A 'v’/ A s

"7, T &93/"—“4;’“ L/

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MSC INTERNAL NOTE NO. 69-FM-248

September 25, 1969

'SPACECRAFT OPERATIONAL TRAJECTORY
© FOR APOLLO 12 (MISSION H-1)
VOLUME |

HYBRID MISSION PROFILE LAUNCHED
NOVEMBER 14, 1969

Lunar Mission Analysis Branch,
Landing Analysis Branch,
and
Orbital Mission Analysis Branch

MISSION PLANNING AND ANALYSIS BRANCH

iR
; MANNED SPACECRAFT CENTER
v{ HOUSTON.TEXAS

LI Pps




MSC INTERNAL NOTE NO. 69-FM-248

PROJECT APOLLO

SPACECRAFT OPERATIONAL TRAJECTORY
FOR APOLLO 12 (MISSION H-1)
VOLUME | - HYBRID MISSION PROFILE
LAUNCHED NOVEMBER 14, 1969

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

September 25, 1969

MISSION PLANNING AND ANALYSIS DIVISION
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER
HOUSTON, TEXAS

Approved: ey 28 & S5
Ronald L. Berry, Chiet )
Lunar Mission Analysis Branch

Approved: 7 M

Floyd"V. Bennett, Chief
Landing Analysis Branch

Approvedﬁﬂ.ﬁ Z ' i
Edoar/C. Lineberry, Chi

Orbital Mission Analysis Branch

Approved:

Mayer, Chief
Missioyy Planning and Analysis Division




FOREWORD

The landing site REFSMMAT is used for the mcc-h, 1LOT-1, LOTI-2, DOT,
PDI, and landing maneuvers. Because of an unwarrantable change in
landing time by a few seconds, the REFSMMAT for LM/CSM separation, DOT,
PDI, and landing is different from the landing site REFSMMAT. Because
this document was to be published as soon as possible, no changes were
to be made to have the REFSMMAT used in the descent maneuvers the same
as the landing site REFSMMAT; consequently, both REFSMMAT's are presented.
The REFSMMAT's will be corrected in the revised operational trajectory.

A number of changes have occurred since initiation of work on this
document. These changes will appear in Revision 1, but it was not pos-
sible to incorporate them into this edition. These changes include the
following.

a. The nominal entry range is to be reduced from 1285 n. mi.
to 1250 n. mi.

b. The first lunar orbit plane change (LOPC-1) will occur in the
nineteenth revolution instead of the seventeenth revolution.

c. The low gate parameters for IM descent will be 16 fps vertical
velocity and 80 fps horizontal velocity.

d. LM and CSM attitudes will be changed for IM jettison.
e. A LM yaw maneuver during ascent will be incorporated.

f. The map coordinates of the landing site as well as the photog-
raphy sites will be refined.

g. The initiation of the MCC-2 maneuver will be delayed 4 hours,
from TLI plus 24 hours to TLI plus 28 hours.

h. The TEI maneuver will be initiated in lunar revolution U5
rather than revolution u6.

i. Lalande will be added to Fra Mauro and Descartes as a photog-

raphy site, and it will be photographed during revolution 39.F/Photog—
raphy of Hipparchus will be deleted.
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J. The southerly launch azimuth will be limited to 96° for mission
planning purposes.

k. LM jettison will occur approximately 2.5 hours after docking.
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SPACECRAFT OPERATIONAL TRAJECTORY FOR APOLLO 12 (MISSION H-1)
VOLUME I - HYBRID MISSION PROFILE
LAUNCHED NOVEMBER 14, 1969

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

1.0 SUMMARY AND INTRODUCTION

1.1 Summary

In volumes I and II of the Spacecraft Operational Trajectory, a
detailed description of the hybrid mission profile is presented. The
launch date for the operational trajectory is November 1L, 1969. The
basic lunar trajectory profile is a hybrid type as compared to the
standard free-return profile used on the Apollo 11 mission.

