn time, sec 307.0
Plane change, deg -1.03
Free return, circumlunar 76:12:46.6 Altitude, n. mi. 61.0
pericynthion Selenographic
latitude, deg 2.3
Longitude, deg 17h.1
Free-return entry 150:15:L48.2 Altitude, n. mi. 65.8
Longitude, deg 4s5.1
Latitude, deg -18.0
Flight-path angle, deg -6.8
Velocity, fps 36 1b1.5
Equatorial inelination,
deg 33.5
Vacuum perigee altitude,
n. mi. 26.9
Lunar orbit insertion 76:08:17.6 Mass at ignition, 1lb 93 132.9
Burn time, sec 352.5
Propellant used, 1b 22 971.1
Inclination of LPO, deg 5.6
LOI-2 80:32:12 Mass at ignition, 1b 70 115.9
Burn duration, sec 14,5
Propellant used, 1lb 96 .2
Undocking 99:25:LL
LM separation 98:55:43.9 Mass at ignition, 1lb 37 768.2
Burn time, sec ~-7T.1
Propellant used, 1lb -10.¢
DoI 99:54:12 Ignition longitude, deg -128.5
AV, fps 72.8
Burn duration, sec 27.7
CSM pass over target 100:59:10.0 Sun elevation at site,
site (REV 13) deg 8.7
Phasing 101:06:35 Ignition longitude, deg 0.3
AV, fps 193.5
Burn duration, sec k2.0
Insertion 103:03:29 Ignition longitude, deg 31.3
AV, fps 213.3
Burn duration, sec 15.5

&Time refers to g.e.t. of ignition for burns.




23

TABLE 2.0-I1.- SEQUENCE OF MAJOR EVENTS - Concluded

[Launch occurs at 11:33:49 e.s.t. with a 72° launch azimuth]

a
Time,
Event hriminisec g.e.t. Data summary
CcsI 103:54:40 Ignition longitude, deg -131.8
AV, fps 50.5
Burn duration, sec 32.1
CDH 104:52:41 Ignition longitude, deg 47.6
AV, fps 5.8
Burn duration, sec 7.3
TPI 105:28:59 Ignition longitude, deg -65.1
AV, fps 25.3
Burn duration, sec 16.0
TPF (impulsive) 106:11:41 Ignition longitude, deg 163.0
AV, fps 31.5
Burn duration, sec 39.8
LM jJettison 108:34:01.9 Mass at ignition, 1b 37 957.5
Burn time, sec 5.7
Propellant used, 1b 8.5
APS burn to depletion 109:03:41 Ignition longitude, deg 0.0
Burn duration, sec 207.7
Mass at ignition, 1b T 725.5
Propellant used, 1lb 2 372.9
AV, fps 3 616.2
Transearth injection 127:51:34.8 Mass at ignition 37 858.0
Burn time, sec 159.6
Plane change, sec -1.8
Propellant used, 1b 10 399.7
Entry interface 191:18:15.9 Velocity, fps 36 210.6
Flight-path angle, deg -6.549
Latitude, deg -183.2
Longitude, deg 171.3
Time from TEI, hr:min 63:24
Splashdown 191:32:35 Latitude, deg -20.25
Longitude, deg -165.0
Local time, a.m. 5:06
Time of sunrise, a.m. 6:25

aTime refers %o g.e.t. of ignition for burns.
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TABLE 2.0-IV.- LUNAR TARGET SITE POSITIONS

L
targzzaZite Latitude, | Longitude, Altituqe,a
deg deg n. mi.
no
1 2.632 34,025 -0.818
2 0.732 23,647 -1.66
3 0.37h -1.345 -0.502
4 -3.6L3 -36.698 -1.323
5 1.772 -41.939 -1.539

a
Assumed mean lunar radius of 938.5 n. mi.
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TABLE 2.0-V.~ SPACECRAFT WEIGHT

Total CEM dry, 1b . . . « ¢« . ¢ + o « &
CSM inert, 1b . . . . « . ¢« « ¢« « « o .
SM inert, 1b . . . . . .0 0 0 00
SLA ring, 1b . . ¢ . ¢« v ¢ o ¢

Total SPS propellant tanked, 1b . . . . .

SPS propellant usable, 1b , , | , .
8PS propellant unusable, 1b , . . .

Total IM loaded, 1b . . « « « + «
LM descent stage inert, 1b . . . . . .
IM DPS propellant tanked, lb. . . . . .
IM ascent stage inert, b . . . . . . .
LM APS propellant tanked, 1 . . .
SLA, 1D v & v v v e e e e e e e e e e s

Total injected Saturn payload, 1b . . .

SUMMARY

23

12
10

Lo
Lo

98

098
300
700
€3k

261
370
8L9
703
134
393
619
000

581
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TABLE 2.0-VI.- ENGINE PERFORMANCE SUMMARY

F t
Propulsion I ., Thrust per Low rg ©
system SP engine, 1b per engine,
v sec > 1b/sec

(a) Service module

SPS 31L4.6 20 500 65.16

SM RCS 277.3 102.8 0.371

(b) Lunar module

DPS 302.1 9712.5 32.1¢
(full throttle) (average)

APS 306.3 3500.0 11.43

LM RCS 273.0 100.0 0.37




TABLE 2.0-VII.- ASSUMED MISSION-INDEPENDENT EXPENDABLES®

Mission-independent SPS budget

Translunar MCC, fps + « « v « ¢ ¢« ¢ « o « & 120
Transearth MCC, fps . « + « « ¢« « + v « . . 00
Total « ¢ ¢ ¢ v v 6 s v v e e e e e e 120

SPS propellant allowances

Unbalance meter, 1b « . + « « ¢ « ¢« « &+ « & 100
Mean outage, 1b . + v ¢ ¢ ¢« ¢ « ¢« o o « o . 52
Dispersions, 1b « v« + v v v ¢« ¢ o v ¢ o . . 548
Total © 4 ¢« ¢ ¢ ¢ v o v+ e e e e e e TOO

Other expendables

Translunar coast, 1b . ¢« ¢ & ¢« « « « &« « &« 332
Lunar orbital coast, 1b . . . . . . . . . . 298
Transearth coast, 1b . . . . + + « + + . . 290
Total ¢ ¢« ¢ ¢ ¢« v 6 v v e e e e e e e e e 920

" ®These figures were used only as estimates to compute the
end of mission propeilant recerves. A detailed dispersion
and consumables analysis will be performed and will be published
later,
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TABLE 2.0-VIIi.- MISSION RADAR TIMELINE
(a) Radar station characteristics

Geodetic latitude, LATR, deg
Longitude, LONR, deg

Altitude, ALTR, ft

Range capability, SRANGE, n. mi.

Keyhole, FTINDC: O = none

1 = north-south

= east-west
= MERRITT ISLAND CR, LATR= 28,424862, LONR =
ALTR = 39.372, SRANGE = 234%0,04 FTINDC
= PATRICK AFB CPR v LATR= 28,224583, LONR =
ALTR = 49,2154 SRANGE = 234930,0y FTINDC
= CAPF KENNEDY CRB 4 LATR= 28,4R1767, LONR =
ALTR = 45,934, SRANGE = 1290,0, STINDC
= GRANND RAHAMA CR 4 LATR= 26,636352, LONR =
ALTR = 39,372, SRANGE = 23400,.0, FYINDC
= GRAND TURK CR v LATR=  21.442889, LONR =
ALTR = Q1.8A9, SRANGF = 23497,2, FTINDC
= BERMUDA C8B y LATR= 32,348103, LINR =
ALTR = 59,053, SRANGF = 23400,0, FTINDC
= ANTIGUA TSLAND CAR, LATR= 17,144031, LONR =
ALTR = 190.298, SRANGF = 23402,0, FTIANDC
= GRAND CANARY C8 , LATR= 27,763206, LONR =
ALTR = 682,203, SRAMNGFE = 2532.0y FTINDC
= ASCENSIIIN C8B v LATR= =7,972761, LONR =
ALTR = 469,183, SRANGE = 23407,0, FTINDC
= PRETORIA (8 s LATR= -25,943733, LNNR =
ALTR = 5324,976y SRANGE = 2340),2, FTINDC
= CARNARVON CR v LATR= =74,837403, LONR =
ALTR = 203,427, SRANGE = 2340740, FTINDC
= HAWAII CA s LATR= 22,120992, LINR =
ALTR = 3740.349, SRANGE = 2349°,.0, FTINDC
= PT ARGUTLLD CR ¢ LATR=  364,5929013, LNNR =
ALTR = 2119.526, SRANGE = 2343043+ FTINDC
= WHITF SANDS CH « LATO=  32,3532272, LONR =
ALTR = 4N462,192, SRANGE = 234)%.0, FTINDC
= EGLIN AFB (8 » LATR= 31,471767, LONR =
ALTR = 91.86R, SRANGF = 12042, FTINDC
= TANANARIVE TiM™ v LATR= =19,773219, LINR =
ALTR = 4329,457R, SRANGE = 2343%,2, FTINDC
= KANO NIGFRIA TiLM , LATR= 11.943722, LONR =
ALTR = 16014128, SRANRE = 152,09 FTINDC
= MERKITT ISLAND SR, LATR= 28,574272, LJINR =
ALTR = 32.A1), SRARNGF = 2257%30.0, FTINDC
= SRAND BAHAMA SA , LATR= 24,632857, LONR =
ALTR = 164475, SRANGE = 225977,7%, FTINDC
= RERMUDA SR . LATR= 32,33]1786, LONR =
ALTR = 63,901, SRANGE = 225)33".), FTINDC
= ANTIGUA TSLAND SR, LATR= 17,714917, LINR =
ALTR = 141.C83, SRANGE = 225)301.2, FTINOC
= GRAND CANARY SR, {ATR= 27.744536, LNNR =
ALTR = 56T.~1 3¢ SRANGF = 22577).Cs FTINDC
= ASCENSTUN SR s LATR= =7,355066, LIONR =
ALTR = 1843,922, SRANGF = 2253)2.7, FTINDC
= CARNARVCN SR e LATR= =26,976K647, LONR =
ALYR = 824025, SRANGE = 22530),7, FTINDC
= SUAM SR e LATR= 13,3)9244, LINR =
ALTR = 416.6R7, SRANGF = 228Y¥I2,.0, FTINDC
= HAWA[IT SH e LATP= 22,124897, LONR =
ALTR = 3773.157, SRANGF = 226)700,0, FTINDC
= GUAYMAS SA e LATR= 27,853206, LONR =
ALTR = 62.339, SRANGF = 2257320,0, FTIANDC
= CORPUS TEX SB » LATR= 27,653750, LONR =
ALTR = 32.A17, SRANGF = 225330.9, FTIANC
= MADRID NS s LATR= 40,454992, LUNR =
ALTR = 2553,93%, SRANGE = 300)90.,0, FTINDC
= CANRFRRA DS v LATR= =35,583494, LONR =
ALTR = 3756.433, SRANGF = 370)3327,0, FTINDC
= GOLDSTCNF DS » LATR= 35.341594, LNNR =
ALTR = 2976.175, SRANGE =  3INN300.0, FTINNC
= INSERTION SHIP, LATR=?25,3, LINR==49,N

ALTR=0D., SRANGE=23400,C, FTINNC=1D,

~A0.6h4404
= 0.0
~B80.599292
= 0,0
~80.576514
= 2.0
~78.267708
0.0
~71.132114
= 0,0
~64,653820
= 0.0
-61,7923958
= 3.0
-15.634814%4
= 0.0
~14,401694
= 0.0
28.358483
= 0.9
112.716078
= Ced
=159.665383
= 9.0
-121,561150
= D0
-176.363554
= 0.0
-R6H,T793114
= 0.0
474314652
= N0
Bebbbbbl
= 0.0
-3N0,693417
= 1,0
=78.23T654
= 1.0
-64.6581491
= 1.7
-£1.752849
= 1.0
~15.634814
= 1,0
-14,327578
= 1.2
113.72602%
= 1.0
le4.730414
= 1.0
-159.664999
= 1.0
-110.7238>0
= 1.0
-0T7.3713449
z 14N
~4.167994
2 2,0
148,9782436
= 2.0
-116.873233
z 2.0
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TABLE 2.0-V111.- MISSION RADAR TIMELINE - Continued

{c) CSM acquisition and termination - 0° minimum elevation

TRALKING TIMe STATIIN ACQUISITIUN UATA STATIUN TERMINATIUN CATA
ARS AIN SEC LAY HRS MIN SEC <A CEC AZ ELv X Y KANGE DAY HRS MIN SEC RA LEC AL ELV X Y RANGE
EARTH ORBIT INSERTION Oday Ohr 11 min 22 sec
6DA SB o} 1 19 ~ i 11 22 149 E] £5 7 o3 5 545 < C 12 41 15¢ 5 b4 T =3 B5"
8la CB Al 1 19 . r 11 22 145 8 85 7 o> 5 545 A G 12 &l 15¢% 5 o4 o 9 5 85¢C
SHIP 1 [} 4 11 3 L 11 22 =41 950 =37 6 -Tua  oU 553 o s 15 32 =177 29 58 ) oar 32 846
LYI SB 2 7 7 { . 16 24 14 15 =173 < =9¢ 17 848 o o023 35 =167 -20 113 r 97 -23 841
cYl C8 ¢} 7 7 S ( 16 23 14 15 ~-73 o -9¢ 17 848 2 S 23 35 ~-167 -2C 113 C 97 =23 861
KNC M 2 6 4o E 23 40 36 45 ~44 L =9l 40 839 " ¢ 3n 26 -133 -14 1L5 o9 -15 832
TAN TM bl 5 33 v 5 36 59 133 63 -ZC v =3, 10 824 s € 4«2 32 -89 3 87 ¢ 9 3 827
CRC CB n 5 50 ] ¢ 52 11 14 -28 -121 o =7 =31 334 z - 58 1 -1 =32 126 4 97 -36 834
CEZ So o} 5 51 Y L0052 11 146 =23 -121 v —J. -31 834 ~ ¢ 58 2 -1 -32 12¢6 rf 9C -3 834
SHIF 2 0 6 5T o} 0 5 12 178 1 -89 0 -90 1 835 0 1 2 10 -9 13 75 o} 90 15 834
ESK oS S -3 3 n N 5% 23 -155 1 -78 v -y -18 83¢ C 1 5 32 -14 37 42 T -9C 42 829 w
GYM Sd o] 7 “ o 1 23 13 =-4] -25 -118 v =9¢ -28 84( C 1 35 17 124 13 T1¢ T 9C 14 848 ~
CAL (8 C 4 15 C 1 2s 27 7 -5+ -1¢5 v =3, =13 836 o 1 32 35 171 -21 11¢ S 97 =24 844
GLY LS o 4 39 r 1 23 55 2 -51 -163 ¢ Yo -lid 829 " 1 33 34 16 -19 114 ‘ 9r 66 845
wHS (d G o 44 z L1 29 41 =28 -31 -12¥ € -wL -3o 843¢% - 1 3 25 132 o 65 N iy 1 847
TEx Sd G 7 3 C 1 31 4 =33 =5 =985 G =3 =5 Bub o 1 28 s 152 21 €7 797 23 850
Eul CH 2 7 3 r 1332 3s -2 -2 -S3 S L] 867 o 1 40 &1 156 12 76 4 97 14 85¢
MLA S8 z 6 >3 G 1 34 5% =29 12 =79 J =94 1l 848 7 1 4«1 53 169 18 1" c 9 2 85¢C
MLA od < 6 53 < 1 34 6 -25 1 -7% J o =9.  l¢ 848 z 1 41 53 169 18 66 9" 21 85¢C
CRY Lo 9 6 53 1} 1 35 1 =25 1. =18 vo-re 1l 848 o 1 41 54 169 18 77 o9 28 85¢C
PAT (> N o oi < i 3c 2 =¢3 il -7o [ 1c 84y 2 1 41 52 1% 19 €9 ro 9 21 85¢€




TRACKING TIME STATIUN ACQUISITION uvATA STATIUN TERMINATICKN DATA

RS MIN SEC CAY HRS MIN SEC RA DEC  AZ ELV A ¥ KANGE DAY HRS MIN SEC RA BEC AZ ELV X Y RANGE

68l C8 4 o 30 4 1 35 42 =31 19 -6 ¢ =93 21 849 0 1 42 13 174 24 62 £ 97 28 846
GBl SB 0 6 30 0 1 35 43 -31 19 =69 ¢ -9C <21 849 0 1 42 13 174 25 62 ¢ 97 28 849
BCA S8 ¢ 7 10 2 1 38 26 -9 4 -85 ( -9C 5 85¢C ° 1 45 35 173 -4 95 € 9C -5 B48
BOA CB G 7 10 n 1 38 26 -9 4 -85 0 -9 5 85¢ ¢ 1 45 35 113 -4 95 . 9L =5 848
GT1 8 ¢ 4 le 0 L 38 31 =-4C 43 =36 0 -390 54 849 c 1 42 &7 -167 47 38 T 9C 52 848
SHIP 1 0 6 42 0 1 42 29 -6 31 =56 G -9C¢ 34 849 "1 49 11 -165 5 B4 ( 9r & 84S
cYIl S8 0 5 19 n 1 52 I 51 -lC -101 ¢ -9 -1l 843 7 1 55 20 173 =57 16l coQc =71 83s
cYl cB o 5 19 g 1 5C 1 51 -1 -101 c -9u -11 843 0 1 55 2¢ 173 -57 161 9% =71 834
KNU TM 0 5 35 v 1 87 & 12 -2 =%2 ¢ =3, ¢ 833 n 2 2 37 -139 -68 162 © 90 -T2 827
PRE C8 o] 3 5 U 2 1 57 -161 63 7 C 9¢ 83 824 n 2 1 1 -99 27 6C ¢ 9¢C 32 826
TAN TM c 6 51 5 2 9 5 119 15 ~-T4 0 =-9C¢ 1o 827 (o} 2 15 56 -51 -35 127 ¢ 9c -37 829
CRO (B g 6 17 ¢ 2 25 19 1e6 =33 -127 ¢ -390 -37 834 4 2 31 35 12 -14 106 ¢ 9C -16 833
CRO S8 0o & 17 S 2 25 19 1b6 -33 =121 ¢ -9 =37 834 o 2 31 35 12 -14 106 C 9C -16 833
SHIP 2 0 3 22 2 28 15 -155 6 -83 0 -9 7 835 0 2 31 36 -84 43 -11 11 -bk Th 396

TLI IGNITION 0 day 2hr 31 min 36 sec
TLI CUTOFE 0day 2 hr 36 min 43 sec

SHIP 3 0 6 6 0 2 36 43 30 -38 126 15 71 -3k 481 0 2 k2 50 36 16 T4 0 90 16 2252
HAW CB 2 34 15 g 2 42 55 -64 -41 -135 ( -9 ~45 2268 c 5 17 3C 81 33 64 S6 32 14 23400
HAW SB 12 54 24 9z 42 55 -b4 -41 -135 T -9u0 -45 2269 0 15 37 20 96 29 -59 { -9C 31 77182
CAL Cp 2 32 1e 0 2 49 33 =~-32 -18 -112 ¢ -3 -22 3742 ¢ 5 21 49 75 31 -111 82 -7 -3 234(0
6Ly LS 16 26 18 S 2 5¢ 17 =29 -16 ~1(9 ( 99 -T71  35C6 2 13 16 36 94 28 -54 ( =90 -54 67734
GYM S8 9 32 58 o2 51 7 -30 -8 =95 0 -90 =9 4089 € 12 24 4 92 29 -S57T € -90 23 63992
WHS LB 2 28 0 2 2 52 27 =24 -8 -160 ¢ =-9C -1l9 435C o5 20 20 13 31 -86 69 -21 1 23400

TEX 5B B 29 24 8 2 54 35 -2u r=91 ¢ =94 -1 4832 o 11 23 5SS 91 29 =57 G -90 33 59545

22




TRACKING TIME STATIUN ACWUISITION DATA STATION TERMINATION DATA

AkS MIN SEC CAY HRS MIN SEC RA DEC Al ELV X Y RANGE DAY HRS MIN SEC RA DEC Al ELV 3 Y RANGE
MLA SB 7 10 58 ] 3 S 24 -6 7 -H2 0 -90 8 6033 2 160 11 21 89 29 -S57 C -9C 33 53895
MLA (8 2 13 45 3 3 c 25 -6 7 -82 ¢ -90 & 6036 0 5 14 10 69 31 =73 44 -44 12 23400
PAT CB 2 13 40 G 3 o 27 -5 7 -e2 ¢ -%u [ 6044 0 5 14 7 69 31 -73 44 -44 12 23400
G81 (B 2 11 3¢ S 2 1 35 -4 9 -8C ¢ -9Lv 10 6272 e 5 13 14 68 31 =71 42 -47 1& 23400
GBI SB 6 51 59 J 3 1 36 -4 9 -89 0 -9u 1¢ 6274 c 9 53 35 88 29 =57 ¢ =90 33 52459
GTI CB 2 4 11 G 3 S 5o 3 15 -74 v =90 1o Ti26 0 5 10 7 67 31 -66 33 =54 20 23400
BDA S8 6 2 25 [°] 3 7 53 9 11 =77 ¢ -9¢ 13 7501 2 9 10 18 87 29 -55 C -9C 35 48869
80A (B 2 1 33 0 3 7 53 g 11 -77 C -9¢ 13 75C2 0 5 9 26 67 30 -73 32 -57 15 23399
ANT (8 1 52 10 [¢] 3 13 4l 14 20 =69 v =96 21 8584 0 5 5 51 66 31 =63 23 -64 25 23396
ANT sB 4 48 29 o] 3 13 46 14 20 -69 g =93 21 8598 [ 8 2 15 83 30 =59 C -9C¢ 31 42901
SHIP 1 1 39 11 3 3 23 18 26 2C =617 0 -90 23 192293 0 5 2 29 65 29 =64 16 -73 25 23391 W
GuM SB 14 3 46 ¢ 5 T 26 83 3¢ 56 v 90U 31 2490¢C o 19 8 12 99 29 =-6C 2 -9¢ 30 9C094 =
ESK LS 4 40 54 a 7 51 35 91 35 4¢& ¢ =90 46 41915 0 16 32 28 97 31 -5¢ C -9C -50 8rC678
CRC SB 10 1 15 4 9 33 62 $5 33 53 ¢ 90 37 51337 2 19 4} 15 99 30 -56 C -9C 34 91999
MAD OS 15 48 11 T l4 52 1 1£0 28 52 3 -9u 52 74225 1 6 40 11 105 27 =53 { -9 -53 125565
CYl S 14 18 47 3 le 25 46 1.2 28 57 0 9u 33 8G269 1 & 44 33 104 28 =58 0 -9¢ 32 125762
ASC S8 11 25 1 o 17 59 5 103 3¢ &C J Ju 3G 85457 1 5 15 & 104 29 -6l ¢ =90 29 121627
dCA SB 14 41 £5l Y 13 35 20 103 28 56 G Ju 34 91668 1 1C 17 11 1176 27 =57 ¢ -9C 23 135158
ANT S8 13 L7 54 v 20 6 36 104 29 60 G 90 30 93455 1 9 24 3C 105 28 -6l C -9¢ 29 132880

w

G81 SB 14 6 49 020 49 J 174 28 58 u 9L 32 95845 1 10 55 41 1C6 27 =59 ¢ -9c¢ 1 136801




MLA

GYM

GLD

HAW

GUM

CRO

MAD

cYi

ASC

80A

ANT

GBI

MLA

TEX

GYM

HAW

GuUM

S8

S8

S8

DS

SB

S8

DS

sB

833

S8

S8

S8

S8

S8

N:)

S8

S8

S8

S8

TRACKING
AKS M
14 17
ie 11
14 12
14 57
13 38
12 54
8 50
9 59
15 22
14 1
121
i4 25
137
13 53
14 3
13 o8
14 0
14 43
13 30
12 49

TiME
SEL CAY
13 :
7 N
5 A
35 3
16 1
25 1
41 i
13 1
33 1
10 1
16 1
59 1
24 i
43 1
41 1
44 !
1 1
10 1
7 2
8 2

STATIUN ACQUISITICN LATA

EKS MIN SEC

2

22
22

23

15
16
18

2

21
21
22
23

23

53

4

5¢

I

35

43

29

17

29

57

13

13

18

28

21

24

53

57

37
56
52
37
24
18
47
47

55

17
35
42

38

17

14

31

RA DEC
1c4 28
175 28
125 28
135 238
170 2&
1.8 23
178 29
1u8 29
139 27
110 27
112 28
11 27
i1e 27
110 27
11¢ 27
111 27
111 27
111 27
111 27
112 27

&G

61

53

58

S4

59

58

61

60

59

59
57

6l

90

-390

3

- 2¥)

e

90

99

U

S

32
32
3z
55
3C
P2
53
32
S
31
28
3
29
30
31
31
31
57
29

28

113973
125702
132471
135174
148C45
151479
154384
158504
159544
l61124
161372
163837
165729
165834
173124