Translunar injection places the spacecraft on a free-return trajec-
tory with a high perilune altitude. Unlike Apolld 11, the evasive
maneuver is performed by the S-IVB prior to the blowdown rather than by
the spacecraft SPS. Twenty-four hours after TLI, an SPS transfer

maneuver is performed to lower perilune to 60 n. mi.® After the maneuver,
the spacecraft is on a non-free-return trajectory which is restricted
such that an earth return would be within the DPS docked AV capability

if an SPS failure should occur at LOI ignition.

The lunar orbit timeline is similar to the Apollo 11 timeline except
that after rendezvous, docking, and IM jettison, a plane change 1s made
to gain photographic coverage of selected prime sites for future landing
missions. This type of photography is commonly referred to as bootstrap
photography.

For the nominal mission, the launch time is 10h22m c.s.t., and the
launch azimuth is &72°, Translunar injection occurs during the second
revolution over the Pacific Ocean.

aBecause of the crew rest/work cycle, the transfer maneuver time
has recently been changed to TLI plus 28 hours.
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The mission duration is approximately 10 days 4 hours end 41 minutes.
The translunar flight time is 80.6 hours. The time spent in lunar orbit
is 90.8 hours, and the transearth flight time is 7O hours. An inertial
plot of the basic profile is shown in figure 1.1-1.

The nominal mission is summarized in the following tables.

a.

Tgble 1.1-I.- Sequence of major events
Table 1.1-II.- Lunar orbit activities
Table 1.1-I1I.- Launch window summary
Table 1.1-IV.- Timetable of mission events
Table 1.1-V.- Radar timeline

Teble 1.1-VI.~ Shadow timeline
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1.2 Introduction

The operational trajectory document is divided into numbered sections
with index tabs. The symbols and nomenclature are presented in section 2.0,
and a list of the primary mission guidelines and constraints are presented
in section 3.0.

The main body of the document is section 4.0. This section is
divided into subsections according to mission phases, and each subsection
contains the text, tables, and figures related to the particular mission
phase. In general, the information in ‘each subsection includes a tracking
timeline summary, a shadow timeline summary, target parameters, and a
sequence of events table with a standert set of parameters. The propellant
consumption predictions in section 4.0 are approximate and are included
for completeness.  The official predictions will be published in the
operational consumables document.

The input data that were used to generate the operational trajectory
are presented in section 5.0, which also contains the REFSMMATS. Almost
81l of the input data are tabulated; however, for some data, only the
source is identified. The references are listed in section 6.0.

The mission tracking timeline, shadow timeline, and more detailed
trajectory data are contained in volume II of the operational tra-
Jectory document.



TABLE 1.1-I.- SEQUENCE OF MAJOR EVENTS

Event

Time, hr:min:sec,

Time, hr:min:sec, -

Data summary

g.e.t. c.s.t-
Launch 00:00:00 November 1L, 1969 Azimuth, deg ~T2
10:22:00 Launch complex 39A
EPO insertion 00:112:53.2 10:33:53.2 Geodetic latitude, deg 32.7
Longitude, deg -52.5
Geodetic altitude, n. mi. 103.4
Velocity, fps 25 567.7
Translunar injection
Burn initiation VIR T 13:09:21.7 Geodetic latitude, deg 2.3
Longitude, deg -176.6
Velocity, fps 25 587.5
Apogee altitude, n. mi. 107.8
Geographic altitude, n. mi. 98.8
Burn cutoff 02:52:43.7 13:1L:43.7 Geodetic latitude, deg 15.6
Longitude, deg -155.2
Burn duration, sec 322.
Plane change, deg 2.7
Apogee altitude, n. mi. 236 999.8
Geographic altitude, n. mi. 183.6
Evasive maneuver 0k:25:0.0 1h:47:0.0 AV, fps 10
(performed by S-IVB) S5-IVB gimbal angles
Pitch, deg (IGA) 2.1
Yaw, deg (MGA) . 28.2
Roll, deg (0OGA) 176.0
Translunar coast,
midcourse correction maneuvers
MCC-1 TLI plus 9 hr 22:1h:43.7 Geodetic altitude, n. mi. 56 200
Mcc-2% (hybrid transfer) 26:52:43.7 November 15, 1969 Geodetic altitude, n. mi. 106 897.
13:14:L43,7 AV, £ps 63.8
Burn duration, sec 9.3
SPS propellant used, 1b 607.2
Plane change, deg 0.9
MCC-3 LOI-1 minus 22 hr November 16, 1969 Geodetic altitude, n. mi. 174 400
23:50:47.5
Mcc-k LOI-1 minus 5 hr November 17, 1969 Altitude above mean lunar 12 300
16:50:47.5 radius, n. mi.