181248

STATIUN TERMINATIUN DATA

DAY HRS MIN SEC

1 11
1 12
1 13
1 13
1 18
1 19
1 17
1 20
2 6
2 6
2 5
2 10
2 S
2 11
2 11
2 12
2 13
2 14
2 16
2 19

13
16
10
58
13
37
29
17
52
58
34
28
38

7
22
26
21

7
23

46

5¢C
3
57

12

47

34

33
44
33

34

21
11
55
15
17
37

38

RA DEC
106 27
106 27
106 27
1c7 27
e7 27
128 27
17 29
1c8 28
116 26
11~ 27
199 27
115 26
11c 27
11¢ 26
11 26
11¢  2¢
110 26
111 26
111 26
111  2e¢

AL ELV

-58
-59
-59
-56
-6t
-62
-54
-59
-54
-6(
-62
-58
-62
-6C
-60
-6
-6
-57
-61

~63

C

L)

)

X

-9

~91

-gr

~9C
-9
-9C

-9C

-gr
-9C

=90

Y
22
31
21

~56
EN
28
-54
31
-54
33
28

32

-57
29

27

RANGE
137443
140178
142444
144371
149766
157577
152358
159029
181091
181291
178524
187994
186491
189206
189668
19167¢C
193336
194738
198873

234830

11




TRACKING TIME STATIUN ACQUISITION uATA STATIUN TERMINATION DATA

HKS MIN SEC LAY HRS MIN SEC kA DEC Al ELV X Y RANGE DAY HRS MIN SEC RA DEC Al ELV X Y RANGE
HSK LS 8 59 32 2 a3 36 7 112 28 55 ¢ =90 55 lBe4a2l 2 17 35 «4&cC 111 27 =55 ¢ -9¢C =55 20C962
CRO  So i0 3 24 2 1u 25 39 112 28 56 v 90 51 187892 2 2N 2% 3 111 27 -e6C C =97 30 206067
MAD DS 12 17 4 2 15 43 1 113 2o 55 0 -9 55 19765C 3 4 [o] 5 111 2& -8C¢ 30 -17 -58 218033
CYl So 16 51 29 2 17 g 37 113 26 6C v 9L 3u 202208 3 4 0 6 111 26 =77 37 -52 11 217700
ASC SB 9 39 53 2 18 2¢ 11 113 27 63 O 9u 27 é52282 3 4 c 8 111 27 -57T 21 -65 31 21853¢C
BDA S8 T 47 28 2 20 12 31 113 2¢6 59 v 99 31 275598 3 3 59 59 112 27 -120 79 =9 =5 216406
ANT SB T 23 49 2 2C 38 12 113 26 62 C 90 28 <Zis638C 3 4 (o} 1 112 21 -49 74 -12 10 216475
GBI SB 6 31 17 2 21 22 41 113 26 &n G 9u 30 207651 3 3 59 58 112 27 89 87 3 0 216352
MLA SB 6 32 30 2 21 21 27 113 26 &6C ¢ 9C 30 ¢n77181 3 3 59 57 112 27 1€8 84 S =2 216363
TEX SB 5 23 47 2 22 36 8 113 26 6C U 90 30 20977C 3 3 59 54 112 27 88 70 2C 1 216558
GYM SB 4 30 5¢C 2 23 29 2 113 26 60 0 S0 30 211331 3 3 59 52 112 27 84 58 32 3 216870 w
GLD CS 4 21 22 2 23 32 29 113 26 57 C -90 57 211429 3 3 59 51 112 26 92 53 1 37 217040 ©
HAw S3 1 1 36 3 2 58 11 113 2o 62 L 9u 28 217714 3 3 59 47 113 26 67 13 76 23 218976

LOI{1) IGNITION 3day 4hr 8 min 18 sec
LOI{1) CUTOFF 3day 4 hr 14 min 10 sec

HAW SB 1 24 45 3 4 34 4 113 27 69 21 68 2v 218133 3 5 58 49 114 26 73 38 5¢ 13 217216
GYM SB8 1 24 49 3 4 34 12 112 27 €1 66 24 1 ¢15231 3 5 59 ¢ 113 26 102 83 6 -1 215957
GLD CS 1 24 50 3 4 34 13 112 27 S8 6y 4 30 215383 3 5 59 2 113 26 124 15 8 12 216045
TEX SB 1 24 50 3 4 34 16 112 27 S1 T7v 12 U 216003 3 5 59 7 113 26 -10C 84 =6 ~1 215957
MLA Sd 1 26 52 3 4 34 21 112 27 -123 87 =3 -2 215926 3 5 59 13 113 26 -9 69 =21 n 216164
68l Ss 1 24 50 3 4 34 21 112 271 -48 85 -5 J 215933 3 5 59 12 113 26 -85 67 -23 2 216213

sbA SB 1 24 48 3 4 34 25 111 27 -1C4 72 -17 -4 216778 3 5 59 13 112 26 -6C 55 -35 2 216551




ANT

MAu

Lyl

ASC

HAW

GLU

GYM

TEX

MLA

Gsl

8CA

MAD

cyl

ANT

GUM

GUM

CNg

HAw

GLD

LY™M

S8
[
S8
S
S8
CsS
Sb
58
]
S8
S8
oS
SB
S8

S8

St
cs

SB

TRACKING

ARS MIN

1

1

24

24

24

24

24

24

24

24

24

13

20

24

11

11

11

11

11

TIME

SEC
50
47
45
46

44

44

43
42

43

w2
41

17

44
43
4)

L)

STATIUN ACQUISITICN uATA

LAY HRS ™10 SEC

3 4
3 <
3 4
3 4
3 [
3 6
3 E
3 &
3 o
3 6
3 [
3 [
3 6
3 £
3 7
3 )
3 3
3 5
3 [
3 &

34

34

42

42

42

42

42

42

42

42

42

2

27

29

33

3o

20

35

36

44

44

45

45

47

44

45

RA DEC
111 27
111 26
111 26
111 27
114 26
113 2o
113 27
113 26
112 26
112 26
112 26
112 26
112 26
112 27
114 2o

LOI{2) IGNITION

LOI{2) CUTOFF

51

51

52

52

4o

57

5

13

13

26

27

26

2%

Al ELV X

-61
-75
-74
-6,
74
167
~-111
-9C
-8€
-B2
-84
-57
-62
-t5

63

67

6S
-1Tc

-85

of -2¢
24 =31
3L =59
le -74
48 41
a1 E
8c -~4
74 -lo
56 -31
57 -33
46 —44
2 -bo
4 -do
4L -49
L Jy
43 obd
¢ =87
77 13
o3 <]
w8 =3¢

Y

11

-62

i4

-57

27

le

27

21

54

-c6

KRANGE

cl6182

217653

<17639

218517

2156752

215929

«15893

216078

216352

2164217

216842

c19178

219063

217111

218370

STATI N TERMINATIUN BATA

DAY HRES MIN SEC

3

3

5

5

59

59

59

41

3 day 8 hr 32 min 12 sec
3day 8 hr 32 min 26 sec

217856

219C86

215876

216144

216284

12

1c

10

1r

1

16
16
17
22
ic

20

24

27
26
27
57
3¢

29

32

46
53

55

RA

CEC
27
26
26
27
2¢
26
26
26
2¢
26
26
26
26
26

26

2¢
217
26
26

26

Az
-69
-64
-67
-63

75

-116
-85
-84
-79
-17

-6
-55
-6(
-68

66

67
44
-35
-9

-8C

ELV

66

12

68

Se

]

22

13

39

12

85

49

43

X Y
-38 14
-7 -62
-76 22
-9t 27

23 6

8 -16
-22
-33 4
-48 8
-50  1¢C
-6t 12
-9C -55
-90 39
-67 20

76 24
49 18
-73 42
-3 4

¢ -4l

-46 8

RANGE
216758
21881C
2186C9
218478
216177
216C6¢6
216142
216472
217041

217155

217664

218623
218269
218C61

218522

217020
218412
215761
216579

216827

L€



80A
TEX
GBI
MLA
ANT
CRO

GUM
HSK

HAW
MLA
GLD
68l

GYM

CRO
GUM
CNB
HAW
GLO

LYM

S8
S8
S8
S8
S8
S8
S8
oS
S8
S8
Ls
S8
S8
S8
S8
S8
PEY

S8

S3

TRACKING TIME

ARS MIN SEC

1

1

11
11
11
11
57
11
11
11
11
43
11
28
11
11
11
11
11
11
il

47

as
36
38
37

1
53
53
58
&0
57
55
14
56
57
41
40
43
41
36

53

STATION ACQUISITION DATa

CAY HRS MIN SEC

3 a8
3 8
3 8
3 g
3 8
3 1v
3 10
3 10
3 10
3 10
3 16
3 1l
3 1z
3 1¢
3 12
3 12
3 12
3 1lc
3 12
3 12

52
52
52
52
52
56
SC
1
50
50
50
5C
s5¢
50
48
48
48
49

49

20
21
22
22
24
16
18
23
31
36
37
37
39
39
44
50

53

RA

113

116
116

116

114
il4
114

114

DEC
26
26
26
26
26
27
26
27
26
26
26
26
26
26
27
26
27
26
25

26

Al ELV

-71
-80
-74
-15
-66
59
65
34
-71

-65

-76
-71
42

4C

20
46
29
32
12

3
49
18
T6

8
40

5
33
21
23
73
27
50

17

g

-o0
=57
-117

46

=50

-67

57

11

-39

-49

32

25
-5
26
iz
17
43
13

RANGE
218033
216714
217509
217374
218499
218978
216578
218067
215848
218672
216974
218837
217288
217896
217746
215851
217532
216498
218128

218573

STATION TERMINATION DATA

DAY HRS MIN SEC

3

3

10
1c
10
19

3
12
12
12
12
11
12
11
12
12
14
14
14
14
14

13

3

3

34

18

o

0o ©O o

36

56
58
60
59
32

9
11
21
30
33
33
52
35
s
26
30
36
44
40

59

RA
114
114
114
114
114
117

117

115

117
117
116
117
116

DEC
26
26
26
26
2¢
26
26
27
26
26
25
26
26
25
26
26
26
26
25

25

AZ ELV
-64 [
-75 32
-68 15
-7¢ 18
-63 ¢

s¢ fé

57 64

26 25
~76 60
-1 ©
-76 26
-s1 O
-7¢ 19
-65 7

29 33
-19 717

-9 27
-73 34
-62 4
-61 ¢

X
-83
-58
-T4

-7

-4
-62
-54

-82

Y
26
13
21
19
21
38
14
18
7
29
-61
29
19
25
48
13
-8
14
-61

29

RANGE
21879C
217381
218291
218135
218438
218187
216055
217675
216169
217913
217653
217907
218054
218701
217217
215752
217496
217153
218857

217976

8¢



CRO

GUM

HSK

HAW

MAD

CRO

GUM

HSK

Cyl

cyl

MAD

CRO

GUM

ASC

ASC

cvl

MAU

CRO

BDA

ANT

SB

S8

Cs

sB

[

SB

S8

s

SB

SH

Cs

s8

SB

S8

S8

LS

Si

Su

SB

TRACKING TIME

ARS MIN SEC

1

11

11

11

11

11

11

11

11

19

11

11

11

11

11

il

11

1l

20

7

41

60
58
59

54

38
36

39

55
56
53
48
14
42
37
40

34

56

w

STATIGN ACQUISETIUN UATA

HRS MIN SEC

14

L4

14

14

16

16

l6

16

17

18

18

13

18

18

47

47

47

47

45

45

45

37

43

43

43

44

42

42

46

11

6

3

12

17

22

32

16

RA

117

122
123

119

LecC
26
26
26
26
25
26
26

26

25
25
25
25

25

AZ

16

-45

~21

-71

62

-16

-67

-45

62

69

76

-43

57

79

o7

~-6¢

61

64

ELy

37

70

2]

24

6

317

45

12

“

13

26

24

L9

€]

25

38

48

O

X

21

~lo

-64

-65

-78

=69

9C

ol

5¢

-86

o

Y
5J
13

-19
17
61
50
ls6

-4
28
21
02
“2
21

26

“2

3u

26

KRANGE
c17Cl4a
15862
«<17618
217672
<18683
216933
216570
218265
217989
218191
217471
217542
217819
218939
217457
216809
216367
218648
218696

217619

DAY HRS
3 15
3 15
3 15
3 15
3 17
3 17
3 17
3 17
3 17
3 19
3 19
3 19
3 19
3 19
3 21
31 21
3 21
3 21
3 21
3 21

MIN

59

59

59

59

56

57

57

57

56

55

55

55

55

55

53

53

53

3

53

53

STATIUN TERMINATION

SEC
5
8
i1
12
55
23
26
29
54
25
26
53
51
27
47
43
47
6

37

RA

119

120
121

DEC
26
26
26
25
25
26
25
26
25
25
25
26
25
25
25
25
24
25
24

25

CATA
AZ ELV X
-3 39 -3

-64 56 -31

-36 18 -68

-67 5 -8C
72 17 -45

~33 31 -43

-68 3¢ -58

-56 2 -87
64 4 86
75 27 62
89 39 -1

-56 13 -74

-65 4 -BS
61 15 73
49 39 43
85 53 37

113 68 13

-62 € -9¢C
65 12 77
67 8 81

Y
51
14

-34
23
65
46
15

-56
26
13
51
35
24
28
31

3

27
28
21

23

RANGE
216879
216208
217943
218491
217936
217217
217271
218867
218736
217325
216761
218157
218681
218024
21670¢
216124
215874
217861
218130

218328

6¢




TRACKING TIME STATION ACQUISITION DATA STATIUN TERMINATION DATA

ARS MIN SEC LAY HRS MIN SEC RA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
ANT S8 L 11 49 3 2z 4C 15 122 25 69 19 70 20 217735 3 23 852 4 123 24 T2 34 56 15 216843
G8I sB 1 11 49 3 22 4n 15 122 24 67 8 81 23 218359 3 23 s2 3 123 24 73 22 67 16 217466
MLA SB 1 11 47 3 22 of 16 122 24 66 7 82 24 218432 3 23 52 3 123 24 73 21 68 16 217553
B0OA SB 1 11 48 3 22 4C 18 122 24 74 21 o8 15 217630 3 23 82 6 123 24 82 35 54 T 216796
Yl s8 1 11 51 3 22 4C 25 122 25 9C¢ 63 27 0 215793 3 23 52 16 123 24 103 78 12 -3 215438
ASC SB 1 11 52 3 22 49 26 122 25 39 47 31 32 216346 3 23 52 18 123 25 18 55 12 33 215970
MAD DS 1 11 45 3 22 40 32 122 25 131 68 15 lo 215667 3 23 52 17 123 24 171 74 16 1 215501
TEX 3B 0 36 5 3 23 15 57T 123 24 62 G 90 28 217493 3 23 52 3 123 24 66 T 83 24 218374
TEX SB 1 11 44 4 0 38 42 123 2« 71 16 73 18 217807 4 1 50 26 124 24 77 31 59 11 216948
GY™ sB 1 11 4l 4 3 38 43 123 24 66 6 84 24 218445 4 1 S50 25 124 24 73 19 TC 16 217562 g;
GLD OS 1 11 4l 4 G 38 45 123 24 63 4 -81 63 218538 4 1 SC 25 124 24 72 17 -46 66 217722
MLA SB 1 11 46 4 C 38 45 123 24 77 31 58 Ll 217014 4 1 50 32 124 24 84 46 44 4 216261
BOA SB 1 11 48 4 U 38 46 123 24 87 45 45 2 216342 4 1 50 35 124 24 97 60 30 -4 215760
ANT SB 1 11 51 4 G 38 47 123 25 72 45 43 13 216349 4 1 S50 37 124 24 7C 61 28 9 215731
GBI S8 1 11 44 4 G 38 4T 123 24 77 33 57 11 ¢16925 4 1 S50 31 124 24 83 48 42 5 216181
MAD CS 1 11 54 4 L 38 59 122 24 =147 71 16 -10 215525 4 1 50 53 123 24 -117 61 14 -25 215724
CYl sB 1 11 52 4 < 38 63 122 24 16% 87 1 -3 215354 4 1 50 51 123 24 -1CC 75 -15 -3 215426
ASC SB 1 11 5o “ G 39 2 122 25 -1 57 -1 33 215890 4 1 50 58 123 25 =28 53 -19 32 215993
GYM S8 0 18 4l 4 2 37 3 124 24 77 30 e6G 11 217017 4 2 55 44 124 24 78 33 S6 10 215873

GLD LS 0 18 40 4 2 37 4 124 24 78 26 =23 62 ¢l7204 4 2 55 44 124 24 80 3C -16 59 216068




TEX
MLA
68l

BDA
ANT
cyl

MAD

ASC

GLD
GYM

TEX

MLA
bDA
ANT

MAD

ASL
HAW

HAW

58

Sb

So

SB

58

SB

LS

SB

CsS

S8

S8

S8

S8

S8

S8

Cs

S8

S8

B

S8

TRACKING
HK> MIN
c 18
C 18
0 18
o 18
o 18
c 18
0 18
¢ 18
o 52
[ -T2
c 53
o 53
2 53
2 53
¢ 53
v 53
G 53
¢ 53
¢ Bl
1 11

TiME

SELC

37

58

60

18
29

24

37

STATIUN ACQUISITIUN DATA

LAY HRS MIN SEC

4

4

2

o

2

37
317
37
37
31
37
37

317

7
10
12
12
15
28
23

34

KA

124

124

124

124

123

DEC

24

24

24

24

24

24

24

25

AZ
81
88

86

64
-G1
-1C4

-41

ELV

@l

56

58

69

71

64

53

46

LM SEPARATION BURN IGNITION
LM SEPARATION BURN CUTOFF

2

55

55

55

55

55

55

55

55

55

55

48

51

51

51

51

51

51

51

51

51

51

43

26

124

124

124

124

24

24

24

24

24

24

24

24

B

78

83

88

91

58

-l

-8G

-45

64

[<2-]

3y

33

45

62

ol

73

75

49

ou

43

=30

=37

I

79

, —30

32

26

21

RANGE
216449
215862
215792
215497
215460
2156V 5
215958

2le22

4day 2 hr
4day 2 hr

216162
215867
215329
214729
214792
214487

214454

; 215154

214785
215473
218626

213028

4 2
4 2
4 2
4 2
4 2
4 2
4 2
4 2
55 min
55 min
4 3
4 3
4 3
4 3
4 3
4 3
4 3
4 3
4 3
4 3
4 3
4 S

STATIGN TERMINATION DATA

DAY HRS MIN SEC

55 44
55 44
55 44
S5 44
55 44
55 44
55 44
55 44
44 sec
51 sec
48 49
48 51
48 53
48 57
48 57
48 60
49 )]
49 9
49 11
49 15
48 47
47 4

RA DEC
124 24
124 24
124 24
1264 24
1264 24
123 24
123 24
123 25
125 24
125 24
125 24
125 24
125 24
125 24
125 24
1264 24
124 24
124 24
125 24
126 24

AL ELV
83 45
91 6
Y

115 713
5§ 75
-89 67
-130 45
-45 43
87 4"
83 44
88 56
95 73
99 71
155 81
1c 83

~92 40

-85 49

-53 34
&4 C
73 25

X

45

13

-3¢

-37

46
34
17

19

Y

-47

31

- 5\:

32

26

15

RANGE
215335
214798
214735
214492
214460
21479C
215159

215407

216448
216243
215793
215361
2154C5
215266
215249
216452
216060
216728
218629

217107

187




GLY

GYM
TEX
MLA
GBi
BLA
ANT
MAD
cyl
ASC
HAW
GLU
GYM
TEX
MLA
L8l
b0A
ANT
MAD

[O 4

[
S8
S8
S8
S8
S8
S8
DS
SB
SB
$B
cs

s8

S8

S8

S8

S8

CS

Sy

TRACKING

HRS MIN

1

1

11
il
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
58

11

TiME
StC LAY HRS
39 & 4
42 4 4
42 4 4
42 4 4
44 4 4
40 4 4
4“4 4 4
42 4 @
42 4 4
42 4 4
51 & 6
51 4 6
51 4 &
47 4 6
46 4 [
a4 4 c
“2 “ [
4¢ 4 6
i8 4 6
26 4 &

MiN
35
35
35
35
35
35
35
35
35
35
33

33

33
34
34
34
34
34

34

STATIUN ACQUISITION DaTA

SEC
32
33
35
39
4"
45
46
53
54
57
41
51

52

1l

13

RA
125
125

125

126
126
126

125

DEC
24
24
24
24
24
4

24

24
24
24
24
24
24
24
24
24
24

23

Al £LV
94 49
88 55
93 o7
119 &1
114 84
-139 79
-53 To
-84 31
-8l 39
-59 24
76 35
125 72
113 82
-14Z2 85
-17C 71
-93  0$
-96 >7
-73 52
-68 S
-71 s

X Y

3 al
35 1
23 -1
8 -4

o -3
-7 -8
=19 7
-1y ->9
=51 7
-6Z 28
24 il
11 15
9 -4
-3 -4
-19 -3
-¢i -1
-33 -3
-3 iv
-66 -0b
-75 19

-RANGE
216227
215829
215480
215243
«1522¢
215257
é15273
216853
216467
17191
216567
21530C
<15178
215133
215373
215339
215676
c15823
217965

2177Ca

DAY HRS MIN
4 5 47
4 S 47
4 5 47
4 5 47
4 5 47
4 S 47
4 5 47
4 5 47
4 5 47
4 5 47
4 T 45
4 T 45
4 1 45
4 T 45
4 T 45
4 T 45
4 T 45
& T 45
4 T 32
4 T 45

STATIUN TERMINATION DATA

SEC
11
14
17
21
24
25
31
34
37
39
31
42
43
46
48
51
49
54
3¢

39

RA DEC
126 23
126 24
126 24
125 24
125 24
125 24
125 24
125 23
125 23
125 24
127 23
127 23
127 23
126 23
126 23
126 23
126 23
126 23
126 23
126 23

az
1¢8
97
116

-121

-1C6
-71
-74
=75
-64

8C

-176

-124
-98
-9
-8¢
-87
-13
-59

~66

ELV
63
70
81
8l
]9
66
63
18
24
I
51
718
82
71
56
S4

42

37

X

9

2C

=26
—-4(
-65
-19

3%

12

-19

=34

-36

-4b

-52

Y

26

-3

-4

=66

14

26

~

13
-59

26

RANGE
2155C9
215348
2151178
215185
215201
215428
215518
217515
217187
217996
215813
215133
215091
215249
215646
21572¢
216187
216439
2178Cé6

218475

=Y
N




GUM
HAW
GLD
GYM
TEX
MLA
vOA
GBI
ANT
HSK
GUM
HSK
HAW
GLD
GYM
8DA
TEX
MLA
uBl

CRO

S8

sB

LS

S8

Sb

SB

S8

S8

S

LS

S8

cs

S8

LS

S8

Sb

sa

S8

S8

S8

TRACKING
HrRS MIN
1 11
1 i1
1 11
1 11
1 1
i 11
1 11
1 11
1 11
¢ 25
1 11
1 11
1 11
1 i1
1 11
0 40
1 11
1 11
1 11
rZ€

TiMe

SEC
44
59
51
51
55
53
53
49
53

44

CAY

HR >

1<

1<

11

MIN

32

32

32

32

3
3¢

31

STATIUGN ACQUISITICN wATA

SEL

5

15

25

26

23

31

33

33

36

13

31

37

43

St

53

59

-2V

RA DEC
127 23
127 23
126 23
126 23
126 23
126 23
126 23
12¢ 23
126 23
128 24
128 23
128 24
128 23
127 23
127 23
127 23
127 23
127 23
127 23
12¢ 23

AL ELY
68 &
81 62
~-134 74
-101 72
-91 &0
-85 45
-81 32
-82 43
-72 26
6C Y]
71 34
49 1le
52 4o
-87 52
-85 47
-68 b
-8 35
T4 2¢
-73 1is
64 G

A

8l

28

12

-18

—%3

-81

=55

~71

e

Y

22

4

16

la

o7

-34

21

io

26

RANGE DAY
17979 4
15444 4
215171 4
215194 4
15476 4
16075 4
15625 4
10176 4
216949 4
171227 4
215434 &
217648 4
214942 A
£15665 4
15865 4
217846 4
216399 4
217153 4
17371 4
ZLT117 4

HRS
3

9

11
11
11
11
11
11
11
11
11
11

MIN
43
44
44
44
44
44
44
44
44
43
42
42
42
42
42

17

42
42

42

STATIGN TERMINATIUN DATA

SEC
50
5
l6
18
23
24
26
22
29
57
12
21
26
32
35
14
34
34
36

12

RA

129

128

127

127

127

128

128

13¢

CEC
23
23
23
23
23
23
23
23
23
24
23
24
23
23
23
22
23
22
22

23

AL

7C

-84

-79

-T4

-77

-69

57

70

36

-84

-87

-79

=63

-74

-68

-€7

61

ELV
23
78
61

87

31
18
28
1C

5C
21
76
38

32

X

65

12

-71
-61
-9
-82

38

-64

Y
18

2

4
1>

15

21
56

13

-52

27
15
22
23

29

RANGE
217009
215054
215472
21553C
21598¢
216666
217356
216797
217790
218117
215660
217026
214987
216208
216511
217156
217135
217934
218099