ElBeca.use of the crew rest/work cycle, the transfer maneuver time has been changed to TLI plus 28 hr.

8-T
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TABLE 1.1-I.~ SEQUENCE OF MAJOR EVENTS - Continued
Event Time, hr:min:sec, Time, hr:min:sec, Data summary
g.e.t. c.s.ta
Lunar orbit insertion (LOI-1)

Purn initiation 83:28:47.5 November 17, 1969 Mass, 1b gk 595.
21:50:L47.5 Altitude above LLS, n. mi. 85.3

Selenographic latitude, deg 6.5

Selenographic longitude, deg 177.4

Perilune altitude above LLS, n. mi. 59.9

Selenographic inclination, deg 158.0

Velocity, fps 8162.5

Burn cutoff 83:3h:47.7 21.:56:L7.7 Altitude above LLS, n. mi. 59.8
Selenographic latitude, deg -1.1

Selenographic longitude, deg 155.3

Selenographic inclination, deg 164.7

Burn duration, sec 360.2

Inertial burn arc, deg 23.3

Plane change, deg 6.7

AV, fps 2890.L

SPS propellant used, 1b 23 511.

Velocity, fps 5h8k.3

Orbital period, hr:min:sec 2:08:39.5

Perilune altitude above LLS, n. mi. 59.7

Apolune altitude above LLS, n. mi. 170.1

Circularization maneuver (LOI-2)

Burn initiation 87:L7:36.7 November 18, 1969 Mass, 1b T1 050
02:09:36.7 Altitude above LLS, n. mi. 61.3

Selenographic latitude, deg 2.4

Selenographic longitude, deg 166.0

Perilune altitude above LLS, n. mi. 59.6

Apolune zltitude above LLS, n. mi. 170.2

Velocity, fps 5476.3

Burn cutoff 87:47:54.8 02:09:54.8 Altitude above LLS, n. mi. 61.2
Selenographic latitude, deg 2.1

Selenographic longitude, deg 165.1

Selenographic inclination, deg 16L.7

Burn duration, sec 18.1

Inertial burn arc, deg 0.9

Plane change, deg 0.0

AV, fTs 169.3

Velocity, fps 5338.7

SPS propellant used, 1b 1178.9

Orbital period, hr:min:sec. 1:58:L3.3

Perilune altitude above LLS, n. mi. s5h,1

Apolune altitude above LLS, n. mi. 65.9

6-T1



TABLE 1.1-I.-~ SEQUENCE OF MAJOR EVENTS - Continued

Time, hr:min:sec,

Time, hr:min:sec,

b g.e.t. c.s.t. Data summary
Descent
CSM/IM undock 107:58:00 22:20:00
CSM SEP 108:27:49 22:49:49 AV, fps 2.5
DOI (DPS ignition time) 109:26:27 23:48:27 AV, fps T2
Burn duration, sec 28
PDI (DPS ignition time) 110:23:26 November 19, 1969 Altitude above LLS, ft L9 250
0:45:26 Velocity, fps 5577
High gate (P63 to P6k) 110:31:54 0:53:54 Altitude above LLS, £t 7511
: . Velocity, fps 519
Low gate (500 ft) 110:33:48 0:55:48 Altitude above LLS, ft kot
: Velocity, fps L9
Vertical descent (P64 to P65) 110:34:38 0:56:38 Altitude above LLS, ft 148
Velocity, fps 6.4
Landing 110:35:23 0:57:23 AV, fps 6779
Burn duration, min:sec 11:56
DPS propellant consumed, 1b 16 735
CSM plane change (LOPC-1) 115:53:24.7 06:15:24.7 Mass, 1b 36 038.4
av, fps 372.67
Burn duration, sec 19.972
Selenographic latitude, deg -14.1
Selenographic longitude, deg 76.4
Altitude above LLS, n. mi. 63.0
Perilune altitude above LLS, n. mi. 56.3
Apolune altitude above LLS, n. mi. 62.9
Plane change, deg L0
Selenographic inclination, deg 165.7
Velccity, fps 5328.5
Revolution number 17
Ascent '
LM lift-off 142:0L4:37.125 November 20, 1969 Mass, 1b 19 663.4
08:26:37.125 Selenographic latitude, deg -2.94
Selenographic longitude, deg -23.45
LM insertion 142:11:47.720 08:33:47.720 Weight, 1b 5802.45
AV, fps 6049.05
Burn duration, sec %30.59
Latitude, deg -0.475
Longitude, deg -33.232
Altitude above LLS, ft 59 983
Perilune altitude above LLS, ft 54 960
Apolune altitude above LLS, ft 282 470

OT-T



TABLE 1.1-I.- SEQUENCE OF MAJOR EVENTS - Continued

Time, hr:min:sec,

Time, hr:min:sec,

n Event et S Data summary
Rencezvous
B - G -~ -143:01:25.3 - -9:23:25.3 Burn durstion; sec - bl -
; AV, fps- 49.9
Propellant used, 1b 31.9
Resultant b, /h ,-n, mi, L46.7/4k.5
Range at cutoff n. mi. 140.1
- Range rate at éutoff, £ps -10T7.7
Propulsion system IM RCS
CDHE 143:59:49.9 10:21:49.9 Burn duration, sec 2.0
AV, fps - b
Propellant used, 1b 2.8
Resultant ha/h-p"n' mi. L5.3/4k .}
Range at cutoff, n. mi. 7.5
Range rate at-cutoff, fps -119.7
Propulsion: system IM RCS
TPI 144 :38:56.1 11:00:56.1 Burn dnratva.on, sec - 22.2
AV, fps oo s 24.8
Propeliant used, 1b 15.8
H Resultant ha. hp, n. mi. 61.9/43. 8
Range at cutoff, n. mi. - 32.2
Range rate at cutoff; fps' -133.0
Prbpuls:cn system e 1M RCS
Braking 145:20:15.0 11:42:15.0 Burn d’tﬁ‘atlon, sec” ) 27.8
AV, fps T 31.3
Prope]lant used, 1b 19.9
Range at final braking, n. mi. 0.01
Range rate at final braking, fps -0.2
h /h at final braking, n. mi. 60.0/59.2
Propu.Ls:Lon system ; IM RCS
Docking 145:40:00.0 12:02: 00.0
IM jettison® 147:21:26.8 13:43:26.8 Mass, 1b - . 34 807.6
- AV, fps 2l 34, - A 1.5
Burn duration, sec 4.6
Selenographic latitude, deg -11.5
Selenographic longitude, deg 90.0
Altitude above LLS, n. mi. 59.4
Perilune altitude above LLS, n. mi. 59.0
Apolune altitude above LLS, n. mi. 59.4
Plane change, deg 0.0
Selenographic inclination, deg 165.6
Velocity, fps 53k6.4
Revolution number 33

&The IM jettison maneuver time has been changed to 148Hpg™T g.e.t.