217975

1374



TR ACKING TIME STATIUN ACQUISITIUN DATA STATION TERMINATION DATA

HKS MIN SEL CAY MRS MIN SEC KA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
ZRO Su 0 5 9 4 12 28 52 129 23 €5 14 73 34 217431 & 12 34 2 129 23 55 15 T2 34 217108
GuM S8 c s 1 4 12 28 55 129 23 €6 el 27 11 215289 4 12 34 2 129 23 66 62 26 11 214951
H5SE LS 0o 5 2 4 12 25 ° 129 24 25 26 -ei ¢2 21674l 4 12 36 2 129 24 24 27 -61 21 216456
HAW SB 0 4 55 4 12 25 7 128 23 -E3 6> -5 3 215181 4 12 34 2 128 23 -83 63 -26 3 214954
LY sb 0 4 53 4 12 29 9 128 23 -T5 21 -o8 la 217018 4 12 34 2 128 23 =15 20 -6 15 216822
6Lo &S o 4 53 4 12 29 5 le8 23 -81 26 -io -6l 216655 4 12 34 2 128 23 -Bl 27 -16 -6l 216452
TEX sB ¢ 4 49 4 1z 25 13 128 23 -TC 1L -T9 o 217672 4 12 34 2 128 23 -63 9 -8C 21 217478
LM JETTISON BURN IGNITION 4 day 12 hr 34 min 02 sec
LM JETTISON BURN CUTOFF 4 day 12 hr 34 min 08 sec
TEX S3 ¢ a6 31 4 12 34 o 1256 23 -65 9 -ou 21 217475 4 13 20 45 129 22 -e5 € -9 25 21723
35 88 1 s 33 w 1z 34 8 129 23 55 15 T2 34 217172 o 13 40 41 130 23 45 26 55 4G 216671
GuM S8 1 & 33 4 12 34 4 125 23 65 62 ‘o Ll 214985 4 13 40 46 130 23 48 75 11 10 214892
T I 6 4o @ 1z e A 129 24 b 27 -si  2i 210451 4 13 40 56 13C 23 8 31 =55 7 216447
HAm S8 1 e 55 @ 12 3« 5 LiF 23 =P3 53 =Zo 3 21285C 4 13 41z 129 22 -8l 49 —41 6 215638
SLo us 1= 55 4 1¢ 34 s lee 23 -0l 27 -io -ol Zlsadd 4 13 &1 3 128 22 =12 14 -40 -63 217363
oY S 16 5% w 12 24 4 1ie 21 -Ta 24 -8y 1> <lo8l8 4 13 41 3 120 22 -69 1 -83 21 217799
s L1 ac 4 le 27 21 130 23 35 33 4l s 215295 4 15 39 7 131 23 17 4~ 19 47 215878
GUM 3 L1147 o le 27 25 137 23 =1 sl u 9 218799 4 15 39 13 13¢ 22 -59 71 -16 17 214868
=S L1143 6 1a 27 33 130 27 =5 31 -»9 =o 16395 4 15 39 16 13¢ 23 =23 28 -60 -27 216489
GLS LS ¢ 22 e e 27 32 127 22 -&T 5 -17 -os 217842 4 14 58 © 129 22 -63 0 -390 -63 216864
naw S9 111 39 « 14 27 4 129 22 -7 48 -51 9 21851 4 15 39 20 130 22 -74 23 -67 14 216791

TRl 83 1 1 8 4 le 25 32 121 2% 3 42 3 a3 215765 4 17 3¢ 0 131 23 -18& 4C -2 46 215693




GUM

HAwW

HEK

MAD

MAD

CRO

ASC

cyl

ASC

MAD

GUM

CRO

80A

ANT

[ §

ASL

S8

S8

bs

Cs

s

S8

S8

CS

S8

S8

S

S3

CS

S8

S8

Sd

Sb

St

S8

oS

TRACKING
RS Milw
111
c 59
11
¢ 23
11
1 1
111
o] 43
1 4
A
1 11
112
1 11
0 34
111
111
I3 11
111
111

TIME

SEC

1%

60

41

38

59

27

23

66

56

24

53

34

35

36

41

LAY

HR S

Lo

16

16

17

los

1y

13

18

18

22

22

22

22

MIN

25

25

25

24

24

24

31

31

22

22

22

2¢

22

STATIUN ACQUISITION DATA

SEC
55
58
58
37
54
23
26
27

o

3
11
12
15
37
38
39
39
45
45

43

RA

132
132

132

134
133

133

134
134

134

LEC
22
22
23
21
21
23
22
23
22

22

21
21
22

21

AZ ELV
-68 bl
-7l le
-34 23

61 C

T2 12
=31 e
-72 34
-56 7

65 <

€8 v}

77 22

66 12

9C 34
-7C 7
-54 1§

€S 7

€S 4

88 44

55 37
113 5

-17

-03

-55
=36

=55

9¢

I

67

77

=1

- T4

i %1

35

Bb

42

41

15

Y
11
19

=31
ol
63
44
15
=55
25
2¢&
iz
24
26
2v
34
22
¢l

1

27

32

RANGE
215083
217343
216695
£1£896
«17254
215942
216032
é17152¢
217600
e1764C
216559
217164
215973
17437
216175
217349
217524
21521¢
215687

21454C

STATIUN TERMINATION DATA

DAY HRS MIN SEC

4

17

17

17

17

1

19

15

19

19

21

21

21

2C

21

23

23

23

N
Y

37
25
37
37
35
36
38

8
35
35
34
34
34
57

34

32
32
32
32

54
A
58
18

33

31
32
11
14

11

37
13
14
21
27

23

RA LCEC
131 22
131 22
131 23
132 21
133 21
132 22
132 22
132 22
134 21
134 22
134 21
134 22
134 21
132 21
133 22
135 21
136 21
135 21
135 21
135 21

AZ

=72

=67

=48

65

82

-46

-71

-62

712

o8

84

61

102

-8

-63

78

ELV
45
C
15
4
24
26
18

~

12

1
37
27

46

2¢
16
63
50

65

X
-44
-9(
-69
-81
-1é
-55

-7

77
8%
53
6C
11
-9¢
-84
69
7
27

3C

Y RANGE
13 215591
23 217371

~46 217143
65 217764
t4 216450
39 2163é5
18 216823

-62 216685
17 217137
22 217807

5 215699
26 216214
43 215298
22 216497
27 217477
11 21¢€454
15 216525
=4 214608
28 215028

16 214541

2%




TRACKING TIME STATION ACQUISITION DATA STATIUN TERMINATIUN DATA

ARS MIN SEC CAY HRS MIN SEC RA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X ¥ RANGE
681 S8 0 37 31 4 22 54 42 135 21 67 v 9C «¢3 216388 4 23 32 13 136 21 71 T 82 19 217207
MLA SB 0 30 38 4 23 1 35 135 21 [-1.] QO 99U 24 2164(6 4 23 32 13 136 21 e 6 84 20 217292
GBI sB 1 12 0 5 18 47 135 21 75 17 72 14 216618 5 1 30 48 136 20 82 32 58 7 215704
TEX SB 1 11 56 5 C 18 43 135 21 67 2 88 23 217552 5 1 30 45 137 20 75 16 T4 15 216605
BDA SB 1 11 58 5 ¢ 18 50 13% 21 83 3C ou 6 215919 5 1 30 48 136 20 92 44 46 -2 215133
MLA SB 1 11 56 5 0 18 50 135 21 75 16 T4 15 «£16798 S 1 30 47 136 20 82 3C &t 7 215870
ANY S3 1 11 58 5 c 18 52 135 21 75 30 59 13 215931 5 1 30 48 136 21 78 46 44 @ 215076
MAD LS 1 12 2 5 o 18 59 135 21 165 7L <G 5 214425 5 1 31 1 136 2C -150 68 20 -11 214379
cwl S8 1 11 58 5 S 18 67 135 21 110 73 lé -6 214363 5 1 30 58 136 21 -179 83 ¢ -7 2l4l4e
ASC SH 1 12 2 5 oo 19 2 135 21 2T 51 11 29 <la%e67 5 1 31 3 1l3s 21 -3 61 =2 29 214549
GYM S8 G 22 49 5 1 8 4 136 2¢C 61 L9 ¢3 216469 5 1 30 44 137 20 69 4 85 21 217263 i:
GLD €S N 12 54 5 1 17 51 136 2¢ €5 O =90 05 216876 5 1 30 45 1386 20 67 2 -84 67 217392
TEX S8 1 11 38 5 2 11 22 136 2¢ 79 26 64 1o 216712 5 3 29 c 137 20C 87 41 49 3 215166
GLo LS 1 11 34 5 s 1T 22 136 27 T3 11 =55 TJ Z16831 5 3 28 57 1371 2¢C 82 25 -16 ¢4 215964
GYM SB 1 11 37 S 2 171 23 136 2f T4 14 1> 15 ¢l6655 5 3 28 59 1371 20 81 29 61 8 215743
GB81 S8 1 11 40 5 2 11 24 136 2° 36 43 4l 3 ¢l5180 5 3 29 4 137 2¢ 94 58 32 -2 2145C3
MLA Su 1 11 40 5 2 171 25 136 2¢ 87 4l 49 3 215271 5 3 29 5 137 2¢C 96 5S¢ 34 -3 214580
s0A S8 1 11 40 5 2 11 29 136 2¢ 1€C 54 35 -6 ¢laT17 5 2 29 9 137 20 119 €8 2C -10 214236
ANT S8 1 11 41 5 2 17 31 136 21 78 51 3¢ o 214632 5 3 29 12 137 20 76 12 17 4 214139
CYl Sob 1 11 45 5 2 17 39 135 21 =120 17 -11 -7 214164 5 3 29 25 136 20 -1€C 62 -27 -4 214390




MAD

ASC

GLu

GYM

TEX

MLA

GBI

BDA

ANT

MAD

CYi

ASC

HAW

HAW

GLD

GYM

MLA

vbl

BLA

Cs

S8

h:)

Sd

S8

sy

S8

bs

SB

S8

SB

S8

cs

Ss

S8

S8

Sb

S8

TRACKING

ARS Min

1

11
11
11
11
11
11
11
11
11
11
11
11
46
11
11
11
11
11
11l

1t

TIMt

SEC
41
44
56
56
56

53

47
46
47
43
46
“t

&0

LAY HRS
5 2
5 2
5 4
5 4
5 4
5 4
5 4
5 “
5 4
5 4
5 4
5 4
5 4
5 6
5 6
5 €
2 €
5 6
5 €
5 c

MIN
17
17
15
15
15

15

15
15
15
16
1¢
40
14
14
14
14
14
l4

14

STATIUN ACQUISITION wATA

SEC

41

43

31

32

37

43

45

45

12

13

17

15

12

RA DEC
135 29
135 21
137 22
127 24
137  &o
137 27
137 27
137 20
137 2
136 2¢
136 20
136 21
138 2o
138 20
138 27
138 2%
138 2C
137 2.
137 27
137 2

Al ELV
-128 &2
~24 b5b
63 34
86 39
g2 b1
1S oo
1(3 ot
l4¢ 76
5T b4
-63 4l
-62 b5¢
-5% 39
€8 [¢]
T€ 2y
11r 57
1£3 o5
121 T¢
-155 8l
-13¢ 31
-115 o8

Y

-22

9

S0

KANGE
214434
214583
215456
215218
214715
214257
214196
214066
213978
215118
214673
215184
216195
216074
214360
21415¢
213925

13868
213863

214072

DAY HRS
5 3
5 3
5 5
5 5
5 5
5 5
5 5
S 5
5 5
5 5
5 5
5 5
s 5
5 7
5 7
5 7
5 7
5 7
5 7
5 7

MIN

29

29

27

27

27

27

27

27

27

27

21

27

27

25

25

25

26

26

26

26

STATIUN TERMINATIUN DATA

SEC

23

27

27

29

33

36

37

38

41

45

48

53

22

46

55

58

12

RA CEC AZ ELV
136 20 -1.8 57
136 21 -46 48
138 2€ 170 48
138 20 35 54
138 2C 174 66
138 20 139 179
138 20 144 €2
138 20 -147 75
137 20 -73 79
137 19 -87 28
137 20 -85 37
137 20 -63 25
139 20 73 9
136 19 alr 35
139 19 136 €9
136 19 134 78
139 19 -152 81
138 19 -11& 68
138 19 -103 67
138 19 -1u2 54

x

15

~32

9

-62

8¢C

54

15

=23

=35

Y

-33

27

41

~12

~62

24

17

14

RANGE
214803
214854
214725
214495
214149
21392¢
213858
213974
213932
215687
215246
215842
2167C4
215152
213951
2138C3
213777
213975
214011

214363

Ly




TRACKING TIME STATION ACQUISITION DATA STATION TERMINATION DATA

HRS MIN SEC CAY HRS MIN SEC RA DEC Al cLv X Y KANGE DAY HRS MIN SEC RA DEC Al ELV X Y RANGE
ANT SB 1 11 5¢ 5 6 14 22 137 2C -75 68 -2¢ 4 2laC76 5 7 26 18 138 2C -80 51 -38 & 214491
MAD DS 1 11 45 5 6 14 26 137 19 =-8C 19 -7 -09 216125 5 7 26 11 1358 19 =712 6 =73 -69 216795
cYl So 1 11 50 5 6 14 28 137 23 =-8C 26 -b4 9 215719 5 7T 26 18 138 19 =74 11 -78 16 216492
ASC S8 1 6 14 5 6 14 31 137 20 =-67 14 -75 23 216377 5 7 20 46 138 2¢ -1t € -9C 22 21688C

TEI IGNITION 5day 7 hr 51 min 35 sec
TE1 CUTOFF 5day 7 hr 54 min 14 sec

HAW S8 9 43 7 5 & 2 31 139 2 B4 44 b 4 ¢2151C1 5 17 45 37 138 20 -¢€9 ¢ =-9C 21 195007
Glo CS 7 16 43 5 8 2 36 138 19 161 73 1o 5 214208 5 15 19 18 138 19 -66 C —-9C -66 200452
GYM Sp 6 37 6 5 8 2 37 138 2r -177 82 G -8 214171 5 14 39 43 138 19 -68 £ -9C 22 201548
TEX 56 5 42 438 5 -] 2 39 138 20 -119 1715 -13 -7 214ls8l 5 13 45 27 137 19 -68 ¢ =-9¢ 22 203990
MLA SB 4 37 4) 5 8 2 41 138 19 =-1C1 60 -29 =5 2145C3 5 12 40 21 137 19 -68 C ~-90 22 206411 o~
GBl Sd 4 24 22 5 3 2 41 138 20 =96 59 =31 =3 214560 5 12 27 2 137 19 =-¢8 C =-9C 22 206915 i
BDA SB 3 40 46 5 8 2 42 138 19 =95 46 =44 -4 215C1l3 5 11 43 29 137 19 =67 D =90 23 208560
ANT S8 3 2 23 S 8 Z 44 138 20 =79 43 -4 8 215163 5 11 5 11 137 20 -7¢ £ =97 20 209994
cYl S8 0 1o 19 5 -] 2 44 138 19 =-7C 3 -86 20 217270 5 8 19 3 137 19 -68 C -9C 22 216772
wuUM SB 12 32 13 5 3 42 37 139 29 70 L 90 20 215726 S 21 14 5GC 138 20 -70C ¢ -9C 20 187051
HEY. €S 9 53 4l 5 9 45 38 139 2% 65 G =9C 65 213178 5 19 36 18 13B 21 -~-¢4 f =97 —64 190815
TRC Sb 10 35 7 S 11 44 5% 139 22 &7 o Jo 23 2(85°.C 5 22 20 5 138 2¢ -67 ¢ -9¢ 23 184523
MAU CS 14 16 15 5 17 43 45 1445 19 b4 C =34 o4 194843 [ 8 5 D 14C 19 -64 C ~9( -¢4 160785
CYI S8 13 22 35 5 19 1 2% 14C 19 [-2°] C 9L 22 192148 6 8 24 0 140 19 -68 £ -9r 22 159971
ASC SB 11 31 31 5 15 51 4. 140 20 ¢ L 50 20 167234 6 7 23 11 139 20 -7¢C £ -9C 20 162556

s0A SB 13 4) 42 5 2¢ 9 45 140 19 &7 L ¢ 23 18493C 6 11 50 30 147 16 =-¢£7 0 -9C¢ 23 150955




ANT

GBI

MLA

TEX

GYM

GLD

HAW

GUM

HSK

CRO

MAD

ASC

BDA

LBl

MLA

TEX

GYM

[ R]

hY:]

S8

S8

S8

S8

S8
SB
cs

S8

S8

S8

s8

SB

S8

5B

SB

S8

("

TRACKING
HKS MIN
12 4¢
13 18
13 25
13 22
13 24
13 53
13 3
12 3o
$ 51
1¢ 36
le 21
13 28
11 37
13 48
12 55
13 28
13 35
13 34
13 27
14 [

TIME

SEC

26

57

52

49

45

57

27

17

58

31

4

57

11

41

49

23

Z3

CAY

HRS
22
23

23

11
lo

19

MIN

15

21

23
33

51

55

25

16

21

43

34

41

51

45

55

STATION ACQUISITION DATA

SEC
16

25

53
48
34
16
2s
35
45
4
15
55
11

25

18

55

RA
146
| ]
14C

141

141
142
142
143

144

145
145
146
146
146
145
147

147

DEC
22
19
19
19
15

19

21
21
19

i3

19
19
15
15
19
16

19

AZ ELV
65 [V
68 C
68 G
68 <
68 [%
66 G
6% C
7C ¢
64 <
67 <
65 G
68 [¥]
7C C
67 v
ks G
68 v
68 19
3] G
64 9
67 ¢

X

9C

Y

90

90

Y
21
el
22
el
22
[-1-]
21
2L

o

20

23

20

22

é

cé

22

57

RANGE
184328
182374
182122
175416
1773C4
176979
163839
158843
156015
180722
133675
130063
127546
12-389

1195593

116552
112872
109842

L7257

DAY

-]

6

HRS
11
12
12
13
14
15
17
21
19

22

12
11
13
13
14
15

16

MIN

11

34

47

53

47

27

55

26

46

32

24

45

44

16

38

3

16

25

22

STATION TERMINATICON DATA

SEC

42

23

44

29

57

33

43

45

33

19

13

51

21

43

27

41

49

RA
14C
14C
140
141
141
141
141
142
142
142
147
146
146
149
148
149
149

157

DEC
20
19
19
19
19
19
19
2C
21
21
18
19
20
18
19
18
18
18

18

17

Al ELV

-69

=68

-€8

-€8

-68

-66

-69

=-7C

-€4

-€7

-66

-69

-7C

o

[g]

-~

D

X

-9C

-9

-9C

-5

-9¢

-9C

-9C

-9

-9

-9C

-9C

-9C

-9C

-9¢

Y

21

22

22

22

22

-€6

21

2C

-64

23

-66

21

2C

21

RANGE
152676
148991
148389
145403
142897
141057
134025
123536
128564
120141

86263

84922

88788

70569

73296

67209

66202

60982

56442

53137

6v




TRACKING TIME STATION ACQUISITIUN VATA STATIUN TERMINATION DATA

RS MIN SELC CAY HRS MIN SEC RA DEC Al ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
HAW SB 13 3 9 7 5 17 37 149 16 65 L 90 <1 97728 7 18 4T 46 157 11 =72 ¢ -9C 18 38180
GUM SB 13 49 45 7 5 24 1 151 19 7C U 0 20 B2399 7 23 13 46 =67 -75 173 ¢ 9C -83 1722
HSK LS 10 48 i8 7 10 32 9 152 21 64 C -9C 64 77852 7T 21 22 27 168 22 -62 O -9C -62 20978
RO SB 10 34 11 7 12 38 22 15 21 €7 C Yo 23 63CLl 7 23 12 33 -46 18 70 ¢ 9C 20 2018
MAD DS 1 40 35 7 20 16 48 173 13 73 G -9C Ts 28748 7 21 57 23 -168 T 81 € -97 Bl 15842
CRO C8 2 26 11 7T 20 46 22 167 23 =34 34 -39 43 23400 7 23 12 33 -46 18 70 G 9C 2¢ 2018
TAN TM 2 71 33 7 23 48 5 176 21 50 3C 53 34 23400 7 22 55 42 -113 15 T4 € 90 16 5796
PRE LB 1 42 17 7 20 56 1« 179 22 59 11 17 30 23400 7T 22 38 32 -141 20 68 € 97 22 9127
HZK LS 0 24 11 7 22 51 13 -168 24 -60 G =90 -b0  67C8 7 23 15 24 -61 S1 18 € -9C 18 1330

ENTRY INTERFACE 7day 23 hr 18 min 16 sec

wn
o




TABLE 2.0-Vi1l.~ MISSION RADAR TIMELINE - Continued

(d) CSM acquisition and termination - 5° minimum elevation

TRACKING TIME STATI IN ALGUISITIUN UATA STATION TERMINATIUN CATA
HRS MIN SEC CAY HRS MIN SEC  RA DEC AZ ELV X Y KANGE UAY HRS MIN SEC RA DEC  AZ ELV x Y RANGE
EARTH ORBIT INSERTION Oday 0 hr 11 min 22 sec

8DA S8 S ¢ 15 o L 1L 22 14 8 85 7 g3 5 545 2 T 11 36 150 7 85 s 85 5 601
80A (8 v 0 15 . 1L 22 149 3 85 1 33 5 545 7 © 11 36 157 7 85 5 85 5 601
SHIP 1 3 2 44 Go¢ 11 22 -4l 56 -27 6 ~T8 ou 553 c 2 14 5 -173 41 39 5 82 51 6rt
CYI Su S 4 55 sl 1T 32 i9 17 -74 5 -85 16 556 [ %22 31 -172 -18 112 5 85 =23 594
cvl cs 0 4 58 ¢ < 17 32 19 17 =74 35 -85 lo 599 o no22 31 -172 -18 113 5 85 -23 594
KNG TM 0 4 30 O L 24 43 4% 53 =3¢ 5 -3z 33 59¢ G 3 29 18 -127 -6 97 5 85 -7 586
TAN TM 0 2 2a 3¢ 38 34 -177 66 4 5 38 84 578 0 L 40 58 -103 23 63 5 84 26 579
CRO SB C 2 54 > 6 83 43 136 -48 -1l41 5 -82 -»ol 537 2 £ 56 33 8 -52 146 5 81 -56 587
CRO (B C 2 53 v T 53 45 139 =48 ~141 5 -4 -51 587 c T 56 33 8 -52 146 5 8l -56 587
SHIP 2 0 4 L8 0 0 56 17 -176 1 -85 5 -85 5 587 o 1 1 5 =16 12 71 5 85 19 586
HSK US ] 3 23 I 1 5 49 -141 19 -62 5 -79 -o2 584 o 1 4 12 =35 43 26 5 -84 26 582
GYM SB C 4 55 b 1 25 18 =-34 -24 -121 5 -4 -31 594 3 1 34 12 128 13 78 5 85 12 599
WHS CB c 4 25 I 1 3¢ 53 ~16 =34 =136 5 =43 —-«o 593 n 1 35 16 123 -4 S8 5 85 -8 597
TEX 3B ¢ 4 52 2 1 32 12 =36 2 =91 5 —g5 -1 597 o) 1 37 & 156 21 62 5 84 28 66C
EGL (B G e =8 o 1 34 38 =25 3 -9¢ 5 -85 U 596 n 1 39 36 156 17 74 5 85 16 601
MLA SB ¢ & 36 ‘ 1 3¢ 8 -28 19 -71 5 =35 19 6"C 6 1 40 44 168 27 62 5 84 28 601
MLA (B C 4 35 ; 1 3¢ 9 =26 19 -71 5 =5 19 637 s 1 4C 44 168 27 62 5 84 24 601
CNV (4 0 4 36 1 3¢ 1% -28 1§ =71 5 -85 19 6l n 1 40 45 168 27 62 5 84 28 601
PAT (B 2 4 32 ‘ i 3¢ 11 -28 21 -62 5 -85 21 e~ A 1 40 43 169 28 6 v5 g4 30 601
GBI i C 3 &0 c 1 3¢ 58 -3z 33 =56 5 =34 34 60 ¢ d 1 46 57 176 38 5C 5 83 42 601
6ol So C 3 69 ¢ 1 36 53 =32 33 =50 5 =34 34 6u.¢ Il 1 40 58 176 38 52 5 83 4° 6C1

15



TRACKING TIME STATEION ACQUISITICON UATA STATIUN TERMINATION DATA

1HKS MIN SEC LAY HRS MIN SEC RA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE

80A SB o 5 1 ¢ 1 39 30 -5 7 -85 5 -85 5 601 ¢ 1 4 31 168 -2 95 5 85 -5 600
8DA C8 o 5 1 o 1 39 30 -5 1 -85 5 -85 5 601 0 1 44 31 168 -2 95 5 85 -5 600
SHIP 1 0 4 19 - 3 1 43 41 =6 42 <46 5 -83 44 600 6 1 41 60 -166 17 74 5 85 16 597
cwl s8 o 1 37 6 1 51 53 73 -32 -131 5 -§g3 -4l 592 0 1 53 3¢ 117 -56 =169 5 -66 ~78 59¢
cYl 8 o 1 37 G 1 Sl 53 73 -32 -131 5 -83 -4u 592 ¢ 1 53 3C 117 =56 =169 5 -66 -18 590
KNG TM 0 2 25 0 1 58 37 83 -23 -115 5 -84 =25 584 3 2 1 2 145 -72 -175 5 -46 -83 581
TAN T™ 0 4 40 3 2 1c 11 122 8 =719 5 -85 1l 580 0 2 14 51 -55 -41 132 5 83 -42 581
CRO Sd 0 3 43 D 2 26 36 162 -48 -141 5 -82 -51 586 n 2 36 18 14 -29 120 5 84 -3 586
CRC_CB 0 3 42 2 2 26 36 162 -48 -141 5 =82 ~51 586 C 2 30 18 14 -29 120 5 84 =37 586
SHIP 2 8} 2 5 0 2 29 31 -1k2 15 -69 5 -85 L 586 0 2 31 36 -84 43 =11 11 -Lk Tk 396

TLI IGNITION Oday 2 hr 31 min 36 sec
TLI CUTOFF 0day 2 hr 36 min 43 sec W

SHIF 3 0 3 10 0 2 36 43 30 -38 126 15 71 -3L L8l 0 2 39 53 32 7 8 5 8 8 1347
HAW C8 2 33 50 S 2 43 4N =57 =47 -137 5 -83 -47 2152 9 5 17 3C 8l 33 64 S6 32 14 23400
HAW SB 12 21 8 52 43 40 =57 -40 -127 5 -u3 -47 2153 0 15 10 48 96 29 -61 5 -84 29 75158
CAL CB 2 3t 5 22 50 43 =27 -15 =11z 5 =8> -22 3711 C 5 21 45 75 31 -111 82 -7 -3 234(¢
GLD .S 3 53 S > 2 51 32 -24 -13 -11€ > 76 -7y 3688 0 12 44 41 93 29 -58 5 -8l -58 65177
GYM S8 9 2 21 J 2z 52 21 =25 =5 -98 5 -85 -8 4086 7 11 54 47 S2 29 -&" 5 -84 37 61549
whS (3 ¢ 26 33 C 2 53 47 =21 =5 =96 5 -85 -y 43693 T 5 20 20 73 31 -86 69 -21 1 2340C
YEX $B 7 58 G L2 56 13 ~-15 2 -9C 5 -85 & 4899 J 16 54 18 9C 29 -6" 5 -84 3n 56975
MLA S8 6 31 26 6 s 2 54 -1 10 -g2 5 -85 B8 6239 C 9 40 19 88 29 =-59 5 -84 13C 51075
MLA CB 2 11 1% L3 2 55 -1 12 ~B2 5 -8> ¥ 56243 0 5 14 1C 69 31 -73 44 -44 12 23400
PaT (g 2 11 12 S 3 2 58 -1 10 -82 5 -85 8 6252 N5 14 T 69 31 -T3 44 -44 12 23400

17 1 12 -7° 5 -85 11 6512 0 5 13 14 68 31 -71 42 -47 14 23400

[
vl
»~

GBI Cv 2 8 57




Gal

GTI

BDA

8CA

ANT

ANT

)

Co

S8

B

S8

SHIP 1

GUM
HSK
CRO

MAD

ASC

80A

ANT

Gl

MLA

TEX

LYM

GLL

S8

ns

So

0s

S8

S8

S8

S8

Sy

S8
S8

LS

TRACKING
kS MIN
6 18
2 o]
5 24
1 57
1 46
4 11
1 30
13 1
7 25
9 2
14 4l
13 24
16 37
13 44
12 29
13 13
13 23
13 17
13 18
i3 58

11ME

SEC
35
39
28
43
46
12
44
44
36
32
43

49

58

3

14

42

21

LAY

[}

<

15

16

18

21

21

22

23

MIN

4

Q

11

11

1e

15

31

41

3r

17

20

53

14

4

31

29

31

25

STATIUN ACQUISITIUN wATA

SEC
18
27
44
44

5

11

44

19

13

1z

16

44+

593

51

51

3+

RA

1

9

14

™
<

r

32
8é
92

96

DEC

12

17

14

14

35

33

28

29

ac

28

29

28

28

28

28

28

Al ELV
-7 bl
-73 5
-17 5
-17 5
-68 5
-08 5
-67 5

60 5

4 5

5C 5

57 5

-3 5

5¢ 5

6 5

61 5

£l 5

ol 5

61 5

51 >

59 5

X

-85

-85

~-db
-b>
-85

84

83
-8l
d4a
o4
B84
o4
b4
34

34

—-ni

Y
i
17
13
13
P24
22
23

3¢

32
31

3y

29
29

9

(%4
L

RANGE
0515
1575
163
7631
3261
327¢
11417
28578
45156
53497
76156
81697
bn612
Q3021
54552
G729
97319
171172

1.4C39

OAY H&S MIN

C

9

18

15

19

11

i2

13

22
1G

36

43

56
12

17
51

49

29
44
«9
44

29

STATICN TEKMINATIUN ©ATA

SEC
53
7
11
26
51
23
29
35
31
48
47
59
23
10
2"
36
13
42

33

RA

87

67

85

67

66

81

65

S8

97

99

1n4

1C4

104

1¢5

176

106

106

nEC
29
31
29
30
31
30
29
29
32
31
27
28
29
27
28
27
27
27
27

27

A2 ELV
67 5
-66 33
-5¢ 5
-73 32
-63 23
-60 5
-64 16
-61 5
-45 5
-53 5
-58 5
-61 5
-60 S
-61 5
-62 5
-62 5
-1 5
-2 5
-62 5
-6C 5

A Y RANGE
-84 3. 45628
=54 27 234CC
-84 31 45633
-57 15 23399
-64 25 23396
-84 37 33651
-73 25 23391
-84 239 88357
-83 -44 78102
-84 37 900SS

-81 -58 123780
-84 29 124247
-84 37 120214
f84 29 133652
-84 27 131524
-84 28 13539C
-84 28 136014
-84 28 138778
-84 28 141058

-BC -6 142884

£g



HAW
LGUM

HSK

MAD
cyl
ASC
dDA
ANT
[*1-}
MLA
TEX
GYM
GLY

HAw

S8

cs

S8

os

sB

58

S8

S8

S8

S8

Sb

S8

[

Su

S0

MAL

cyi

So

s

S8

TRALKING TIME

RS MIN
12 48
12 7

T 46
9 5
14 18
13 8
10 35
13 30
12 19
13 2
13 11
13 6
13 8
13 45
12 &
12 3
7 57
3 11
11 &5
1% 20

SEC
12
26
54
59

56

48
57

23

49

34
51
11
45

19

CAY

ro

N

~

N

HRS

1c
lo
17

16

le

17

MIN

44

23

EX

54

35

44

51

14

STATION ACQUISITION UATA

SEC
38
58
48
29
on
49

27

31
23
51
16

22

w

43

112

113

113

oec
28
28
29
29
27
27
28
27
27
27
27
27
27
27
27
27
25
2
26

26

AZ ELV
62 5
62 5
48 5
55 5
58 ]
62 5
6l 5
61 5
63 5
€2 5
62 5
62 >
tZ 5
&1 5
[ 5
64 5
57 5
5¢ 5
[ 5
€3 5

X

o4

g4

84

=-3uv

B4a

a4

B4

o4

34

84

o4

o4

-8y

Ba

Y

2b

48

35

1]

25

29

cd

8

oL

<7

26

Su

>3

29

<1

RANGE
114979
126477
131579
136015
145011
152194
154664
1539233
167121
L617606
161962
16464067
166357
1669551
i73601
lej722
185178
luse"9
1e8282

2628

STATION TERMINATION CATA

DAY HRS MIN SEC

1

1

15

19

lé6

1C

1c
%)
12
12
13

15

4“8
14
48
50
20
32
11

1
14
41
56

1
55
38
58

23

49

24

43

28

5¢

44

29

8

28

48

23

40

RA DEC
127 27
108 27
1c7 29
ns 28
11 26
11 27
109 27
110 26
11c 27
11 27
11¢ 27
11¢ 26
117 26
111 2¢
111 2¢
111 27
111 28
111 27
111 26
111 26

AZ ELV
-62 5
-63 5
-45 5
-5 5
-5 5
-62 5
-61 5
-62 5
-64 5
-63 5
-2 5
-63 5
-63 5
-61 S
-63 5
-1} 5
-s1 5
-57 5
-80 3¢
-77 37

-84
-84
-82
-84
-8¢
-84
-84
-84
-84
-84
-84
-84
-84
-8c
-84
—a4

-82

-17

-52

Y
27
27

-49
34
-5¢
27
29
28
26
27
27
27
27
-61
26
26
-51
33
-58

11

RANGE
148489
15640C
150824
157743
179757
180142
177460
186831
185352
188107
188554 ¢n
"
190573
192245
193568
197822
203883
199752
204955
218039

21770¢C




ASC

oUA

ANT

6Bl

MLA

TEX

HAwW

GYM

GLD

TEX

MLA

GBl

BUA

ANT

MAU

ASL

S8

S8

S8

Sd

S8

58

us

S8

S8

S8

CS

Si

Sk

S8

N

S8

us

S8

S

TRACKING
ARS MIN
9 16
7 20
6 57
6 12
6 3
4 57
4 4
3 58
9 37
1 24
1 24
1 24
1 24
1 24
|
1 24
1 24
1 24
1 24
7 4l

TIME

SEC

41

18

22

55

51

44

STATIUN ACQUISITIUN UATA

CAY HRS MIN SEC KA DEC

2

18

2<

21

21

43 19 113 27

36 55 113 26

2 2 113 26

47 47 113 26

53 34 113 2¢

1 6% 113 26

54 57 113 26

1 113 26
22 3 113 2o
LOI(1) IGNITION

LOI{1) CUTOFF

34 4 113 27
3¢ 12 112 27
34 13 112 27
34 le 112 27
3+ 21 112 27
34 21 112 27
34 25 111 27
34 27 111 27
34 23 111 26
34 33 111 26

34 36 111 27

Al
62
62
64
63
63
63
c3
ol

&4

69
87
98
91
-123
-68
-1C4
-61
=75
~T4

-6C

ELV

5

21

b6

78

o7

85

67

24

3v

14

o4

v4

d4

84

84

b4

54

19

o

oo

4

-59

-4

STATIUN TERMINATION

Y RANGE UAY HRS MIN SEC
28 272679 3 4 o] 8
28 7102 3 3 59 59
¢t <. 6738 3 4 G 1
¢T1 ¢ <8061 3 3 59 58
27 27 824° 3 3 5¢ 57
27T 217233 3 3 59 54
21 211798 3 3 59 52
bi <11971 3 3 59 51
26 213214 3 3 59 47

3day 4hr 8 min 18 sec
3day 4 hr 14 min 10 sec
v ¢18133 3 5 58 49

1 216231 3 5 59 2
30 216383 3 5 59 2

v ZleC03 3 5 59 7
-2 215926 3 5 59 13

U ¢15933 3 5 59 12
-4 216078 3 5 59 13
11 <16182 3 5 59 16

-2 ¢17953 3 5 59 16
la 217635 3 5 %9 17
24 ¢18517 3 S 16 34

RA

111

112

DEC AZ
21 =57
27 -12C
271 -49
27 89
27 1.8
27 88
27 84
26 g2
2¢ 67
26 73
26 102
26 124
26 -1C2
26 =97
26 -85
26 =G
27 =69
26 -¢t4
26 =67
27 =62

CATA

ELV ¥
2l -65
79 -9
74 -12
87 3
84 s
1 2C
58 32
53 1
13 76
38 57
83 &6
15 8
84 -¢
69 -21
67 -23
55 -3%
57 =38

9 -7
13 -7¢
5 -84

Y

31

10

37

23

14

-62

22

28

RANGE
21853C
216406
216475
216352
216363
216558
216870
217040

21897¢

217216
215957
216045
215957
216164
216213
216551
216758
218810
218619

217527

g



TRACKING TIME STATIUN ACQUISITION DATA STATIUN TERMINATION DATA

AkS MIN SEC CAY HRS MIN SEC RA OEC Al ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X ¥ RANGE
HAW S8 1 24 w4 3 & 42 26 114 26 74 48 41 lu 216752 3 8 7 1C 115 26 15 66 23 6 216177
GLu CS 1 24 45 3 6 42 35 113 26 167 3l 9 ¢ 215929 3 8 7 20 114 26 -116 72 4 -16 216066
GYM SB 1 24 46 3 6 42 36 113 27 -111 86 -4 -1 215893 3 8 7 22 114 26 -8S 68 -22 C 216142
TEX SB 1 24 44 3 6 42 41 113 26 =-9C 74 -lo 0 ¢l60C8 3 8 7 24 1ll4 26 -84 56 =33 4 216472
MLA SB 1 24 43 3 6 42 44 112 26 -86 5% =31 2 216352 3 8 T 27 113 26 -T9 42 -48 8 217041
GBI S8 1 24 42 3 6 42 46- 112 26 -82 57 -33 4 210427 3 8 7 26 113 26 -771 139 -5¢ 10 217155
d0A SB 1 24 43 3 6 42 45 112 26 -B4 46 -4+ 4 216842 3 8 T 27 113 26 =76 29 -6C 12 217664
ANT SB 1 24 4l 3 6 42 438 112 21 -6S5 4G =49 16 217111 3 8 T 29 113 26 =68 22 -67 23 21806l
LUM S8 ¢ 39 8 3 27 54 115 26 64 5 84 26 217509 3 8 7 2 115 26 o6 13 T6 24 218522

LOI{2) IGNITION 3day 8 hr 32 min 12 sec
LOI(2) CUTOFF 3day 8 hr 32 min 26 sec a

GUM 5B 1 il a4 3 5 51 44 115 26 67 23 65 <1 ¢17856 3 1c¢ 3 32 116 26 67 39 4S5 18 217C2¢C
HAW SB 1 11 49 3 3 52 5 114 26 €S 17 13 5 215876 3 1¢ 3 46 115 26 -35 85 -3 4 215761
wlo CS 1 11 4o 3 ¢ 52 13 1lie 26 -102 o3 o =26 21lbl44 3 1 3 53 115 26 -9C 49 T ~41 216579
GYH Sy 1 11 27 3 3 52 14 1ll4 2¢ -85 28 -3¢ 3 clc234 3 01f 3 55 114 26 -—87 43 =40 A 216827
sDA So 1 11 35 3 i 5 2 113 26 =71 2,5 -0 lb 213.23 3 1" 3 56 114 2¢& <-64 6 —83 26 21879C
TEX 5S¢ 1 11 36 3 s 52 21 113 26 <-&7 45 -4« 7 {loTl4 3 1n 3 58 114 26 -75 32 -5¢ 13 217381
GBI S3 I il 33 3 4 52 2¢ 113 26 =74 29 -ow i4 211579 3 10 3 6C 114 26 =-68 15 -7+ 21 218291
MiLA SH 1 11 37 3 8 52 22 113 26 =75 32 =51 12 ¢i737«4 3 1" 3 59 114 26 =-7¢ ls -71 19 218135
ANT S0 C 31 &S 3 252 2« 113 26 -66 12 -T7 24 21B459 E 9 24 13 114 26 -64 5 -84 26 217587
#z¥ LS o 51 ct4 3 s 11 46 115 27 £2 5 =8¢ 51 217912 3 0r 3 «C 1lle 27 44 12 =73 42 218412

wUM Sz 1 11 53 3 17 57 13 1ll» 26 €S 49 33 1o 216578 3 12 2 11 117 2¢6 57 64 22 14 216055




HSK

HAw

MLA

GLD

CRO

CRO

GUM

HSK

HAw

GLD

GYM

CRO

LUM

HSK

HAW

MAD

CRO

Ls
S8
SB
[P

S8

Sd
S8
S8
DS
S8
es
SB
Sb
58
Cs
St

LS

TRACKING

ARS MIN

1

11
11
L6
11

1
11
1l

1
11

i1
11

11

11
11
11
11
11

11

TiMe

SeC

58

6J

lo

55

38

56

57

42

41

4

STATIUN ACQUISITIUN DaTA

CAY HRS MIN SELU

3

3

e

16

11
12
12

12

12

L4

14

la

l4

16

lc

48

48

48

49

49

4G

47

47

47

47

45

23

31

36

37

37

39

27

44

53

RA DEC
1le 27
115 26
114 26
114 26
114 2¢
Lle ¢é6
114 26
116 27
117 27
116 26
116 27
1le 2o
115 25
115 2¢
117 26
117 2¢
117 2o
l1ie 26
119 25
11 26

Al ELV
34 18
-71 7o
-65 8
-k4  4C
-64 S
-76 33
-71 21
58 5
42 23
4C 73
8 27
~76 oSu
-7C 47
-66 3
16 37
=45 T¢
-21 25
=71 24
62 6
-le 37

X

-68

-i4

-81

-7

-54

=56

-7

B4

57

11

-03

-39

-49

-8

Y

T4

5

Z5

-3y

26

12

i7

32

“3

13

7

Y

~o4

24

b

13

=19

17

ol

1]

RANGE

218067

215848

c18672

215974
213837
217288
£17896
«13332
217746
15851
217532
215498
213128
218573
217014
215862
clislg
217672
18653

210933

STATION TERMINATION UGATA

DAY HKS MIN SEC

3

3

12
12
11
12
1"
12
12
12
14
14
14
14
13
13
15
15
15
15
17

17

2

S4

5%

59

59

59

56

57

21
30
52
33
16
35
36

s
26
3c
36
44
16

18

11
12
55

23

RA
117
116

114

114

CEC

27

26

26

25

26

26

25

26

26

26

26

26

25

25

26

26

26

25

25

26

Al

2

-76

-63

-7¢

- 64

=7¢

-65

50

29

-19

-9

=73

-63

-64

-3

=64

=36

-67

72

-33

ELV
25
[-18

5
26
5
19
7
16
33
17
T

34

39
56
18

9

17

X

-64

-29

-84

-27

-84

-7

-82

7c

37

-4

-62

-54

-79

-84

-3

-31

~68

-RT

-45

A
18
7
26

-61

14
-62
26
51
14
-34
23
65

46

RANGE
217675
216169
218C23
217653
218771
218CS54
2187C1
218187
217217
215752
217496
217153
218460
217805
21¢€879
216278
217943
218491
21793¢

217217

LS



TRACKING TIME STATIuUN ACQUISITIUN wATA STATIUN TERMINATION CATA

ARS MIN SEC CAY HRS MIN SEC kA DEC AZ ELV X Y KANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
GUM S8 1 11 3¢ 3 16 45 57 118 26 -67 45 -42 16 2165707 3 17 57T 26 119 25 -68 30 -58 19 217271
HSK OS ¢ 51 30 3 16 45 51 118 26 =-45 12 -73 -44 218265 3 17 37 21 118 26 -53 5 -82 ~53 217691
LYl sy 1 11 56 3 18 43 29 120 25 69 13 7o 21 218191 3 19 55 25 121 25 75 217 62 13 217325
MAD CS 1 11 5e 3 14 43 33 12~ 25 19 26 =22 02 217471 3 19 55 26 121 25 89 39 -1 51 216761
CRO  Suv 1 11 53 3 13 42 6. 119 26 -43 24 -57 42 «£175642 3 19 55 53 120 26 -54 13 -74 35 218157
GUM sB 1 7 41 3 14 44 3 118 25 -68 19 -u9y 21 17819 3 19 51 43 119 25 -66 5 -8 24 218418
ASC sg ¢ 47 38 3 1S 7 49 121 25 63 5 d4 26 ¢17517 3 16 55 27 121 25 6l 15 73 28 218024
ASC SB 1 11 42 3 2C 42 o 121 25 57 25 ol 29 217457 3 21 53 47 1122 25 49 29 43 3] 2167Ce
Cvl s3 1 11 37 3 2L 4¢ 6 121 25 78 38 52 9 216809 3 21 53 43 122 25 85 53 137 3 216124
MAD CS 1 11 40 3 2C 42 6 121 25 G7 8 o 4c¢ <¢16367 3 21 53 47 122 24 113 €0 13 27 215874
BDA S3 C 38 ¢l 3 él 15 17 122 24 &4 b B4 26 217272 3 21 53 3T 122 24 69 12 77 21 218130 ég
ANT S8 o le 21 3 21 37 5 122 25 66 5 35 24 21776 3 21 53 37 122 25 67 8 81 23 218328
ANT So 1 11 &3 3 2¢ 47 15 122 &5 6S 19 To 20 217735 3 23 52 4 123 24 72 34 54 15 216843
681 Sa 1 11 43 3 e 40 15 122 2« 67 o 8l 23 218359 3 23 82 3 123 24 73 22 61 16 217466
MLA SB 1 il a7 3 2z 47 1o 1Z2 zs -1 T ve ¢4 18432 3 23 52 3 123 24 72 21 68 16 217553
sDA S8 1 11 a8 3 2z 4L 1R 12c 24 Ta ¢l 66 1> 21767°C 3 23 52 € 123 24 82 35 54 7 216796
cyl s8 I 11 51 3 22 40 25 122 25 9C o3 g1 v o¢l35793 3 23 52 16 123 24 173 78 12 -3 215438
ASC SB 111 f2 3 22 40 26 122 25 36 47 31 32 ¢lb346 3 23 S2 18 123 25 18 55 12 33 21587C
MAO OS 1 11 45 3 22 40 32 122 2> 131 o8 15 i6 <15667 3 23 52 17 123 24 177 14 16 1 215571
TEx S8 |2 3 4l 3 23 43 22 123 24 65 > 85 2o 218C27 3 23 82 3 123 24 66 7 83 24 218374




GYM
MLA
bDA
ANT
681
MAD
cvi
ASC
LLD
G¥M
GLD
TEX
MLA
6Bl
50A
ANT
CYl
MAD

ASC

St

S8

S8

N

SB

S8

cs

S8

S0

bS

)

[

S8

Sd

S8

S8

LS

5o

TRACKING
HRS MIN
1 11
1 11
1 11
11
1 11
1 11
1 11
1 11
1 11
1 6
o 18
9 18
¢ 18
PR )
G 18
(AN B
¢ 18
c 18
¢ 18
¢ 18

TiME

SEC
44
41
46
«8
51
44

54

56
17
41
4C
37

33

lo
1

12

CAY HRS MIN

4

4

38
¢ 34
+ 33
« 3¢
¢ 38

38
< 38
Y 38
v 33
T 44
2 37
2 317
2 317
2 31
2 37
P
¢ 37
2 37
i 37
z 37

LM SEPARATION BURN IGNITION

STATIUN ACQUISITICN DATA

SEC
42
43
45
45
47
47

55

12
12
15
28
29

3%

RA

122
127
124
124

124

123

peC

24

24

24

24

25

24

24

24

24

24

24

25

AL ELV
71 le
66 )
77 31
87 45
72 45
71 35
-147 71
166 37
-1 57
64 5
77 3C
78 20
8l 4l
88 56
86 538
16 o9
c4 71
-91 o4
~-17¢ >3
-4]1 46

LM SEPARATION BURN CUTOFF

X Y RANGE DAY HRS MIN SEC

73 18 217807 4 1 5% 26
d4 24 218445 4 1 52 25
53 1l 217014 4 1 50 32
43 2 ¢15342 4 1 sC 135
43 13 216349 4 1 50 37
o7 11 216925 4 1 50 31
le -ly 215525 4 1 53 53
L -3 £15354 4 1 50 51
-1 33 ¢£15890C 4 1 50 58
-79 o4 18139 4 1 30 25
ouv il 217017 4 2 55 44
=23 62 217204 4 2 55 44
40 7 216449 4 2 55 44
34 i ¢15862 4 2 55 44
32 2 215732 “ 2 55 44
20 =6 215497 4 2 55 44
17 o ¢1546C 4 2 55 44
=20 =1 21%675 4 2 55 44
lu -306 215958 4 2 55 44
~-32 }Z 21lb202 4 2 55 44‘

4day 2 hr 55 min 44 sec
4day 2 hr 55 min 51 sec

RA DEC
124 24
124 24
124 24
124 24
124 24
124 24
123 24
123 24
123 25
124 24
124 24
124 24
126 24
124 24
124 24
124 24
124 24
122 24
123 24
123 25

AZ

77

13

84

S7

*

80C

83

91

88

58

-89

=102

-45

ELV

31

1%

46

&7

€l

48

61

75

53

17

33

3¢

18

62

73

75

60

4“9

43

STATIUON TERMINATION CATA

X
59
76
44
3¢
28
42
14

-15
-15
-46
56
-16
45
3c
283
15
13

-30

-37

Y
11
le

4

-4

=25

32
66
1c

59

~

4G

31

RANGE
216948
217562
216261
21576C
215731
216181
215724
215426
215993
2171722
215873
216068
215335
214798
214735
214492
214460
21479C
215159

215407

66



GB1
MLA
BUA
ANT

MAD

s04A
ANT
MAD

Yl

os
Y]
S8
Su
St
SB

SB

S3

S8

S

TRACKING

kS
<

0

O

-~
Y]

MIN
52
52
53
53
53
53
53
53
53
53
11
11
il
il
11
11
11
11

11

TIME
SEC
53

60

g
20
24
37
33

42

42

42

STATION ACQUISITIUN DATA

CAY hRS MIN SEC

4

4

2

55
55
55
55
55
55
55
55
55

55

51
51
51
51
51
51
51
51
51
51
20
32
33
35
35
e
45
4t
53

S4

RA
124
124

124

124

124

123

123

125
125
125

125

124
124
124

124

CEC

24

24

24

24

24

24

24

24

24

<4

24

24

24

2%

AZ

8C

78

83

88

91

58

-10C

-89

—4t

-3

S4

88

ELV
30
33
45
62
oL
73
75
49
ou
“3
e
49
55
67
31
o4
19
1s

31

33

X
~-1l6
26
45
8
306
15
13
9
-3u
=57
79
3
35

23

-iu
=i

=51

Y
59
lu

5

1

-40

31

21

41

~g

-53

7

RANGE
216062
215867
215329
214729
214792
214487
214454
215154
214785
215453
«18028
c16C27
215829
c1548C
215243
215228
215257
215273
415853

cloab?