TT~T



TABLE 1.1-I.-

SEQUENCE OF MAJOR EVENTS - Continued

Time, hr:min:sec,

Time, hr:min:sec,

Event el c.s.ti Data summary
LOPC-2 159:13:53.1 November 21, 1969 Mass, 1b 34 800.5
1:35:53.1 AV, fps 297.3
Burn duration, sec i 15.4
Selenographic .latitude, deg -12.1
Selenographic longitude, deg 80.1
Altitude above LLS, n. mi. 58.2
Perilune altitude above LLS, n. mi. 58.2
Apolune altitude above LLS, n. mi. 60.6
Plane change, deg 3.2
Selenographic inclination, deg 167.0
Velocity, fps 5353.2
Revolution number 39
Transearth injJection
Burn initiation 17h:24:47.8 16:46:47.8 Mass, 1b 33 T54.
Altitude above LLS, n. mi. 60.6
Selenographic latitude, deg 9.2
Selenographic longitude, deg -175.0
Perilune altitude above LLS, n. mi. 57.1
N Selenographic inclination, deg 167.0
Velocity, fps 5341.3
Burn cutoff 1T7h:27:04.8 16:49:04.8 Altitude above LLS, n. mi. 64.6
Selepographic latitude, deg 7.8
Selenographic longitude, deg 176.2
Perilune altitude above LLS, n. mi. 60.1
Selenographic inclination, deg 168.4
Burn duration, sec 137
Inertial burn arc, deg 8.8
Plane change, deg 2.0
AV, fps 3113.
SPS propellant used, lb 89l2.
Velocity, fps 8L27.0
Transearth coast,
midcourse correction meneuvers
MCC-5 TET plus 15 hr Novembei62i, é969 Geodetic altitude, n. mi. ~180 000
T:46:47.
McC-6 EI minus 22 hr NovemgeiBZgé (1)969 Geodetic altitude, n. mi. ~101 000
16:48:36. .
MCC-T EI minus 3 hr November 2k, 1969 Geodetic altitude, n. mi. ~2h 900
11:48;36.0

ct-1



TABLE 1.1-I.- SEQUENCE OF MAJOR EVENTS - Concluded

" Time, hr:min:sec,

Time, hr:min:sec,

Event g.e.t. 2 c.s.t. Data summary

Entry interface 24L:26: 36.0 November 24, 1969 Transearth coast time, hr 70.
14:48:36.0 Inertial velocity, fps 36 128.8
Geodetic altitude, n. mi. (ft) 65.8(400 095)
Inertial flight-path angle, deg -6.5
i Geodetic latitude, deg - =18.7
; Longitude, deg :172.8

& Equatorial inclination - -~
‘ (ascending), deg 18.8
Landing ‘2li4:40:26.8 1k:62:26.8 Geodetic latitude, deg ~16.0k
+ : Longitude, deg :-165.0

i ey

=T,

¢t
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Teble 1.1-II - LUNAR ORBIT ACTIVITIES

il B e

LOI-1 Beginning of 1 ' 83:29
LOI-2 Beginning of 3 87:48
IVT to IM for housekeeping |

activities 3 89:30
Landmark track L 90:20
Inertial attitude 4 90:40
IVT to CSM L 91:10
Begin 9-hr rest period 5 . 92:30
End rest period 9 101:30
IVT to IM for IM checkout 11 103:55
Landing site landmark track 12 106:30
Undock 13 108:01
CSM separation | 13 108:28
DOI Beginning of 1k 109:26
Touchdown 14 110:35
Begin EVA 16 11L:35
First CSM lunar orbit plane

change (LOPC-1) - _ 17 115:53
End EVA ' - 18 | 118:00
Begin 9.5 hr rest period 19 121:00
End rest period 2k 130:30

8 :
Times are approximate.




# A=L5

Table 1.1-II - LUNAR ORBIT ACTIVITIES ~ Concluded

(RSB by ) RexS;;Zion hr:#fi?eé?e.t.