DAY HRS
4 3
4 3
“ 3
4 3
“« 3
4 3
4 3
“ 3
4 3
“ 2
4 5
4 5
4 5
“« s
4 5
4 s
4 5
4 5
4 5
4 s

MIN

48

48

48

48

48

48

49

49

49

49

&7

47

47

47

+7

47

47

&7

47

47

STATION TERMINATION DATA

SEC
49
51
53
57
57

6C

11

15

11
14
17

21

25
31
34

37

RA
125
125
125
125
125
125
125
124
124
124
12¢
126

126

125

125

DEC
24
24
26
24
24
24
24
24
24
24
24
23
24
24
24
24
24
24
23

23

A2l ELYV X
87 40 -4
83 44 46
88 56 134
95 73 17
99 71 1%
155 81 4
0 83 1
-52 40 2
-85 49 -41
-53 34 -50
73 25 64
18 63 g
$7 T3 20
116 81 &
-121 81 -8
-124  8C -12
-1C6 66 =23
-71 63 -26
-74 18 -4C
-75 24 -65

Y

50

-2

-3

-50

30

15

26

=66

14

RANGE
216448
216243
215793
215361
215408
215266
215249
216452
216060C
216728
217107
215509
215348
215178
215184
2152¢C1
215428
215518
217515

217187

09



ASC

HAwn

GLD

GYM

TEX

MLA

GBl

80A

ANT

MAD

Cvl

GUM

HAwW

GLD

GYM

TEX

MLA

80A

ANT

S8

S8

[

Sb

SB

S8

S8

S8

N

CS

S8

S8

LS

S8

Suv

Su

Sd

TRACKING TIME

ARS MIN SEC

1

11
11
11
i1
il
11
11
11
11
26
45
11
il
11
11
11
Ll
11
11

11

4“2

51

51

51

47

46

a4

42

46

47

CAY HRS HMIN

4

4

33

34

34

34

34

34

34

32.

32

32

32

32

32

STATIUN ACQUISITIUN vATA

SEC
57
41
51

52

~nN

11

13

25

20

28

31

33

33

36

KA

124

126

120

126

125

128

125

125

126

126

126

DEC

24

24

24

24

24

24

24

24

24

23

23

Az

=53

16

125

-93

-G6

-73

~68

-T1

(3]

81

~134

-85

-81

-82

EiLv

24

35

Tc

84

45"

71

[-3°]

57

5

9

14

&

62

12

6¢C

45

43

.}

-6l

ii

-3

-30

-60o

-15

sl

2o

12

|

-03

Y

~4

1

-0

19

22

-12

1o

RANGE

217191

216567

<153 .7

215178

215133

215343

215339

¢15676

215823

<17965

17724

217979

215444

£15171

215194

- 213476

216C"5
clobZ2s
Zlollb

15949

DAY HRS
4 5
4 7
4 7
4 7
4 7
4 7
4 7
4 7
4 7
6 7
4 7
4 9
4 9
4 9
4 Q
4 9
4 9
4 c©
4 9
4 9

MIN

47

45

45

45

45

45

45

45

45

0

19

43

44

44

44

44

44

44

44

44

STATIUN TERMINATION DATA

SEC
39
31
42
43
46
48
51
49
54
59
44
5¢
5
16
18
23
24
2e
22

29

RA
125

127

126
126
126

125

DEC
24
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

23

Az

-64

8L

-17¢

~124

-98

-5¢

-86

~-87

-73

- 64

-6€

7c

83

-1c7

-84

=79

-74

-77

-69

ELV
1-
51
76
82
71
56
54
42

37

23
78
61
57
45
31
18
28
10

X
-7
39
12
-7
-14q
-34

=36

-7
-85
65

12

Y
26
6
-1

-4

13
-63
23

18

=27

¢
15
12

21

RANGE
21798S
215813
215133
215091
215249
215646
21572¢
216187
216435
217008

217¢Cc12

217¢ces

215054
215402
21553°
215980
216666
21735¢
216797

21779¢C

19



TRALKING TiMt STATIUN ACQUISITION DATA STATIUN TERMINATION DATA

ARS MIN 5EC CAY HRS> MIN SEC RA CEC Al €LY X Y RANGE UAY HRS MIN SEC RA DEC AZ ELV X ® RANGE
SUM S8 11 =2 4 1u 30 31 128 23 Tl 34 o4 lo 216434 4 11 42 12 129 23 70 5C 38 13 215660
LN8 DS 111 44 w17 30 37 128 24 45 12 -T¢ 4T 217648 4 11 42 21 129 24 36 21 -64 23 217026
HAW SB 111 38 4 L. 30 48 128 23 52 48 i 1 214942 4 11 42 26 128 23 -84 76 -l4a 1 214987
6Lo B3 111 3 4 1¢ 3C 5u 127 23 ~97 352 o -38 215665 4 11 42 32 128 23 -8§7 38 -3 -52 2162C8
LYM Sy 111 37 4 1L 30 58 127 23 -85 47 =43 3 715865 4 11 42 35 128 23 =719 32 -58 9 216511
80a S8 ¢ i3 21 4 1. 30 59 127 23 ~68 8 -8 2l 217846 4 10 49 20 127 23 -66 5 -85 24 217120
TEX S8 111 34 4 17 3¢ 62 127 23 -80 35 -55 & 216399 4 11 42 34 128 23 -T4 20 -69 15 217135
ALa s8 111 3 4 13 27 67 127 23 ~-Ta4 2L -6y 15 217153 4 11 42 34 128 22 -68 6 -B3 22 217934
vsl S8 o4 3 4 13 211 127 3 =73 18 -7i lo 173C1 4 11 35 4 128 22 -67 5 -85 23 217622
CAK SB o 9 23 4 11 41 49 130 23 6l 5 oe 28 217961 4 11 42 12 13¢ 23 61 5 84 29 217975
LAR 56 6 5 9 4 1z 28 52 129 23 55 14 T3 34 217431 4 12 3¢ 2 129 23 55 15 72 34 217108 Y
LUM S8 0o 5 7 4 Lc 28 55 129 23 66 ol 21 11 215289 4 12 36 2 129 23 &6 62 26 11 214991
LE LS “ 5 2 4 12 25 % 129 24 25 db -ul c2 218741 4 12 34 2 129 24 24 27 -61 21 216456
naw 58 3 4 55 4 12 2% T 125 235 -83 5 -2z 3 215181 4 12 3 2 128 23 =83 63 -26 3 214954
GY™ S5 "4 53 4 12 2% 9 128 23 =15 21 -»s le 217613 4 12 3% 2 128 23 ~75 20 -65 15 216822
6L US 0 4 s 4 le 20 5 126 23 =Bl b -ic -—ol <16835 4 12 34 2 128 23 -ol 27 -18 -6l 216452
TEX 53 T e Ay 4 12 29 13 128 23 -TL 1d =Ts 2u £17672 4 12 3% 2 128 23 =-69 9 -8 21 217475

LM JETTISON BURN 1GNITION 4 day 12 hr 34 min 02 sec
LM JETTISON BURN CUTOFF 4day 12 hr 34 min 08 sec

TEX 53 PRSI 4 1z 34 5 128 23 -65 9 -su <1 217475 4 12 54 17 128 22 -67 5 -85 23 216784
R 1oe 33 4 12 2 - 125 23 55 15 To 34 217102 4 13 4D 4l 137 23 45 2¢ 55 40 216671

SuM 3B 1 & 39 4 12 24 4129 23 &F 02 <o Ll 2141985 4 13 49 46 137 23 48 75 11 12 214892




HSK

HAW

GLD

LYM

CRO

UM

HSK

GLOD

HAwW

CRO

MAD

CRO

GuM

HSK

cyrl

ASC

cs

SB

CS

S8

S8

0s

cs

S8

SB

SB

S8

oS

us

Sb

St

[P

SB

sB

S8

TRACKING TIME

MRS MIN
1 [}
1 6
1 [}
1 6
1 11
1 11
1 11
0 1
1 11
1 10
1 11
0 34
1 11
1 11
1 11
1 11
c 12
o 37
1 11
1 12

SEL

46

55

55

50

46

47

43

4

39

8

59

2

€y

39

33

3d

12

4l

0.

1

LAY

STATION ACQULISITION DATA

HRS MIN SEC

12
1¢
le
12
14
14
14
14
14
16
le
16
lo
lo
18
ls

lg

34
34
34
34
27
27
27
27
217
25
25

25

23
24
24
24
57
22

22

8

21

33
EL]

47

55
54
54
54

23

27
43

11

RA

130

129

129

131

131

133

DEC

24

23

23

23

23

23

22

22

23

22

22

21

23

23

21

21

22

Al ELV
24 21
-83 63
-6l 27
-14 20
325 33
-1 41
-5 31
-67 5
-78 3b
3 42
-68 o6l
~T1 12
-34 23
72 le
-31 36
~-72 34
-56 7
68 2
17 22
66 12

=55

=30

=55

-7y

85

67

11

Y

-ol

15

G4

~o0b

9

«+d

11

19

~31

b8

44

RANGE
216451
14952
216448
Zlo818
16295
214799
216395
217842
215051
215765
215083
17343
215695
217254
215542
216032
21752¢
216317
216556

217164

DAY

HRS
13
13
13
13
15
15
15
14
15
17
17
17
17
19
19
19
18
19
21

21

MIN

40

41

41

41

39

39

39

29

39

36

37

o

37

35

36

36

36

35

34

34

STATIUN TERMINATIGN CATA

SEC
54

2

13
16

32

54
19
58

33

40
31
11

14

RA DEC
13¢ 23
129 22
129 22
129 22
131 23
13¢ 22
13¢ 23
129 22
13¢ 22
131 23
131 22
13¢ 22
131 23
133 21
132 22
132 22
131 23
134 21
134 21
134 22

AZ ELV
g 31
-81 49
-73 14
-69 7
17 4&C
-59 71
-23 28
-66 5
-74 23
-18  4C
-72 45
-68 5
-48 15
82 24
-46 26
-71 18
-58 5
72 12
B4 37

61 27

X
-59
-4l
~49
-83

19
~16
-6¢
-78
-67
-2¢
-44
-85
-69
~16
-55

-T1

77
53

6C

Y

7

6

- 68

21

47

1c

=27

-€6

14

46

13

21

-46

64

39

18

-57°

17

‘26

RANGE
216447
215638
217363
21719S
215878
214868
216489
217768
216791
215693
215591
21642C
217143
216450
216365
216823
216997
217137
215699
216214

£9



TRACKIANG TiMe STATIUN ACQUISITICAN DATA STATION TERMINATION DATA -

AhS MIN SEC CAY HRS MIN SEC RA OEL Az ELVY X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y . RANGE.
MAD LS 1 1L 5% 4 200 22 15 133 21 3¢ 34 -1 56 215973 4 21 34 11 134 21 102 46 11 43.215298.
GUM SB o 10 e4 4 25 22 37 32 22 -1C T -8c <o 2174C7 ® 20 33 22 132 21 -89 5 -85 .21 216980
CRO $8 1 11 58 4 20 22 38 132 22 =54 18 -o08 34 215775 . 4 21 34 37 133 22 -3 5 =B4 27 217477
8048 Su 1 11 34 4 22 20 3% 134 21 6% 7 83 20 217349 4 23 32 13 135 21 78 20 69 11 216454
cyl S8 1 11 26 4 22 2T 45 134 21 88 48 4c 1 21521¢ 4 23 32 21 135 21 98 63 27 -4 214608
ASC S8 1 11 a4l 4 22 20 4«6 134 22 55 37 «7 27 21568C 4 23 32 21 135 21 42 5G 3C 28 215028
MAD LS 1 11 35 4 22 28 48 124 21 113 55 15 32 21494C 4 23 32 23 135 21 138 65 19 16 214541
ANT Sp 1 5 54 4 22 26 2% 135 21 69 5 85 20 <17153 4 23 32 14 136 21 73 19 7C 16 216525
681 S8 0 11 5 4 23 21 8 135 2t €3 5 B85 21 216776 4 23 32 13 136 21 71 7 82 19 217207
MLA SB o} 4 8 4 23 28 5 135 21 63 5 85 21 217132 4 23 32 13 136 21 7c 6 84 20 217292 )
681 S8 1 12 2 5 < ls 47 135 21 75 17 72 14 216618 5 1 30 48 13s 20 82 32 58 7 215704 E:
80A Sd 1 11 38 5 C 18 S5 135 21 £3 3C ou o 215919 5 1 30 48 136 20C 92 44 46 -2 215133
MLA So 1 11 5S¢ 5 2 18 53 135 2! 75 lo i4 15 cloTC8 S 1 30 47 136 2¢ 82 3¢ &C 7 215800
ANT SB 1 11 58 5 13 53 135 Z21 75 3¢ 53> 13 <1i5931 5 1 30 48 136 21 78 46 44 S 215076
MAD LS 1 1z 2 5 So14 5% 135 21 165 IG 2u 5 14425 5 1 31 1 136 208 -15¢ 68 2T =11 214379
Lyl sy 1 11 358 5 . 18 63 135 21 110 73 to -o 214363 5 1 30 58 136 21 -179 83 I =T 214146
ASC S48 i 12 2 5 < 19 2 135 ¢t 27 57 17 29 2147617 5 1 31 3 136 21 -3 61 =2 29 214549
Tex ¥ C 54 1o 5 ¢ 36 25 136 21 56 5 5 21 216433 5 1 30 45 1317 2¢ 75 16 T4 15 2166C5
TEX 58 1 i1 34 5 2 17 22 136 2% 73 20 o4 1L 216012 5 3 29 0 1317 2¢ 87 41 49 3 21516¢

sGLD LS 1 11 34 5 2 11 22 136 27 73 11 -5 TJ c16831 5 3 28 57 1317 2p 82 25 -16 64 215964




GYM

GBI

MLA

BOA

ANT

MAD

ASC

GLD

GYm

TEX

GBIl

BUA

ANT

MAD

cyl

ASL

HAwW

HAW

S8

Se

SB
58
S8
LS
So
Cs

S8

S8

S8

SB

[

S8

SB

S8

St

TRACKING
RS MIN
1 11
1 11
1 11
1 11
1 11
1 11
1 11
1 11
1 11
1 11
1 1l
111
1 11
1 11
1 11
1 11
1 11
1 11
0o 21
1 11

TiMc

49

40

4l

45

41

44

56

56

>3

52

53

>3

45

46

15

43

CAY HRS
5 2
5 é
5 2
5 2
5 2
5 2
5 2
5 2
5 “4
5 4
5 4
5 4
b 4
5 4
bl 4
5 4
5 4
5 4
5 5
b 6

MIN

17

17

17

17

17

17

17

17

15

15

15

15

15

15

15

15

1é

le

<)

14

STATION ACQUISITIUN UATA

SEC
23

24

31
39
41
43
31
32
37
43
45
45
48

60

RA DEC
136 20
130 ‘23
136 20
136 2¢
136 21
135 21
135 2¢
135 21
137 2%
137 2¢C
137 2¢
137 22
137 29
137 27
137 20
136 20
136 2¢C
136 21
138 2°
138 2«

Az
T4
86
87

100

-12¢C
~128
-24
8¢

86

-55
71

7¢

ELV

14

43

41

54

57

77

62

58

34

39

51

ob

63

76

854

41

20

75

af

49

Y

15

=22

29

206

KANGE
216655
15187
215271
14717
214632
214164
2144084
214583
215456
215218
214715
214257

214166

¢claléo

213978
215118
2146732
215184
215961

216374

STATION TERMINATION DATA

DAY HRS MIN SEC

5

5

28
29
29
29
29
29
29
29
27
27
27
27
27
21
27
27
27
27
27

25

59
&
5
9

12

25

23

27

27

29

33

36

37

38

41

45

48

53

22

46

RA DEC
137 2¢
137 2¢C
137 2C
137 20
137 20
136 2¢
136 2¢C
136 21
138 2¢C
138 20
138 20
138 2¢
138 2¢C
138 20
137 28
137 19
137 2¢C
137 20
139 20
136 19

AZ ELV
81 29
94 Sb
96 56

116 &8
76 73
~1¢n 62
-1.8  5¢
-46 48
1C0 48
95 54
1C4 66
139 79
144 82
-147 75
-73 79
-B7 28
-85 37
-63 25
73 s
81 35

15

-32

EXS

23

¥

~38

27

41

RANGE
215743
214503
21408C
21423¢
2113¢
21439C
214803
214854
214725
214495
214149
213926
213898
212974
213332
215687
21524¢
215842
2167Ca

215152

G9



T<ACKiING TlME STATIUN ACUUISITIUN DATA STATIGN TERMINATION CATA

nkd MIN Ste LAY rrRS MIN SEC KA DELC Al =LV X Y rAaNGE CAY hRS MIN SEC A DEC Al ELV X Y RANGE
oLy LS 1 11 4¢ S s 14 5 13fF 20 117 57 le 34 £1436¢C 5 7T 25 55 139 19 136 €S 15 14 213951
GYM SB 1 11 4c 5 [} la 1?2 138 27 103 65 29 =2 ¢l«l5” 5 7 25 58 139 19 134 78 < -5 213873
TEX S8 .+ 1L 5¢ b ¢ le 13 138 2¢ 121 7¢ le -7 213925 5 T 26 3 13¢ 19 -152 €1 -4 -8 2137717
MLA S8 i 11 20 5 & l4 17 137 2. =185 481 ~-4 -9 213868 5 T 26 7 138 19 -117 68 -2° =7 213975
G381 S 1 11 43 5 c l4a 15 137 2¢ -136 8l -0 -7 213863 5 T 26 7 138 16 -1 3 67 -22 -5 214Cl1
v0A SB 1 11 53 5 € la 15 137 27 -11G o8 -2u -1l 21407 5 7 26 12 138 19 -1z 54 -36 -7 214393
ANT S8 1 11 5e > o le 22 137 2¢ -79 68 -<ZZ + 214076 5 7T 26 18 138 20 =87 51 -3¢ 65 214451
MAU L> 1 11 45 5 = 14 25 137 12 =8:< 1y -27 -ov 216125 5 7T 26 11 138 19 -7¢ 6 =73 -69 216795
LYl S$3 L1l 52 2 c 1w 23 137 27 -8C 2¢& -o4 J ¢1571% 5 7 26 18 1383 19 =74 11 -T7€ 16 216492
ASC S3 O 43 13 5 o la 31 137 z7 =€7 le =75 &3 <1377 5 6 5T 50 137 20 -¢€9 5 -85 21 21564C

TET IGNITION 5day 7 hr 51 min 35 sec =
TEI CUTOFF 5day 7 hr 54 min 14 sec

ttdm S 9 4N 22 5 = ¢ 3L 1z2e 2¢ $4 44 w0 “ 153171 5 17 22 51 138 2¢ =171 5 -85 19 195534
ule LS R 7 B 3 3% 133 15 1=l 75 e > ¢l4278 5 14 52 42 133 19 =77 5 -7€ -¢9 201157
GYF S8 c  lc 33 > < ;037 12s 2. -117 w2 . =3 <lal”l 5 14 15 16 137 19 =71 5 -8% 13 272578
TEX Zo 5 13 23 5 3 ¢ 35 1 2. -i1S To -.:x -1 21418l 5 13 21 34 133 1% -71 5 -85 16 20455¢
LA Lo 4 13 7 5 - ¢ 4L 135 1= =11 o mes =D fleb 3 5 12 15 48 137 15 =71 5 =85 15 207C47
vol 5b “ P s o] I o4el lze 27 %t 2% =31 <=3 214586 5 12 3 22 137 1¢ -71 5 ~-8% 19 27483
oJm 33 ER A b - D4l 13k 1T =53 40 —aa -4 213713 5 11 18 18 137 19 -=7¢ 5 -85 27 209181
aNT S0 PR Z 5 b} Z 44 log 2 -79 43 -«17 B ¢15163 5 1 42 45 1371 20 -7l 5 -85% 19 210573
vuY So 11 48« 5 - - 15 1 7 71 5 b5 1y 214521 5 27 52 55 138 2C -71 5 -8% 19 187594

trrors s 55 2 s i. 1s 20 13w 7. €75 =3 6. 211708 5 19 8 29 138 21 -6 5 ~80 -6€. 191573




CRO

MAD

cyl

ASC

ANT

68l

MLA

TEX

GYM

GLO

HAwW

oUM

CRO

MAD

Cyi

ASC

v DA

ANT

S8

Sy

S

SH

Sv

S8

S5d

Se

56

CsS

Sb

Su

Ls

Sh

Cs

S8

Su

5L

TRACKING
HKS MIN
9  4¢
13 18
1 33
1C 48
12 49
12 1
12 30
12 36
1e 34
12 35
13 2
le 17
i1 52
-] 54
9 45
13 23
12 39
i 52
12 5o
12 7

T1Mc

SEC

36

37

53

17

27

35

18

24

14

43

3J

STATION ACQUISITIUON UATA

CAY bPRS MIN SEC

5

12

18

19

2w

22

22

23

23

17

25

13

35

47

39

46

54

48

14

12

23

31

41

29

53

13

35

44

22

2z

37

3%

22

53

14

27

19

33

51

14

la

51

53

RA DEC
136 2u
14C 19
140 22
Lav 27
142 19
la 27
l4e 2
147 19
lal 20
141 1%
141 19
141 2
142 27
142 21
143 21
l4¢4 16
145 19
145 22
146 19
14 15

AZ ELYV
[} 5
69 5
71 5
[ 5
T2 5
71 5
71 5
71 5
71 5
71 5
70 5
71 5
T1 5
60 5
64 5
3 >
71 5
65 >
71 5
71 5

X

g4

-1o

53]

[ 3]

8b

85

55

85

~-7o

b5

85

-80

o4

-To

1B}

45

Y

25

(4%

19

19

19

19

09

19

19

6J

éo

o3

1y

21

19

1y

KANGE
21267
193449
1y 925
L8716
183637
1821573
181131
l838062
1738152
176731
175543
167633
157593
154485
169327
131962
124547
126145
118737

1l91.6

LAY

HRS

21

11

1C

12

12

13

14

15

17

21

22

MIN

55

24

49

1"

23

29

18

55

2¢

22

50

15

STATILM TERMINMATION DATA

SEC RA DEC Al ELV X
54 138 21 -65 5 -84
12 147 19 =69 5 -7¢
42 1e” 19 -T1 5 -85
28 139 2¢ -6S 5 -85
53 140 19 =77 5 -85
16 147" 2C =71 5 -85
17 laC 19 =71 5 -85
11 147 18 =~71 5 -85
it 14 19 -T1 5 -85
31 141 19 =71 5 -85S
53 141 19 =70 5 -76
20 141 19 -T1 5 -85
37 142 2C¢ -T71 5 -85
32 142 21 -ef 5 -8¢C

3 142 21 -64 S -84
15 145 18 =70 5 -76
3C l4e 19 -T71 5 -85

8 145 20 =69 5 -85
41 148 18 =72 5 -8%
23 148 19 -T2 5 -85

Y
25
-¢8
19
21
20
19
13
19
19
19
-69
19
19
-59
26
-7
18
21
18

13

RANGE
1851¢€1
161709
160709
163173
151794
1533¢4
149771
1491932
146212
143724
141998
134843
124361
129662
12111¢

87876

862C5

89874

72131

74598

L9



68l
MLA

TEX

S8

SB

S8

Sb

[P

S3

S48

(&)

™

(d

TKACKING
kS Ml
12 39
le &5
12 44
12 a7
13 1lc¢
12 4
13 25
4 34
10 7
2 45

z 4

1 32

o} 9

TIME

SEC
30
34

35

12
Ll
35

40

n

CAY

HR S

23

o

w

o

MIN

S¢E

S

15

4

STATION ACQUISITION vATA

SEL

49

56

44

7

54

3

kA OEC
146 19
146 19
147 19
147 16
147 19
146 19
152 1°
152 21
155 2t
1e7 23
17- 21
173 2
-122 <4

ENTRY INTERFACE

AZ ELV
71 5
71 5
71 5
71 5
ic 2
71 5
71 5
56 5
&4 5
~-34 34
5¢ 3¢
56 11
-4 8 el

X

85

85

85

45

=75

85

b>

-8

o4

-39

5>

77

Y
13

19

19
Tu
19

19

=40

RANGE
1153086
114928
111162
irsire
107456

96C1l6é

33531

75525

oAY

STATION TERMINATIUN DATA

HRS MIN SEC

12

12

22

22

23

38
51

p}
57
35
22
12
36
11

11

19

3¢

19

15

1c

6

45

3C

43

43

42

r

3¢

7 day 23 hr 18 min 16 sec

RA
149
149
150
153
152
156

-105
164
-53
-53

-119

-15¢

-3

DEC
18
18
18
18
17
17

-71
22
21
21
17
21

49

AZ ELV X
-72 5 -85
-72 5 -85
-72 5 -85
-72 5 -85
-72 5 -74
-74 5 -85

-177 5 -30
-56 5 -81

64 5 84
64 S B84
71 5 85
64 5 84
-5 5 -85

18
18
18
17
-72
16
-84
-58
26
26
19

26

RANGE
68721
67761
62616
58183
5512¢
4C 386
1690
26154
1939
1938
6119
1C514

1450

n
(=<}
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TABLE 2.0-VI11.- MISSION RADAR TIMELINE - Continued

{e} LM acquisition and termination - 0°minimum elevation

Tracx g 1M SYRAYION ACEVIS1TIVN LATA STAT1ON TENMINATION DATA
HKS MIN SEC DAY HK> MIN SEC NA LEC AL ELV 13 Y RANGE DAY HKS MIN SeC RA DEC Az ELV X Y RANGE
4 v ey 4 2 55 51 123 29 =100 49 .45 =7 215154 | 4 3 5 51 123 24 =98 48 =42 =6 L1489/
4 LA YY) 4 2 54 4 1449 24 d4u 30 sy 8 216062 “ 3 S 5} 125 24 42 31 b 7 21564y
u ¥ &U “+ Z by 4y 124 24 78 33 5 10 215867 4 3 5 51 125 24 79 35 5y 9 &l5442
o] 9 &u 4 2 55 5} 124 24 B3 45 4y b 215329 “ 3 5 by 1249 24 84 47 43 9 214918
RENDEZVUUS KADAR TRACKING e
U 34 14 4 ] b 91 123 24 98 48 a2 = 214897 4 FEERL] 5 12% 24 =92 4] =49 =2 ciblb}
o 3k 14 4 3 5 51 12n 24 82 31 S8 7 215840 4 34y 5 126 24 86  3¥Y 5y 3 LlbeHe
U 3y a4 4 3 S Bl 1ds ud 7Y 35 5y 9 215442 4 3 44 Y125 24 83 43 4y ERPRRIILR]
woo 3w 1A 4 3 CE S N L I L] B4 47 43 4 2149149 4 3 44 S 125 24 87 w5 35 2 215582
COAST To QuUI Burn »
9] 4 4y 4 3 44 L P L] 86 39 51 3 216248 4 3 48 48 U125 24 87 44U g 2 416445
i 4 44 4 3 4y CEER L L 83 43 47 ho216043 “ 3 48 ww 125 24 83 44 4g 5 «ib2My
4 4 45 4 3 4y LR PLET 8/ 5% 3s 2 215582 4 A 48 sy 125 24 48 56 sy I ¢157%0
u [ 4 “ 3 a4 b l24  dy =92 41 =4y =¢ 216151 y 3 49 8 124 24 =91 40 =50 -] 216454
[ 3} 4 “ 34y 4z 12n da b4 9 90 2u 218e2% L 3 N8 uy 145 24 6Y D ¥ 46 <21¥ese
ULLAGE FOR DOi dUKN
bul BUkny
RELUE S yUS RADAR THRACKING o
U 142N 4 4 3 342 2o A% 1)l Ty 21 2171798 4 4 be 21 lee 24 70 14 79 19 <lbels
U 14 1@ “ 4 38 LR T-A A 94 BU Yo =3 215408 “ 4 S6 7 12s 24 9753 s =4 Z14/v
u o 1s 1s 4 438 42 15 29 ae 55 3y i 215604 “ 4 w6 27 125 24 00 59 4y U 214989
[ PR Y 4 448 13 12n 24 ¥4 87 23 -l 2i%ies 4 4 Se &4 12n 24 47 4% 19 =2 4AM292
0 tu 2 4 4 3R 24 129 &9 e84 30 -by S 2ieesBl “4 4 96 27 124 ¢4 =8l 27 =&} 8 £i5Yb9
COAST 10 PHASE AantUYVER
o ¢ ey 4 4 e g7 1zt 24 =8l 27 -6y 215967 4 5 6 ¢/ ien 235 =80 25 -oy 9 ¢Ib85%

Li E 1Y) 4 4 5e 2/ 146 24 o8 7y 1y 216670 “ s 6 27 126 ¢M 71 16 73 19 <1635
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A

QT

PRE

CaRr

HAW

ASC

(9]
B
<y
(9]

CR

(4]

B

Ca

Cb
(A
e
(9]

(3}

Cy

(41}

TRACKkING TINE

HRS MIM SEC

a

34

35

S8

54

47

47

DAY HRS MIN SEC

“

4

L#=UESCENT STAGE JLTTISON

38

39

39

g

9

71

STATION ACYUISITIUN DATH

A WEC
17 126 24
17 12% ¢4
7 Ly 23
60 146 24
16 126 24
16 126 24
21 125 24
33 125 23

4 6 53 26 125
4 & 53 26 |20
4 6 53 26 24
“ & 53 26 126
4 6 653 28 1&g
LM ASCENT
4 & 53 38 2b
4 6 53 386 |26
4 6 53 3& )26
“ 6 53 36 |26
4 6 Ly 36 |26
COAST TO INSENKTIUM
4 6 H3 3R | 2%
4 .6 b3 3H  |2»

23

24

4

24

24

RETRU BRURN o

<3

o

2

24

23

4

AL ELY
92 83
10 7S
-77 24
76 37
128 72
117 81
“131 64
-67 9

=65

77
137
131

-lle

ablh

40

75

8y

B2

40

75

L]

61

40

27
Is
b6
53

14

4y

Y

-3

=1

-4

-4

23

25

=1

-4

-y

25

RANGE

214328

214075
215995
216578
215347
215232
215205

218p8s

217485
215661
214557
214457

214473

217479
215652
214549
219449

214465

217477

219649

DAY HRS
4 5
4 5
4 B
4 &
4 3
4 &
bl 6
4 6
4 6
9 6
4 L]
4 6
4 6
“ é
4 6
4 ®
4 6
4 [
L] 7
4 7

MIN
S0
50

50

53
53
%3

653

53
53
53
53

43

53
b3
3
53

53

STAT[UN
SEC RA
b 126
18 126
343 128
<6 126
26 126
26 126
26 12¢
26 125
36 12
36 126
36 126
d6 126
3o 12e
8 126
38 12
48 126
38 l2e
38 126
6 125
lo 127

QEC

24

24

23

24

4

24

24

23

23

24

24

23

24

AL
98
118
“l4
17
137
13}

-116é

77
137
131

-1ls

17

137

=lls
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70
82
17
4o
78
84

82

40

84

81

40

5

B4

a1

42

TERMINATION DATA

X
19
7
=72
50
[}
5

-8

-85

47

Y

-3

-4

i5

10

=1

=

3

25

F3

RANGE
215612
215450
217819
215661
L1459 7
214457
214473

217485

217479
215652
2145499
214449

214485

12477
215649
214547
214446

219463

217148

215132
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ULLAGE FUR 1uSERT
N 7 3 Ze 125
4 ? 3 26 127
h / 3 <k )es
4 7 3 26 126
“ ? 3 l6 126

FuSERT 1oy AuRN
bl 7 329 12%
bl /7 ) 29 l(/
4 7 3 2v 124
“ / 3 Zv 12
4 7 ) 29 124

ALwulsiTion

P14

<4

24

44

pui

23

'L}

44

72

DATA
AL ELV A
13775 4y
134 b4 5

~ile @l -y

HUKN

74 42 4y

149 85 3

=1lJy u0 .y

TS

8 42 4
144 76 9
147 B

=110 8L =~iu

COAST 1)) WELDEZYOUS RADAR TRACK [Nu

“ / 3 “ 145
gl l I N T4
b / LI T
bl ’ 3o4s 146
hl 4 } 45 [ de

RENODEAIVOYS

<4

LETS

63 D o-d
Ta 42 47/
144 Ta )
R 3
iy HU el
A TRACKRENL o

2

~

s

-1y

N

HANGL
214547
2it4Ne

L4463

PARSEE]
2yby3e
219105
214901

214058

2171147
2151 0y
2ya103d
214013

214use

LARERN
215117
PARTL A
diwqgly

Zivghd

247215

214892

STAT]uUN

VAY HRS MIN SEC

3

Za

o

8

“h

“th

26

RA

126

125

127

VEC

23

24

23

4

23

24

el

4

24

24

23

23

24

23

23

L3

Al bLv
144 16
149 65
-110 80
-63 E]
78 42
1449 78
149 8%
-1i0 8D
-6 s
78 42
144 76
149 8%
=110 80
-6l 2
19 xe
Lo 1
“164%  HY
=luY 4
-59 J
sy 51

TERMINATION DATA

=i0

-in

=Yy

39

Y

P

-

2

~

<

s

<

9

@

s

KANGE
PARRTIEY
414015

FA%I'CL

217187
419130
FARNNIR]
PRRII )

2i4ub e

FIRANE!
215119
214094
214004

214048

217¢0a
L4852
213967
41 3bve

FARELETN

PERETSY

L1627



Bkt B

ASC
PRE
CAR

HAW

cri

ASC

PRE

CAR

e

PRE

(4]

(47}

[3:]

(4]

[4.]

[4:}

cB

[4:]

T eB

[4°}
cB

c8

(-]

Cob

ca

B

<8

<8

B

TRACKING TIME

HRS MIN
0o 22
o 22
0 22
o 2
0o 2
v 2
0o 3
o 10
0 ?
o 9
o 9
v 9
o 7
g7
[N
a7
o 7
o 0
o u
o o

SEC
55
55

5%

44
58

59

53
47
45

38

80
' &U
60
"6y

L1}

DAY HRS MIN
4 7 2,
b 72y
“ 7 2
COAST TO
L] 7 44
R T
M 7 sy
4 7 4y
CS1 BURN

STATION ACWQUISITION DATA

SEC

45

45

45

€S

40

40

40

40

RA beC
120 23
126 43
126 23
127 23
127 23
127 23
126 23

A7 ELY
\59 77
-1 64 8BS
-104 76
W 5]
=177 78
=125 #2
‘a99 21

73

X Y

5 =12
=1 -4
-l =3
E1] 7
.1 =12
~6 =4
=19 =3

COAST Y0 RENDEZVOUS RADAR TRACKING

RENUEZVOUS RADAR TRACKING o

L] 8 34
4 & 34
4 B 34
4 8 3y
o4 8 3g
COAST TO
4 8 4y
4 8 44
4 A 44
4 8 44
4 8 44
_CDH BURN
4 8 s
4 8 2
4 8 H2

3
48
54
56

3

COH

41
“41
41
“41

i

“41
“41

“41

12/
127
126
126

126

23

23

23

23

23

23

23

3

43

23

23

23

1)
8l
132
-i00

L22)

68
82
-127
98

U

69

82

=123

9
Y4
73
72

60

65
72
70

b8

66

70

8,
27
-13
-ls

-0

78

=iy

-2y

=32

77

-7

2

-1

2

-1

2

-1

2

3

FS

3

(=

RANGE
213967
213a9%8

2139846

215627
214931
214887

215039

217902
215384
215136
215163

215443

217239
21499800
214643
2144685

214999

216752
214370

214281

DAY MRS
4 7
4 7
L] 7
4 7
4 7
L] 7
« 7
4 8
4 8
4 8
4 8
L] 8
4 8
4 8
4 8
4 8
4 4
4 8
4 8
4 4

MIN

4y

44

4y

47

47

47

47

44

4y
4y
44

4y

52

52

52

52

52

52

52

52

STATION TERMINATION DATA

SEC
40
40

40

k1)
3y

4s

‘4

41
41

44

41
81
41
41

41

RA DEC
127 23
127 23
126 23
122 23
127 23
127 23
126 23
126 23
127 23
126 23
126 23
126 23
128 23
127 23
126 23
126 23
126 23
128 23
127 23
126 23

AT ELV
-177 78
-125 82
99 71
80 sl
-174 78
-122 82
=98 70
68
82 &5
-127 72
-98 70
-90 se
69 13
82 66
-123 70
-97 Y]
-89 g6
69 13
82 66
-123 70

X
=1
6

~i9

ET:}

-7

-9

78
25

=l5

-32

77

23

-2

-34

76
23

-7

Y

-12

-4

-3

L3

=12
-4

-3

2

=1

-3

[

24

=11

-2

21

-1

RANGE
21493
214887

215039

215743
215083
215043

415208

217239
214800
214643
214685

214999

216752
214370
214281
214335

214668

216745
214365

214277



CAR C8

MAW CB

€Yy cp
ASC CB
PRE CB
CAR CB

HAW CB

<yl C8
ASC CB
PRg B
CAR CB

HAW cB

€yl ca
ASC €8
PRE ¢B
CAR CB
HAW CB
WHS CB

ANT C8

ANT CB

TRACKING
HRS MIN
[} [}
0 1)
[} 3
0 3
0 3
o 3
Q 3
o 18
Q 148
o 18
o 1la
0 18
o 13
o 1
0 13
LR ]
[N ]
o 11
¢ 10
0 [}

TIME

SEC

40
+0
4«0
40

60

o0
0
40
80

40

21

L1

16

74

STATION ACWUISITION DATA

DAY HRS MIN SEC

“« 8
4 8
COAS
4 8
v 8
4 8
4 8
“« 8
4 8
“ 8
4 8
4 e
“ 8
COAST
4§« 9
4 9
4 9
4 9
v 9
4 9
4 9
el
4 9

VEC Al ELY

23 17

23 =8¢

56

X
-22

-3

RENDEZVOUS RADAR TRACKING

RA
82 41 128
82 41 126
T Yo
52 48 128
52 48 127
52 48 126
52 48 126
82 48 126
"RENDEZVOUS
56 48 20
s6 49 127
56 48 27
56 48 124
56 48 126
T0 TPl
15 48 (28
1S 48 128
15 48 127
15 48 127
i1s 48 127
17 38 128
18 12 128
BURN
28 59 28

23 (1)
23 82
23 «)23
23 97
23 -89

13
bb
70
[1}

[ 13

Te
23
=17
=22

-34

RADAR TRACKING »

23 .
L) 82
2) -j22
23 9%
23 08
.
23 o
23 82
23 -6
23 &%
2) <87
24 sU
24 (1}
2% 59

13
.7
0
o7
55

71
66
(3]

LY

Te
23
=17
-23

35

7t

«22
27

-39

Y

-2

2)

3

1
~2

1

21
3

-2

2g

-l

-2

3o

3

RANGE
214335

214668

214745
2143465
214277
214330

219642

216542
21417
214136
21419

214538

2(6142
213933
214035
219121
214508
217200

217213

217494

DAY RS

4

4

STATION TERMINATION DATA

MIN SEC
S2 48
82 e
56 48
56 48
56 48
56 48
6 48
15 4%
18 48
15 4
1s 48
15 48
28 59
28 59
28 57
28 59
28 59
28 59
28 59
29 1%

RA DEC
126 23
126 23
1z8 23
127 23
127 23
126 23
126 23
128 23
izs 23
127 23
127 23
121 2
128 23
128 23
127 23
127 23
127 23
128 24
128 24
128 24

AZ ELY
-7 o8
-0% 6

o i3

62 &7

-t22 70
=94 67
-88 8§

0 47

0° 7

118 o6
%4 3
=87 S|\

70 20

8 74

“1i1 44
92 40
-85 46

59 2

5y 2

99 2

x
~22

-3y

76
23
-7
=23

=38

71
ir
22
~27

3

[1]

.2y
«3p
-4z

(1]

Y

-~

2

-

~10

-2

20

[

-2

~

-

-

3

3

3

RANGE
214330

214663

214543
219191
214136
214194

214622

216142
21393
214038
24124

21490%

216423
214322
214953)
214436
21504¢
217488

217494

217503




Al

(91}

<3

8

(4]

<8

ce’

8

TRACK EfG
MRy My
a Y
0 ¢}
o a
Q 0
@ u
3] ]
o 14
0 14
I
o] 14
o1
014
& 14

‘15

23
33

33

75

STATION ACWUISITIUN DATA

DAY HHS Misy SEC RA DEC AL ELVY X
4 7 24wy 128 23 Ju 20 6y
4 Y 28 % 1é8 &3 B3 74 le
4 ? 2 u% 127 &3 ={l} &4 =24
49 Za 5y 120 23 .9z 40 =3Q
WY am Sy 127 43 <86 4B -4z
4 9 23 oy 124 24 s8¢ 7 88

COAST S0 IST BRAKING GATE T
4 9 29 1% 328 23 70 .20 49
4 9 29 15 128 24 . 589 2, B8
4 7029 15 128 24 ..5%Y,, 2. 8s
4 9 29 1l 128 I .83 T4 s

4 9 29 15 127 23 =10l b4 =24

bl 929 1% 127 &3 %2 60 =39

4 Y 29 lg 147 23 aBs 4B -42
COAST TQ 20D BRAKINw GATE .
COAS[ TQ 3HD BRAKING GATE »
1ST BRAxIvG A uveN .
COAST T 4Tn Bwan]NG GATE .
200 sHACLNG MANE VR R .
COAST T STH BRrRa%jMu GATE .
JRU BHAK NG MANEUVER .
COAST (9 DUCKING .

CUAST T Qo 1ILLVIUS RADAR THACLKING @

KL IR ZVUUS RADAK THACKING o

3

3

Y

~

Y

<

9

w

RANGE
216423
214322
214533
214636
215049

217488

216432
217498
217503
214333
2145496
2146510

215064

DAY HRS
4 9
4 9
4 9
4 9
4 ¥
4 9
4 9
4 9
4 9
4 9
4 9
4 9
4 L3

MIN

29

29

29

49

29

29

43

43

43

43

43

“43

43

wTATIUN

SeL RA DeC
i 12y 23
15 128 23
is 127 23
5 127 23
Po 127 23
is ‘128 24
23 129 23
U l28 2%
£ 120 24
dg i2s 24
4g 127 23
48 127 23
w6 127 24

AZ ELV
oo 23
83 7

TERMINATION DATA

SEEL et -2y

=92

-86

59

=107

§0 - » 30

48

2

61

-2

Y]

-8

=33

3

18

33

33

-8

FARAREY

216980

sid

41501y
215364
21347,

ZloY5]



76

APS BURN T0O DEPLETION

I HaOds Yaype

TORLRING Tlne StaTloN ACWUIS IION VaTa

rRS MIN SEC DAY MRS MIN SEC wh UEC Al LLY 3 Y Kawutb
P4 7 4 1 7 ¥ 28 22 eas 3 =87 <M 2j6773
[ 9 + 13 7 o8 22 w72 4 el lleIcl)i

H he H L] V3 7 9 J2b 22 77 1l =31 =en 2i570L8

¢ 25 ] N 13 7 ¥ o129 24 le 2% =80 4 215247

4 89 u M1 31 36 135 20 '} 0 =90 03 2259}5
13 54 gn s 1 5% 2% 183 47 1} O 90 &9 24%y+/
il 1 26 | JENY ) 4 58 14% 5 7y 0 =920 7| 260274

17 MAY 89 72,1 (OAST afteR APS BURn T0 DEPLETUN

HiN

S1atioN
SEC A DEC
Vi 1&Y 22
[ IV
ooadr 21
U tde 20
36 1%e Q1
LT T P ¥4
24 18% )2

AZ ELv
i) A
~b% [
-y (7}
ey 0
w7 3
=I5 U
“rs "]

FERMINATLION DalA

Y

FE]

-6

-65

82

=76

KANGE
cidean
2940
PP REE
PRI R
JUuuvi
VEPERYS

2%7Y117




TABLE 2.0-V111. - MISSION R{\DAR TIMELINE - Concluded
{f) LM acquisition and termination - 5° minimum elevation

VEHICLE 2 RADAR TABLE

TRACKING TIME STATION ACQUISITION DATA

HRS MIN SEC DAY HRS MIN SEC RA DEC  AZ glV X Y RANGE DAY MRS MIN SEL
6i1 cB 0 9 60 4 2 55 51 123 24 =100 49 -40 =7 215154 4 3 5 51
PRE CB 0 9 60 4 2 55 s1 124 24 80 30 60 8 216062 4 3 5 s1
CAR cB 0 9 60 4 2 55 51 124 24 T8 33 S6 10 215867 4 3 5 51
Haw CB o 9 60 4 2 S5 51 124 24 83 45 45 5 215329 4 3 5 51
RENDEZVOUS RADAR TRACKING =
6T1 ¢CB 0 38 14 4 3 5 51 123 24 =98 48 42 =6 214897 4 3 48 8
PRE CB 0 38 4 3 5 51 125 24 82 31 58 7 215640 43 44 S
CAR CB 0 38 14 4 3 5 s51 125 24 79 35 S4 9 215442 4 3 44 S
HAW CB 0 38 14 4 3 5 51 124 24 B84 47 43 4 214918 4 3 us 8
COAST TO DOI BURN «
PRE CB 0 4 43 4 3 44 5 125 240 B 39 S1 3 216248 % 3 43 48
CAR ¢B 0 4 u4 4 3 44 5 125 20 83 43 47 5 216043 4 3 uB ua
HaW CB 0 & 45 4 3 w4y 5 125 24 By 55 35 2 215582 “ 3 48 SO
6Tl c& 6 5 & 4 3 44 5 124 28 =92 41 49 =2 216151 4 3 49 8
ULLAGE FOR DOT BURy
DO BURN
RENDEZVOUS RADAR TRACKING #
ASC Cb 0 18 24 4 4 38 3 125 24 69 11 79 21 217798 4 4 56 27
PRE CB 0 18 18 4 4 38 9 125 24 9 50 40 =3 215808 4 4 56 27
CAR CB 0 18 15 4 4 38 12 125 24 88 S5 35 1 215608 4 4 56 27
HAW Cb 6 18 15 4 4 38 13 125 24 94 67 23 -1 215268 4 4 56 27
6T1 ¢ 0 18 2 4 4 38 26 124 24 -84 30 =60 5 216681 4 4 S6 27
COAST TO PHASE MANEUVER
6TI Cb 0 9 60 4 4 56 27 124 24 =81 27 =63 8 215969 ¢ 5 6 27
ASC CB v 9 60 4 4 56 27 126 24 70 14 75 19 216673 4 5 6 27
PRE Cb 0 9 60 4 4 S6 27 125 24 97 53 36 =4 214779 4 s & 27

STATION TERMINATION DATA
RA DEC

123
125
128
124

124
128
125
128

126
125
125
125
124

124

125

24
24
2
20

26
)
24

28 -

24
24
24

24
24
24
24
24

23
24
24

AZ ELV

-98
82
79
8t

-92
aé
83
87

70
97
g0
97

=81

7
99

4“8
31

47

L1}
3
43
8s

uy
56
40

14
53
59
I3

27

25
16
5%

X
=42
38
S4
43

=49
s1
47
38

46
34
=50

75
36
31
19

~63

-64
73
34

» o W

-, N

-t

19
-i

<

-2

0

19

=5

RANGE
214897
215640
215442
214918

216151
216248
216043
215882

216445
216240
215790
216450

216673
214779
2314589
214292

215969

215855
216351
214508




78

VEMICLE 2 KRADAR TABLE

TRACKING TIME STATION ACOUISITION DATA STATION TERMINATION DATA
HRS MIN SEC DAY HRS MIN SEC RA DEC A2 gLV X Y RANGE DAY HRS MIN GEC  RA DEC  AZ ELV X Y RANGE
CAR CB 6 9 60 4 4 S6 27 125 24 90 59 31 0 214589 4 5 6 27 125 24 91 61 29 0 214321
HAw CB 0 % 60 4 4 56 27 125 28 97 71 19 -2 214292 4 5 &6 27 125 24 99 73 17 ~3 214047
ULLAGE FOR PHASING BURN
611 CB c o 7 4 5§ 6 27 124 23 ~BQ 25 -64 9 215855 4 5 6 35 124 23 «gp 25 ~64 9 215856 3
ASC CB 6 o 7 4 5 6 27 126 24 71 16 T3 19 21635 4 5 6 35 126 24 71 16 73 19 296349
PRE CB o 0 7 W 5 6 27 125 24 99 55 34 =5 214508 4 8 6 35 125 24 99 5% 34 =5 214506 T
CAR CB v oo 7 L v b £7 125 24 91 61 29 0 21432y 4 5 6 35 125 24 91 61 29 0 21u320
HAW €O v oo 7 4 5 6 27 125 24 99 73 17 =3 214047 4 § 6 35 125 2u go 73 17 ~3 214046
PHASTING BURN
61 ¢B 0 0 42 4 5 6 35 124 23 B0 25 -64 9 215856 4 5§ 7 17 324 23 =gp 25 -6% 9 215859
ASC Cb U 0 42 4 5 6 35 126 24 7L 16 73 19 216349 4 5 7 17 126 24 71 17 73 19 216338
PRE CB ¢ 0 42 4 5 .6 35 125 28 99 S5 34 =5 214506 4 5 7T 17 125 26 99 S5 34 ~5 234499
CaAR CB 0 9 42 4 5 vt 35 125 24 91 61 29 0 214320 4 L} 7 17 125 24 91 61 29 =1 214313 h
HAw CB [ ¢ u2 4 5 6 35 125 24 99 73 17 =3 214046 4 Y T 17 125 24 Qa 73 16 =3 234040
COAST AT BURN ATTITULE =
611 ¢B 0o 7 60 4 5 7 A7 124 23 -B0 25 ~65 9 215859 ¢ 5 15 17 124 23 =79 24 =66 10 215995
AsC c ¢ 7 60 ¢ 5 7 17 126 24 T1 17 73 19 216338 4 S 15 17 126 24 71 1A 71 1B 236307
PRE CB v T 60 4 5 7 17 125 24 99 55 34 -5 214499 4 5 15 17 126 24 101 57 33 =6 21451
CAR B 0o 7 60 4 5 T 17 125 2¢ 91 61 29 =1 214313 n 5 15 17 126 24 g2 63 27 =1 234328
HAW Cb o 7 60 408 T 17 125 26 99 T3 16 =3 214040 4 & 15 17 125 24 101 7% 15 <3 21u07S
COASYT To JETTISON DESCENT STAGE
ASC Cu (TR L 4 5 15 17 1ee 24 71 1A 71 18 216307 4 S S0 0 126 23 74 2% &4 15 217350
PRE CH 0 3% Sy 4 5 15 17 126 24 103 5§57 33 -6 214511 4 5 50 11 126 23 109 6% 25 =B 21577
CAR CB C 34 S8 405 1b 17 126 24 Y2 63 27 ~1 214328 4 % 50 15 126 24 48 TN 19 =% 215612
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VeErIChe

haw

Cn
Ci:

ot

Cu
(o]

b

Co

Cir

[INOEFIN

U

B1e)

25

ia

14

14

1l

13

TAlkt
TRALKING TG

BAS bl SEC

1
17

2o

47

“i

DAY eG4 50C

79

STATLION ACLUISITICH DATA

“* € 35 o1 12s

[ o 39 33 125

LreBESCEnT GTAGE JETTISCH &

4 6 93 26 125

4 6 53 26 126

4 6 33 2u 126

“ & 53 26 126

Lt ASCTLT ETRO HUkh. @

v £ 33 36 125

LoBS Im 12A
4 oo 33t 126
4 6 ha s 126
4 38 e 12k

COAST T IniRTION

A LEC

23

23
24
24
24

24

23

.

Az gbv
161 78
~79 24

76 37
117 81
128 72

-12y 84
-67 9

-65

77
137
131

=116

77
137
131

-11e

77

137

40
75
84
82

Au

81

40

75

X v
15 =3
-66 10
53 11
8 -4
14 =11
-4 -y
-81 23
-83 25
50 10
11 ~11
5 -4
-8 -4
-83 25
49 10
11 =11
5 =y
-5 -4
-83 2%
49 1o
11 11

RANGE
214075
215995
216578
215233
215349
215204
218086

217485
215661
214557
214457
214473

217479
215652
214549
214449

214465

217477
215649

214547

DAY HRS MIN SEC

4

y

5

5

o

o o

[

50
50
53
53
53
53
53

53
53
53
53
53

53
53
53

53

18
34
26
26
26
26
26

36
36
36
36
36

38
38
38
38
38

ua

26

RA DEC
126 24
125 23
126 24
126 24
126 24
126 24
125 23
125 23
126 24
126 24
126 24
126 24
125 23
126 24
126 24
126 24
126 24
125 23
127 24
126 23

AZ ELV
118 &2
-74 17

77 40
131 84
137 75

~116 82
-65 6
-65 6

77 4o
137 75
131 84

-116 81
-65 6

77 4o
137 758
132 84

=116 B
-€b S

7R 42

a4 76

STATION TERMINATION DATA

X Y

7 -4
-72 15
50 10
5 -4
11 =11
-B =4
-3 25
-83 25
49 10
11 =11
5 -t
-8 =4
-33 2S5
49 10
11 -t
5 =4

[ Q"'
-ay 26
u7 9
9 -11

RANGE
215451
217820
215661
214457
21u557
214473

217485

217479
215652
214549
214440

2144658

217477
215649
214547
21ub46

214463

217220
21%132

21410%
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CAR

HAW

PHE
CAR

Haw

PRE
CAR

ASC
FHE
Cnk

Haw
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PrE
Chn

HAW

AsC

PhE
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Cu
v

Ccu

cy
co
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RADAR
THACKTING
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[

Y [7)
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0 v
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0 7]
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u 18

v b
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U e

U de

[URPER
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G 2

v 2

JALLE

Tiec

SEC
47
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lo
1e

16

STRTION ¢

DAY hkS FiIn SEC
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LLILawvL FO2

g 7
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. 7
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INGY T
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4 7
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“ N
CuiaT
" 7
“ 7
+ ’
4 7
+ 7
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+ T
- 7
Loy
4 7
4 7

5% 34 126
53 38 1760
INSERTLS
N 6 107
s oAb 176
SEEEP T 24
S 2 1ot
Lokt JuRn
3 29 127
3 29 a6
3 29 126
K] RIS P2
T b dy G
SRR g
Bo4h 1
CEERA I S
oot et
[N A TR
SLoons 1207
S1oah e
TSR
21 L et
Ty Cal
4 0 127
By 40 107

LTIOLTIe,
HA LEC AZ
24 132
2u =11¢
t. RORE,
Py 78
23 14y
24 149
2u =110
ris 78
3 14y
24 149
‘bo=11D

[TV T
24 7w
SA 0 by
T jua
Suo=110

poA Trae
]
PRI Rt
73 -1ty
ey =10y
ER I
28 =177

80

OATA

LV X
8y 5
81 =
42 47
76 G
AR 3
80 =10
42 L7
76 9
a5 3
81 -14
SACKTI
42 u7
76 3
LI
LTt B
KT 4
4f Ll
77 Bl
LAYt
7h =1
51 3%
783 -1

Y

"

-4

-1t

-4

-4

B

-11
~4

-5

el

-1

o

-4

=1z

-y

~

-tz

RANGE
214446

214403

215132
214108
214015

Zinish

215130
214103
214013

PR RT LAY

2lhlle
214
2laiul

2lunah

2144852
213907
Cltety

D18

215627

21093y

MY Hes

4

7

7

I

3

3

nEC
26

26

4%
45

45

A

160

DF¢

24

STATION TERSIHAT L0

.%4
149

“t10

75

e

=110

1u4
149

-110

-1

=104

DATA
ELv X
ARG 3
R0 =18
(13 nr
76 Q
e 3
bn o -gp
u> 47
75 A
Ay 3
an =qn
WA (3
T? n
T
TR ~tn
51 a
71 =1
(R
T .y
<1 3R
73 -1

Y

-4

-G

-1

1
£

-0

=11

-4

s

-1

nAMGE
23uMs

2146087

Pyar
PR

2yunn 4

2y

FARERY
214094
21uNna

2ta0nun

Pranan
"_:' e 7

EIRTE

296627

PR

EEIR

RN

RERIITE



VihiCue

Cak Cb

Haw Cu

CaAR €3

Cyi co
ASC Cu
Pré Co
Cart Co

Pain Co

Gyl cos

Pice. Cis
Caun Coo

Haw CO

AsC Cu

PrE Cn

< hiaDAR TauLk

TRACKING TInve

tiRg MIN SEC
v ¢ 99
v S o
o 11 37
0 1 1
1} 9 54
[1] 9 48
u 9 42
v 7 60
") 7 60
v 7 o0
1) 7 6y
L 7 oy
v u f
U G 7
u v 7
[\ u t
7 U T
[
u 3wy
v s oL

STATION ACHUTISITION DATA

OAY Bk ML SiC
4 7 44 40
4 Toab 0

CS1 HURY

RA DEC AZ £LV
127 23 =125 82
126 23 =99 71

8l

X ¥

"
-19 =3

CUAST TU wiiDEZVOUS PANAR TRACK ING

RE mLZVYOUS

4 & 33 4
4 £ 34 40
4 8 3 a7
4 A 34 53
4 a 34 59

T2 Con

4 8 44 41
+ LR TS |
4 544 gl
& & 4.yl

n R L e

+ [ TS
4 Foooe wl
3 : Be 4l
4 2 oS¢ 4l

“ # b ul

CuasuT TU
+ RooHe ey
5 L PSR %<}
4 I RYZEY

126

128
127
126
1zo

126

128
127

lee

RADAR TRACKIHG »

23 ~100 72
23 68 Q
23 81 62
23 =132 73
23 =91 60
*
23 68 11
o3 A2 65
23 =127 72

23 69 13

23 B2 66

23 =123 70
23 =97 68
23 =kg 56

23 69 13
23 f2 6k
#3 =123 7n

-18
81
27

-13

=30

78
25
-15

=32

77
23
-17
-22

-3y

RENDEZVOUS, PADAR TRACKING

70
23

-17

-3
22

~11

o

21

£

-1

W

o

21

L]

-11

-2

21

-11

RANGE
214887

215039

215248
217901
215385
215137

215446

217239

216752
214370
214281
214335

214668

216745
214365

214277

STATION TERMINATION DATA

DAY HRS MIN SEC

4 7
4 7
4 8
u 8
4 8
4 8
4 8
“« 8
4 8
4 8
v 8
v 8
w8
w8
4 &
4 8
y A
4 &
“ 8
u R

47

u7

4g
4y
4y
4y

44

52
52
52
52
52

52
52
52
52

52

56
b6
56

39

46

41
41
41
41

41

41
41
41
41

41

48
48
48
48

48

48
48

4e

RA DEC a2 ELV
127 23 =122 82
126 23 ~98 70
126 23 =98 Tn

128 23 68 11
127 23 82 6%
126 23 =127 72

126 23 ~9p S8

128 23 69 13
127 23 g2 66

126 23 =123 79
126 23 =07 68
126 23 -g9 56

128 23 69 13
127 23 82 66
126 23 =123 70
126 23 97 6A
126 23 -9 56

X Y
-7 -4
~19 =3
-230 =3
78 21
EL
~-15 -11
-32 4
7?7 21
23 3
17 =11
=22 =2
-w 1
16 21
23 3
=17 =11
=22 =2
-3 1
76 21
23 3
-17 =1n

RANGE
215043

215210

214685
217239
214800
214643

214999

216752
214370
2tu281
214335

211668

216748
214365
214277
214330
214663

216543
214191

214136



82

vehiiche 2 hal'AR TACLLE

TRACKING TIME GTATION oC UISITION DATA o yaTrON TERVINATIC: DATA
HRS MIN SEC DAY HKS NIl SEC  RA LEC  AZ FLV X Y RANGE anY MRS ~IN SEC  RA DEC Az ELV X Y RANGE
CaR CB Y S &y 4 B 52 4B l2u 23 =97 6B =22 =2 214330 4 a 56 48 126 23 =96 67 -23 =2 214196
HAR Cb 0 3 6u W 6 i 48 12k 23 =Po 56 =36 1 21u663 W & 5 B 126 23 =g 55 =35 1 21453P
HEIGEZVOUS 1RADAR TRACKING *

cYI Cb v 18 6u W 8 6 46 128 23 69 13 To 21 2lebs3 W o 15 um 128 23 0 17 7L 27 21h142

ASC Cd [ TRV T I oy 82 67 23 3 214191 4 & 15 uwp 128 23 82 71 19 2 213932

PRE Co v 1la 60 + - we of 127 23 =122 70 =17 -lu 214136 “ g 15 48 187 23 =11% 66 =22 =10 214035

CAK (o U lb 6L W e an an 196 08 =96 67 =23 =2 214lYc B 14, &% 187 23 ens RY =27 -2 214121

Haw Cu 0 le ou 4 oo npb leh 23 =B 55 =34 1 2lubhak W v 1h bk 127 23 -f7 §1 «139 2 216508
CORLT T Ty -

€Y1 Cu 0 13 10 4 g 1y u48 128 23 20 17 71 20 21plu2 n 4 A S99 128 23 20 20 69 19 216423 .

ASC Ci u o131 0 a 15 4B 126 23 82 Tt 19 2 213933 u g pA 59 128 23 gx T4 16 2 214321

Frb Cu v L3 Ly " G FETEEL S Paly SRR B § ) 66 =22 =10 2140550 i a s4oma 127 23 111 bl =2y =0 2110533

Cak Co 0 19 v . A oao LT LT =84 B3 =ai =k 2ialed “ ¢ phoota 3e7 23 =g RO =30 w1l 2yub3h -

Haw Cb u 18 v " Gty b Lol 23 =k 51 3N 2 214505 " fophoone 327 23 =pf 4R =42 T opyelyn
THL bU .

Gyl oce u 0 it “ oom L8 dec P30 T60 200 pY 19 2Qebed ‘. G e 18 iR 23 70 21 A% f 216022

AsC Cb [V [(E U b ‘ aoouby e IR 05 S A N Soo1u ) " [T I 188,23 £ 1A FRREURARR]

Fhe Cu u u 1o " T T A S D =9 Do u G o 1n 127 23 =111 A =2u -0 21nSuk

Can Cb u u ol 4 G osn U 127 2) =92 BN =3D =1 210536 « G 2o 15 127 23 =62 AN =0 -1 21u650

Hian Cu U v 1u “ o k3 Vo127 ot =Ba B9 =be 3 215049 . G oz 1H 127 23 eph 4R =02 A 23=Ne™
Contl o pnT MUART G SATE .

Crl Cu PR K K AT & I G 7620 HY 149 21luibie 4 VTS S P U 71 21 A& R 21£771

ASC Cis (PR L I 2 “+ LR I A Ay T e PN TR t [T BRI B IR St | 7?17 2 21021

o

Pk Co PR LR ) B Gy 1h 127 a3 =111 b4 =2e =3 2luhet " WoBX b6 127 23 =107 Ry =2R - 215 %6




Y

VeHICLL

CAR Cb

Haw (8

VERILLL

LY#M

GLo

Hiaa

N

AAL

oL

Cha

o
P2

2 RADAR
THRACKING
HRS ML

0 14

o 14

RKAJAR
TRALKING
HES AN
T 43
1 27
“ 3
> 54
4 27
13 4
% 7

TAGLE

TIME

DAY HRS MLl SEC RA UEC  AZ ELV X Y RANGE
4 9 26 15 127 23 =92 60 =30 =1 214650
4 9 29 15 127 23 =Bg 48 =42 3 215063

COAST TO 204l BRAKING GATE *
CUAST TO 3RO BRAKING GATE [}
3RO BRAKING MANEUVER
COAST Tu 4TH BRAKING GATE .
4TH BRAKING MANEUVER *
CUAST TO STH BRAKING GATE -
STh BRAKING MANEUVER
COAST TU DOCKING *
APS BURN TO DEPLETION
STATILd ACQUISITIUN vATA
CAY HkS MIN SEC  RA DEC  AZ £LV X Y RANGE
4 13 7 S 128 22 -72 14 -To 18 215112
4 13 7T 9 128 22 -77 21 -3i -6b6 215708
+ 17 3129 23 -82 S0 =34 5 214081
4 13 7T 9 129 24 16 25 =bu 14 215247
4 1& 3 17 135 23 68 5 ~I17 67 226132
5 2 22 2% 143 11 73 5 =Te 72 245787
5> 17 35 52 14% 15 €8 5 =171 ol 267195
17 MAY 65 72,1 CJAST AFTER APS sukid Tu DEPLETION

83

STATION AC,UISITIon DATA

STATION TERMINATICN DATA

DAY HRS MIN SEC

4
4
UAY HRS
4 13
4 14
4 17
4 19
5 22
5 1§
5 27

9 43 s2

9 43 55

MIN

52

34

10

26

43

RA DEC
127 23
127 23

AZ
~90

-84

ELV X
57 =33

45 =45

STATION TERMINATION DATA

SEC
56
27
30
45
36
53

27

KA

DEC
22
21
21
zl
11

13

-68

-67

=-7¢

107

=78

AZ ELV X A
5 -85 22
S =77 -67
5 -85 27
5 -8( -6n
35 23 52
5 -67 -7
5 -75 ~171

-12

Y RANGE
0 215493

4 215941

RANGE
218034
219483
224872
228817
Elvaeine
28r8ce

296270




17

VEH

VEH

VEH

VEF

VEH

VEK

VEH

8L

TABLE 2.0-1X. = MISSION SHADOW TIMELINE
(@) CSM

LIGHTING CONDITION FOR VEH 1

MAY 69 T72.1 COAST FROM EQOI TC TLI
IN 5”& L IGHT AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

ENTERING FARTH PENUMBRA 0 3 32 22.5

0 0 0 T.8
ENTERING EARTH UMBRA 0 0 32 30.3

0 o 37 11.8
ENTERING EARTH PENUMBRA n 1 ] 42.1

0 0 0 8.3
ENTERING SUNLIGHT 0 1 9 5Ce4

Q D 50 39.7
ENTERING EARTH PENUMRRA 0 2 9 30.1

0 0 0 7.8
ENTERING FARTH UMBRA 0 2 2 38.0

17 MAY 69 72.1 COAST FRCM TLI TO LOT 1



17

VER

VEH

VEH

VEH

VEH

VEH

VEH

17

VEH

85’

LIGHTING CONDITICN FOR VEH 1

MAY 6% 72,1 CODAST FROM LOI 1 TO LOI 2

IN SUN LIGHT AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS  DAYS HRS MINS SECS

ENTERING LUNAR PENUMRRA 305 12 34,4

0 0 0 13.0
ENTER ING LUNAR UMBRA 35 12 4T.4

0 0 46 28.1
ENTERING LUNAR PENUMBRA 3 5 59 15.5

0 0 0 15.4
ENTERING SUNL IGHT 3 5 59 30,9

0 1 21 32.4
ENTERING LUNAR PENUMBRA 307 21 3.4

0 0 0 14.4
ENTERING LUNAR UMBRA 37 21 17.7

0 0 46 29.3
ENTERING LUNAR PENUMBRA ~ 3 8 7  47.0

O 0 0 1246
ENTERING SUNLIGHT 38 7T 59.6

' 17 MAY 69 72.1 COAST FROM LOI 2 T0 LM SEPARATION
LIGHTING CONDITION FOR VEW 1

MAY 69 72.1 COAST FRAM TLI TC LAl 1

IN SUN LIGHT AT PHASE INITIATICN

TIME SPENT IN REGION
CAYS HRS MINS SECS DAYS HRS MINS SECS

17 MAY 69 T2.1 COAST FRCM LOT 1 TO LOT 2



17

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VFH

MAY 69

IN SUN LIGHT

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTER ING

ENTFRING

ENTERING

ENTERING

ENMTERING

ENTERING

72,1 COAST FROM (DI 2

LUNAR PENUMRRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMRRA

LUNAR UMRRA

LUNAR PENUMRRA

SUNLIGHT

LUNAR PENUMRRA

LUNAR UMBRRA

LUNAR PENUMRRA

SUNLIGHT

3

86

9

10

10

11

11

12

13

13

14

le

AT PHASE INITIATIGN

21

N
~nN

29

29

19

19

LIGHTING CONDITION FOR VEH 1

TC LM SEPARATION

DAYS HRS MINS SECS

5843

14,3

25.0

41,0

51.2

5345

17.7

28.5

33.3

48.2

46

12

45

12

46

TIME SPENT IN REGION
DAYS HRS MINS SECS

10.7

16.0

10.2

59.3

10.6

1645

17.8

14.9




VEH

VEH

VEH

VEF

VEH

VEH

VEH

ENTERING
ENTER ING
ENTER ING
ENTERING
ENTERING
ENTER ING
ENTERING
ENTER!NG
ENTERING
ENTER ING
FNTERING

ENTERING

LUNAR PFNUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLTIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRRA

SUNL IGHT

LUNAR PENUMRRA

LUNAR UMBRA

LUNAR PEMNUMBRA

SUNLIGHT

87

LIGHTING CONDITION FOR

DAYS HRS MINS SECS

315
3 15
3 16
3 16
3 17
3 17
3 18
3 18
319
3 19
3 20
a2 20

17

18

16

16

15

15

51.3

11.3

22.1

49.1

4843

58.5

14.7

2544

31.9

41.4

VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

1

12

46

12

45

12

46

3.0

15.1

10.8

16.4

10.6

59.2

10.2

16.2

10.7

10.3



VEK

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTER ING

FNTERING

ENTFRING

ENTER ING

ENTERING

ENTERING

ENTERING

ENTFRING

ENTERING

ENTERING

ENTER ING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMRRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMRRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

88

LIGHTING CCNDITION FOR VEH 1

DAYS HRS MINS SECS

w

17 MAY 69 72.1

21

22

ra
N

23

23

1

13

14

53

59

11

11

57

57

52.1

19.C

35.5

4603

50.6

12.0

2245

2845

13,0

TIME SPENT [N REGION
DAYS HRS MINS SECS

0

1

12

46

12

46

12

46

107

16.5

1746

10.5

COAST FRCM LM SEP TO LM JETTISON




17

VEH

VEH

VEH

vER

VEH

VE K

VEH

VEH

VEH

VEH

89

LIGHTING CONDITICN FOR VEH 1

MAY 69 72,1 COAST FROM LM SEP TO LM JETTISON

IN SUN LIGHT AT PHASE INITIATICN
DAYS HRS MINS SECS
ENTERING LUNAR PENUMBRA 4 3 9 52.8
ENTERING LUNAR UMBRA 4 3 19 3.6
ENTERING LUNAR PENUMBRA 4. 3 56 9,0
ENTERING SUNLIGHT A 4 3 56 12.5
FNTERING LUNAR PENUMBRA 4 5 3 29,2
ENTERING LUNAR UMBRA 4 5 8 38.R
ENTERING LUNAR PENUMBRA '4 5 54 44.8
ENTERING SUNLIGHT - 4 5 54 5542
i« ENTERING LUNAR PENUMPRA 4 7 7 8.7
ENTERING LUNAR UMBRRA 4 7 7 17.9
ENTERING LUNAR PENUMBRA 4 7 53 2l.4
ENTER ING SUNLIGHT 4 7 53 32.3

TIME SPENT IN REGION
DAYS HRS MINS SECS

0 0 0
0 0 46
0 9 0
0 1 ‘12
0 OA 0
0 0 46
0 0 0
0 1 12
0 0 0
9 0 46
4 0 0

10.7

16.7

10.6

10.4

13.5

10.9



90

LIGHTING CCNDITIGN FNR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

Q 1 12 17,5

VEH ENTERING LUNAR PENUMARA 4 9 5 49.8
0 O 0 10.8
VEH ENTERING LUNAR UMBRA 4 2 8 s
n N 46 2.1
VEH ENTFRING LUNAR PENYMRRA 4 3 52 2.8
0 0 0 11.7 ’
VEH ENTFRING SUNLIGHT 4 9 52 1446
0 1 12 11.9
VEH ENTERING LUNAR PENUMBRA & 11 4  26.6
0 0 0 10.5
VEH ENTERING LUNAR UMBRA 4 11 4 37.1
0 0 &b 5.1
VEH ENTERING LUNAR PENUMBRA 4 11 52 42,1
0 0 0 10.5
VER FNTERING SUNLIGHT 4 11 53 52,7

17 MAY 69 72,1 COAST FRCM LM JETTISCN TO TEI




VEt+

VEH

VEH

VEH

VEHM

VEH

VEH

VEH

VEH

VEH

91

LIGHTING CONDITIQON FOR VEH 1

MAY 69 72.1 COAST FROM LM JETTISON TO TEI

IN SUN LIGHT AT PHASE INITIATIQON

DAYS HRS MINS SECS

ENTERING LUNAR PENUMBRA & 13 3 10.9
ENTERING LUNAR UMRRA 4 13 3 2146
ENTERING LUNAR PENUMRRA 4 13 49 27.9
ENTERING SUNLIGHT 4 13 49 30.8
ENTERING LUNAR PENUMBRA 4 15 1 47.2
i ENTERING LUNAR UMRRA 4 15 1 57.8
ENTERING LUNAR PENUMRRA 4 15 43 3.1
ENTERING SUNLIGHT 4 15 43 13.5
ENTERING LUNAR PFNUMBRA 4 17 R 2644
ENTERING LUNAR UMBRA 4 17 P 34.8
ENTERING LUNAR PENUMRRA 4 17 45 39.8

ENTERING SUNLIGHT 4 17 45 5047

TIME SPENT IN REGION
DAYS HRS MINS SECS

0 o 0
0 N 46
0 o o
0 1 12
0 0 0
0 N 46
0 N0
0 1 12
0 0o 0
0 N 46
0 0 0

10.7

16.4

10.6

1%.4

12.9

1%0.9




VEH

VEH

VEH

VFEH

VEH

VEH

VER

VEH

VEH

ENTERING

ENTER ING

ENTER ING

ENTERING

ENTER ING

ENTER ING

FNTFR TN

ENTER ING

ENTFR ING

ENTER ING

ENTERING

ENTER ING

L UNAR PENUMRRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PFNUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PFENUMRRA

SUNLIGHT

92

LIGHTING CONDITION FOR VFH 1

TIME SPENT IN REGIIN

DAYS HRS MINS SECS DAYS HRS MINS SFCS
0 1 12 17.1
4 18 59 Te8
0 n £ e

n D46 2.1
4 13 45 20.7
0 2 0 12.”°
4 19 45 33.5
0 1 12 11.0
4 2" 8T 44,5
[l 0 0 10.5
4 20 57 5541
o N 46 5.4
4 21 44 o5
o} N 3 10.°
4 21 44 1la.2
¢ 1 12 RS
4 22 5% 2C4h
n E C 14
&4 22 54 34,4
J T 46 2el
4 23 42 36,7
¢ n 2 10K




VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTER ING

ENTFRING

cNTERING

FNTERING

ENTERING

ENTER ING

ENTER ING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTER ING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENHMARA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENHMRBRA

SUNLIGHT

93

LIGHTING CONDITIAON FOR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 1 12 17,1

0 0 0 10.9
5 0 55 15.5

0 N 46 6.4
5 1 41 21.9

0 0 c 8.3
5 1 41 30,2

0 1 12 11.9
5 2 53 42.1

0 0 0 10.4
5 2 53 52.5

0 0 46 5.2
5 3 39 57.7

0 0 C 17.7
5 3 4) 8.3

0 1 12 16.4
5 4 52 24,7

0 0 0 l.8
5 4 52 26.5

0 0 46 7.3
5 5 23 33,8

o 0 o] 10.6
5 5 38 44,5



VEH

VEH

VEH

VEH

17

VEFH

VEH

VEH

ENTER-ING

ENTERING

ENTER ING

ENTERING

MAY %9

72.1

gl

LIGHYING CCNDITION FNR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SFKCS NAYS HRS MINS SECS

n 1 12 17.1

LUNAR PENUMRRA s 6 51 1.5

LUNAR UMBRA 5 6 51 12.3

0 0 46 442
LUNAR PENUMBRA 5 7 37 16.6

0 0 G l4.6
SUNL IGHT 5 737 31l.1

17 MAY 69 T72.1 COAST FRCM TET 70O ENTRY

IN SUN LIARHT

LIGHRTING CCNDITICN FNR VEH 1

COAST FROM TET TO FNTRY

AT PHASF INITIATICN

TIME SPENT IN RFGION

DAYS HRS MINS SECS NAYS KRS MINS SECS

ENTERING EARTH PENIIMRRA T 22 55 54.1
0 A0 1249

ENTERING FARTH 1IMBRA T 27 s7 7.1



*

95

TABLE 2.0-1X. - MISSION SHADOW TIMELINE - Concluded
(b) LM

LIGHTING CONDITIQN FQR VEH 2

RENOEZVUUS RADAR TRACKING s

LUNAR PENUMBRA VEH EN AT PHASE [NITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS
VEH ENTERING LUNAR UMBRA 4 3 9 S7e5

COAST Tp DOj BURW ®

ULLAGE FOR DOI BURN

DOL BURN

RENDEZVOUS RADAR TRACKING e

LIGHTING CONUITION FOR vEH 2

RENDEZLZVOUS RADAR TRACKING ®

LUNAR PENUMBRA VEH EN AT PHASE INITIATION
TIME SPENT IN REGION
UDAYS HRS MINS SECS DAYS HRS MINS SECS
VEH ENTERING SUNLIGHT 4 3 56 1846

COAS!T Tg PHASE MAWEUVER

LIGHTING CONDITION FOR yEH ¢

COAST TO PHASL MANEUVER

LUNAR PENUMBRA VEH £N AT PHASE INITIATIUN
TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HKS MINS SECS
VEH ENTERING LUNAR UMBRA 4 5 1 Jea.U

ULLAGE FOR PHASIG BURN

PHASING BURN

COAST AT RURN ATTTITUDE e

CUAST TO JETTISON UESCENT StaGt




96 -

LIGHTING CONDITION FOR VEH 2

COAST TO JETTISUN DESCENT STAGE

LUNAR PENUMBRA VEH EN AT PHASE INITIATION
Tink SPENT IN REGIOWN
DAYS HRS mnINS StCS DAYS HRS MINS SECS
VEH ENTERING SUNLIGHT 4 5 4y SU .5

LM=0OLSCENT STAGL JETTISON

L ASCENT RETRY BUKRN e

COAST TU INSERTION e

ULLAGE FOR INSERTIOUN BURN

INSERI TOY BURN

CUADT TD RENDEZVIU> KADAR TRACKING ¢

LIGHTING CUNDITION FOKR VEH 2

COAsT YO REWDLLVOUS RAVAR TRACKING o

LUNAR PENUMBRA ven EN AT PHASE INITIATION
1imt SPENT IN REGION
DAYS MRS MINS SeCS UAYS HHS MINS SECS
vEH ENTERING LUNAR UMBRA 4 7 8 20,7

RLWDEZVQUS RACAR TRACKING

CoAanT Tu CS1

CS! BURN

COAST TY RENDEZvUUS RADAKR [RACKING o

LIGHTING Conulijon FON vEH 2

COasT 10 RENDELVOUS RAVAR TRACKING »

LUNA PENUMbIRA VEH EN AT PlASE iwlTlATION
TIMe SPEND IN REGION
UAYS HRy BINS HLCS DAYS HRS MINS SECS
VEH ENTLRING SUNLIGHT 4 7 57 dal

REQDEZVUUS NADAR TRACKING o

COAST Tu Cpn .

COH BURN .

COAST 10 RENDEZVOUD RADAR TRACKING
RENDEZVOUS KAUDAK IKACKING o
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LIGHTING CONDITION FOR VEH 2

RENDEZVUUS KADAR TRACKING e

LUNAR PENUMBRA VEH EN AT PHASE INITIATION
TIHE SPENT IN REGION
DAYS HRS MINS SECS UAYS HRS MINS SECS
VEHd ENTERING LUNAR UMBRA 4 9 6 11,3
COAST TO Tpi .
TP1 BURN -
CUOAST To ST ARAKING GATE .

LIGHTING CONUDITION FOR VEH 2

COAST TO 15T BRAKING GATE .
LUNAR PENUMBRA vern EN AT PHASE [NITIATION
TIME SPENT [N REGION
DAYS HRS MINS StCS DAYS HRS MINS SECS
VEH ENTERING SUNLIGHT 4 g L2 3744
COAST TO 2ND BKAKING GATE -
COAST To 3RD BRAKING GATE .
1S1 BRAKING MANEUVER .
COAS! 10 4TH BRAKING GATE .
ZNU BRAKING MANBUVEK .
COAST Tu 5TH DBRAKING GATE .
JRU BRAKING MANEUVER .
cOaST To DOCKING .

LloHTTN G CONCT TN

oY o 72,1 CULST AFTEX APS BURN TO OLPLET iy

vt L wbuNaa UM 3rA AT PHASE TWITIATION
Tide sPeaT N REGION
DaYS HES MINS SELS DAYS riK> AINS SECS
Vorn DTS ING Ldnak PeNUMnA 4 14 37 43,3

'
L
(e
[

Vo enTern e Suivk TUHT “ R
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TABLE 5.5-I.- SUMMARY OF EVENTS FROM TLI CUTOFF THROUGH LOX DUMP
Time from Time from TB-T Event ?V; Comments
TLI ignitiona sec p
0 Hold cutoff attitude
20 Command and hold local
horizontal
900 Initiate maneuver to
separation attitude
1200 Freeze separation attitude Latest time for
inertially maneuver to be
completed
1800 1500 Begin SC separation/SLA 0.8
Jettison
1835 1535 Null 0.3 fps separation .3 | ~X RCS
rate
1840 1540 Pitch 180° (sC) 1.5/deg/sec
Null pitch
1960 1660 Start roll 60° .5 deg/sec
2080 1780 Null 0.5 fps separation 1.5 | +X RCS
rate and initiate 1 fps
closing rate
2230 1930 Null 1 fps closing rate 1 -X RCS
2235 1935 Begin dock Estimated worst
case dock
completed by
TLI plus 1.5 hr
5700 5400 LM/C3M undock from S-IVDB 1.6 | Spring ejection
and 5 sec =X RCS
5800 5500 Maneuver to evasive Pitch down 75° with
maneuver attitude respect to local
horizontal
0.5 deg/sec rates
6300 6600 Begin SPS evasive maneuver 20 | SPS between 1:35
and 1:50 after
TLI
T500 T200 Receive ground command to Earliest possible
sturt TB-8 time to initiate
TB-8
7505 T205 Start maneuver to LOX dump Local horizontal
attitude attitude
pitch = 194°
yaw = 0°
roll = 180°
8200 7920 Initiate LOT dump 120

"Phe SC maneuver times will be referenced to TLI ignition, the LV maneuvers to TB-T.

bThc times of the SC maneuvers referenced to TB-T7 (column ) are approximate and

based on u 300-second TLI burn time.

These times will change as TLI burn time changes.
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TABLE 5.7-I.- TARGET LOAD FOR LOI-1

[Propulsion system:

tIG’
AVX, fps . . . .

AV fps . . .

YS
AVZ, fps .

Weight, 1b .

r.0.93365762
-0.07075493

~-0.35110853

o

IGA, deg . . . .
MGA, deg .

OGA, deg .

hr:min:sec, g.e.t.

(e)

(a) Target

(b) REFSMMAT
-0.3Lk652012
-0.42639754

-0.83552915

Gimbal angles at t

SPS, guidance:

IG

external AV]

76:08:17.58
-286kL.9
L3,

-92.0

93 133

-

-0.090594013

0.90176432

~0.42262731 J

221
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TABLE 5.8-I.- TARGET LOAD FOR LOI-2

[Propulsion system:

tIG’ hr:min:sec, g.e.t.

AV fps . . .

X’
AVy, fps .

AV fps .

Z’
Weight, 1b . .

0.93365762
-0.07075493

LTO.35110853

IGA, deg « v v o v o« o o

MGA, deg .

OCA, deg . . .

(a) Target

(b) REFSMMAT
-0.34652012
-0.42639754

-0.83552915

Gimbal angles at

t

SPS, guidance:

IG

external AV]

80:32:11.97

-
-0.090594013

0.90176k432

—O.h2262731.J

-137.5
0.0
-k, 0

70 162

210

359
360
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TABLE 5.11-II,. TARGET LOADS FOR DOI MANEUVER

[Propulsion system: IM DPS]

(a) Target
t;g» brimin:sec, g.e.t. e e v « « « . 99:54:12.0
AVx, fps . . o e =T2.77
AV 5 FDS v v v v e e e e e e e e e e e e e e 0.0
y> P8
AV, £PS « v v e 2.2h
Weight, 1D v & v v v v v v e e v e e e e e e e e 31 21k4.5
(b) REFSMMAT
[ ] - - i
X .93365762 -.34652012 -.0905940137) [
Yoyl = -.07075Lk92 -.42639752 .9017643L YI
Zenr | -.35110854 -.83552916 -.k2262729 | A
- L _
(¢) Gimbal angles at trg
IGA, deg v v v v v v v v e e e e e e e e e e e e -71.5
MGA, QB « v v v v v v et e e e e e e e e e e -0.3

OGA, deg . v « v v v vt vt e e e e e e e e e e 0.1
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TABLE 5.11-IIT,- TARGET LOADS FOR PHASING MANEUVER
[Propulsion system: LM DPS]
(a) Target

trgs brimin:isec, giest. ..o .o 101:06:34.9

AVX, i = 173.02
AVy, fps o ¢ v v L e e e e e s e e e e e e e e 0.0
AVZ, FPS v v vt e e e e e e e e e e e e e e e e -86.62
Welght, 1b . . « + ¢ v v ¢ v o v v o v v o o o o o 30 952.1

(b) REFSMMAT

F - . ~
Xay 193365762 -.34652012  -.09059%013] [X,
Yo | = -.07075k492 -.k2639752 .90176L34 ¥
ZSMJ | -.35110854  -.83552016  -.h2262729 | L?I \HBY
. =

(c) Gimbal angles at t

IG
IGA, dAeE v v v v v e v e et e e e e e e e e e =97.8
MGA, deZ + v ¢ v v o v & + o 4 4 4 e e e e e e e -0.3
OGA, e + v« v ¢« v ¢ v o v e 4 e v e e e e e e e 0.0
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TABLE 5.11-IV.- TARGET LOADS FOR INSERTION MANEUVER

[Propulsion system: IM APS]

(a) Target
tIG’ hr:min:sec, g.e.t. . « ¢ ¢ ¢ ¢ v v v 0 e v 103:03:29.2
AVX, TPS ¢« v v e e e e e e e e e e e e e e e e -190.11
AVy, TPS © v v et e e e e e e e e e e e e e e e 0.0
AV 5 TDS o v v v v v e e -96.70
Weight, 1b . & « v v v v v v vt e e e e e e e e 8380.1
(b) REFSMMAT
A q I
(kSM [~ .93365762 -.3k652012 -.090594013 x??
YSM = ~-.07075k92 -.42639752 .90176L34 Yo
L?SM | -.3511085Lk -.83552916 -. 42262729 | Z: | sy
— L,d
(c¢) Gimbal angles at too
TGA, GEE v v v v v v e v e e e e e e e e e e e 61.0
MGA, A€ . v ¢« v v ¢ « 4 o 4 e e e e e e e e e 0.3

OGA, deg . . v v v v v ¢ v v s e e e e e e e e e -180.0
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TABLE 5.11-V.- TARGET LOADS FOR CSI MANEUVER

[Propulsion system:

(a)
tIG’ hr:min:sec, g.e.t.
AVX, fps
AV, fps

AV, fpS

Weight, 1b

(b)

[ x .7 ™ .93365762

-.07075L92

7 _-.3511085&

(c) Gimbal angles at tI

IGA, deg
MGA, deg

OGA, deg

Target

REFSMMAT

.3k652012

42639752

.83552916

G

IM RCs]

103:54:39.9
50.32

0.0

0.0

8202.9

-.090594013) X

.90176434 Y

~.h2e62729 | |z

I JMNBY

105.8

-0.1
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TABLE 5.11-VI.- TARGET LOADS FOR CDH MANEUVER
[Propulsion system: IM RCS]

(a) Target

trgo nrimin:sec, .€.5. « + o v 4 o o o o o o . . 10k:52:41.1 )

AVX, ity o< -0.7

AVy, FPS v v v e e e e e e e e e e e e e e e e 0.0

AV , £PS v v v et v v e e e e e e e e e e e e 5.78
Z

Weight, 10 . & v v v v v v o e v e e e e e 8155.9

(b) REFSMMAT

— r——w
XS;W ™ .93365762 - .34652012 ~.090594013 ] X,
oy = -.07075k492 -. k2639752 .9017643L YI
L?SM _-.3511085L -.83552916 -. k2262729 | LzI —
(c) Gimbal angles at tIG
IGA, GEE v v v & v 4t e e e e e e e e e e e e -Th4.3
MGA, AEE « v v « v et e e e e e e e e e e e -0.3 v

OGA, deg . .« v v v v v e v e e e e e e e e 0.1
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TABLE 5.11-VII.- TARGET LOADS FOR TPI

MANEUVER

(Propulsion system: IM RCS]

(a) Target
tIG’ hr:min:sec, g.e.t. . . . . . .
AVX, fps
AVy, fps
AVZ, fps
Weight, 1b . . . « « « + «

(b) REFSMMAT
XSQW [~ .93365762 -.34652012
Yoy = -.07075k92 -.h2639752
Zenr _-.35110854 -.83552916

-
(c) Gimbal angles at to

IGA, deg
MGA, deg
0GA, deg

105:28:59,2

~.09059L013 ]

.90176L434

-.Lko262729 |

G

22.0

I
jwo}
}=t
93]

I{ MNBY

-159.1
=-0.2

-0.3
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TABLE 5.1L-I.- TARGET LOAD FOR TEI

[Propulsion system: external AV]

SPS, guidance:

(a) Target
t1g» hrimin:sec, = A 127:51:34.78
AVes £PS @ vt v e e e e . 3238.9
AVy, £PS « v v o o v v e e e -263.0
BV, TDS « v v v o v u oLk.7
Weight, 1b . . « . . . 37 858
(b) REFSMMAT
F-o.93365762 -0.34652012 -0.090594013
-0.07075k493 -0.42639754 0.90176k432
_;0.35110853 -0.83552915 -0.42262731
(¢) Gimbal angles at t,
IGA, QB « v + o v« v e w e e e . 50
MGA, deg . 357
OGA, deg . 180
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TABLE 5.16-II.- COMMAND MODULE MASS PROPERTIES

CM weight
Entry, 1b . « « v+ v ¢ o v o0 0w 12 121.5
Main chute deployment, 1b . . . . . . 11 56h.7
Splashdown, 1b . . . « « + « . . . . 10 902.5
Center of gravity in Apollo
coordinate system
X, in. 1040.9
YA’ in. e e e e et e e e e e e -0.2
Zps in. e e e e e e e e e e e 5.8
Moment of inertia
iy slug-ft2 . . . . v v v v e 5824
—ft2 :
IYY’ slug-ftZ . « v v v ¢ ¢ v e e v . 4826
I, sTug-ft2 + v v v v v e e e . W757
Product of inertia
_Pt2
Tpy» STug=fts o o v v v v L Ly
I STUE-TE2 © v v v v v e e e e e Lot

X7, )
IYZ’ slug-ft< . « « « « « ¢« . . 3
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TABLE 5.16-III.~ CONDITIONS AT ENTRY INTERFACE AND TARGET POINT

Elapsed time from launch, hr:min:sec
Inertial velocity, fps . . .
Inertial flight-path angle, deg
Inertial azimuth, deg . . . . . . .
Spacecraft geodetic latitude, deg S
Spacecraft longitude, deg E . . .
Altitude, ft « « « « ¢« « . . .
Target geodétic latitude, deg S .

Target longitude, deg W . .

191:18:16
36 210
-6.49
98.56
-18.315
171.29
399 720
20.25

165
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TABLE 5.16-V.- ENTRY REFSMMAT AND GIMBAL ANGLES AT EI

(a) REFSMMAT

r~ <)

. 89680623 . 141920909 —.141h2961
-.25520260 .22903267 -.93936982
-.36140037 .87852591 .31238118

(v) Gimbal angles
IGA, deg v v ¢ o ¢« & + « o & 156
MGA, deg . ¢« v v « « « « « 0

OGA, deg . « + « « « « « o 0
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Figure 5.16-5.- Total aerodynamic heating rate and heat load time histories
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CMC commanded bank angle, deg

157

+180 T T HEEEER
Computer transfer ——— ;1 Td ] ﬁt
100 to final phase Drogue parachute deploymen
DSKY displays ~, //
J
0 \ 7 \
-100 \ ™~ / ~
+180 ! A
3
40 X 10
2 | Pl
"L 30 N Drogue parachute deployment
Z . ™
s = ~
T 2 1
s
T 10
f=4
- .
0 I~
1'><103 o -
I 0 / A ﬂ:,_\\
2 /
h =
2 -1 R M N /] L B
° Lo —t | _ Drogue parachute deployment
g -2 .
= A A 0 0 e e e
-4 T I 41

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00

Time frem entry interface, min:sec

Figure 5,16-9,~ Primary DSKY displays, VERB 06 NOUN 68.




CMC bank angle, deg

Down-range error, n. mi.

Cross-range eror, n. mi.

158

e e wanstr ; NN EN
100 g;omgie,:hﬁzs N ~ Drogue parachute deployment
DSKY displays ~L [/
[ 1¥4
\ |
~100 T \ N
L T___L*,, —
+180 |
10 | — e
-+ ~l> 1{ +— . ’;\; S SR S —
L ™ —
0 . SO I [ L —t=
| / r i -
-10 ’ = 1/ —t— Drogue parachuteldc[ployment
20 e [ T
200 ‘
T 4T I ]
100 —1+ Down-range error L B I SR IR U R S
not computed until ;
}—Minal phase ‘
0 e 1
7 N
_ L o r%f/e . [__
-100 T . J +- T
— -~ T Drogue parachute deployment
I 1T
- N ] JUR A IS (S AN U G N A
-300 __lil l B I . _ ) GRS RPN G SN SN S S -
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00

Time from entry interface, min:sec

Figure 5.,16-10.- DSKY dispiays (final phase)}, VERB 06 NOUN 66.




159

*juawhojdap anyoesed anbosp woiy S3L0ISIY Swry 31bue yjed-1y6l|j 2A1R|34 pue A1190|9A 3AIRIY - TT-9T "G @inbi 4

0t:90

00:90

02:50

oty 0

39siuiw ‘juswAho|dap anbosp woiy swif

000

0¢co

ov:2o

0020

0¢:10 0t:00 00:00
0

AN

L

juswho|dap aynyoerled ujepy
i |

juawifodap ajnyoeied ulep

+

001

0o0c

00¢

ooy

009

06-

vi-

L=

sdy “A3190|aA an1je|aY

bap ‘a|6ue yjed-jybl)} anle|oy



160

*juawAojdap ajnyoesed anboip woiy SI1I0ISIY WY 403084 peo| pue apmn|y - ¢T-9T°G 3nb! 4

29SiuIW ‘JudwAo|dap anboap wody swi |
090 00°90 0¢:50 ovv0 00:v0 02:¢0 0v:20 00°¢0 02°10 0v-00 00-00

Y ¢’
! 1 _ IS (PR S (U A B
+ | - v
+ t t T
e - : w 9
“ | | R ; ,
, - g
!
! , ) , g
+ . ~+ + 0T g
m | o _ / 2
d ” y A 2’1 o
— M / ! g
, : : vl
i ! oo
; , 91
T 8'T
: c . 0z
juswhojdap ajnyoeied ulep |
i 4 A i N;N
1 / 4 k "
| O L R
N ; ; ; ; juawkojdap anydeled uiep
T ; , : g
B S I l,l ! i . - ; I // m.
— — — 4 AR
| | I , £
_ ! 4, T i , s
j m W 91 °
T T N E3
* N
. . 02
0T X tC



*ssa)aweled SW3 - "€1-91 S a4nbiy

*Kyo0[aA [eiauy snsJan of o} sbues SWI pue ajBue yueq papUBIWIWOD IWD (Q)

sdj <!a "Anoojan Jendau |
mSXv g 9 l 8 6 oo u g ¢t vt st 91 T 81 61 02 12 2 € W [T T4 2 8 6 0¢ € ¢ g€ K [ A

I T [ e B S e S B O 0 I S S A e o L
N 0

06-0}-sbuet S3 ] L JI_ i
] 00y

..er .J..J.JJ_/.l Tt ajbue yueq papupLILO) ]
L— = = 008

— 1 e e
; A .\lsls o rr—— _— ~ -
N

B 0b-0}-abued SWI
0091

—
0002
00v2

161

A1120|3A [B1}J3U) SNSIAA J0}OR) PECT (B)

sdy <'A “Kyoojen jenyiau |

(=1
~

( )1IX32-NON

pu ‘b ‘ioyoej peol

S Mo T DO N O

K} ~ » A

‘lw -u ‘ob-0}-abues SW3

081+
001-

- 0817

bap ‘ajbue yueq papuewwo)



10.

11.

12.

13.

162

REFERENCES

Brewer, B. A.; and Vick, M. B.: TLI Ship Positioning and Coverage
Data for Apollo Mission F Lunar Launch Opportunities for May 1969.
MSC IN 69-FM-56, March 5, 1969.

Saturn V AS-505 Launch Vehicle Operational Flight Trajectory. Pre-
liminary report 5-9640-H-205, February 17, 1969.

Preliminary Apollo 10 (F) Mission Operational Trajectory Simulation
Data. MSC memo 69-FM13-45, January 30, 1969.

Apollc Mission Techniques Missions F and G Translunar Midcourse Cor-
rections and Lunar Orbit Insertion. S-PA~9T-L1, February 17,
1969.

F/G Cislunar Midcourse Correction Mission Techniques. 69-PA-T-18A,
February 6, 1969.

NASA/GSFC: Plasma Effects of Apollo Reentry Communication. NASA/
GSFC X-513-6L4-8, January 196L.

CSM/LM Spacecraft Operational Data Book, Volume II - CSM Data Book.
SNA-8-D-027 (Amendments 1-67 and 2-7T6), January 10, 1969,

Ried, Robert C., Jr.: Apollo Command Module Enter Air Radiation
Heating Rate. MSC memo ES5/1-2/67, January 9, 1968.

Heating Rate Factors for Reentry Studies. MSC memo ES5/9-11/1T73M,
September 1L, 1967.

MIT: Guidance System Operations Plan for Manned CM Earth Orbital
and Lunar Missions Using Program COLOSSUS, Section 5, Guidance
Equations, Revision 2. R577, December 1968,

Tolin, J. W., Jr.: RTCC Requirements for Missions F and G Reentry
Phase. MSC IN 69-FM-28, February 6, 1969.

United States Weather Bureau: U. S. Standard Atmosphere, 1962.
December 1962,

CSM/LM Spacecraft Operational Data Book, Volume III -~ Mass Properties.
SNA-8-D-027 (Amendment 3k4), January 10, 1969.