Begin EVA . ' 26 S 133:35
End EVA ': | 27 | 136:50
LM ascent . o .30 142105
Docking ; | 32 | 145:40
IM Jettison = - 33 14k7:21
Begin 8,5-hr Qest period 34 149:30
End rest period :. 38 . 158:00
Second CSM lunar orbif plaﬁe

change (LOPc-z) ' ' 39 159:14
Begin photography - 4o - _ 161:00
TET End of L6 | 1Th:25

8 : -
Times are approximate.

bThis maneuver has been moved to %hé,eﬁﬂ of the forty-fifth revolution.



TABLE 1.1-III.- LAUNCH WINDOW SUMMARY

Parameter

Launch date

November 1L

November 16

Site

Launch time (c.s.t.)
Freejreturn hP

Hybrid transfer AV
Translunar flight time
Lunar orbit inclination
Approach azimuth at landing
Sun elevation at landing
Goldstone landing coverage
Lunar surface stay time

Photo sites

Total lunar orbit stay
Transearth flight time
Total mission time

30 low nominal reserves

30 low contingency reserves

T
10722% to 157 02"
1850 n. mi.
62 to 69 fps
~81 hr
15.3°
-75°
5.1° to 8.3°
First 2.5 hr
32 hr

Fra Mauro, Descartes,
Lalande

88.9 hr, 46 revs
72 to 65 hr
245 to 240 hr

820 to 600 fps

630 to 560 fps

p)
13%09™ to 177u6"
1000 n, mi.
105 fps
79 hr
10°
-80°
11° to 14°
Entire window
~32 hr

Fra Mauro, Descartes,
Lalande

~89.0 hr, L6 revs
72 to 66 hr
2hl to 239 hr
697 to 582 nr
410 to 350 fps

91-T



Launch EOT TLI tgﬁﬁ:igr LOI-1 LOT-2
Launch
EOI 0:11:53
TLI 2:47:20 2:35:29
Hybrid trensfer 26:52: 4k 26:40:51 24 5:00
LOI-1 83:28: 48 83:16:55 80:41;:26 56:36:0L
LO0I-2 B87:47:37 87:35: 4k 85: 0:15 60:54:53 4:18:49
Undocking 108:02:14 | 107:50:21 |105:1k:52 81:09:30 24:33:26 20:1k4:37
LM separation 108:27:50 108:15:57 |105:40:28 81:35:06 24:59:02 20:40:13
DOI 109:26:28 | 109:14:35 |106:39: 6 | 82:33:Lk 25:57:40 21:38:51
PDI 110:23:27 | 110:11:34% [107:36: 5 83:30:43 26:54:39 22:35:50
CSM first pass over LLS| 110:31:09 110:19:16 107:43:47 83:38:25 27:02:21 22:43:32
IM landing 110:35:18 | 110:23:25 |107:47:56 83:42:3h 27:06:30 22:47:41
CSM plane change 1 115:53:25 | 115:41:32 [113: 6: 3 89:00:41 32:24:37 28:05:48
IM ascent 1ho:oh:37 | 1b1:52:44  |139:17:15 | 115:11:53 58:35:49 54:17:00
cs1 143:01:25 | 1h2:49:32 [1L0:1k: 3 | 116:08:k1 59:32:37 55:13:48
CDH 143:59:50 | 143:47:57 |1bk1:12:28 | 117:07:06 60:31:02 56:12:13
TPI 144:38:56 | 1h4:27:03 [1b1:51:34 117:46:12 61:10:08 56:51:19
TPF 145:21:35 | 145:09:42 [142:3h:13 | 118:28:51 61:52:47 57:33:58
CSM separation 1b7:21:27 | 1b7:09:3k 144:34; 5 | 120:28:L3 63:52:39 59:33:50
CSM plane change 2 159:13:53 | 159:02:00 |[156:26:31 | 132:21:09 75:45:05 71:26:16
Pass over photo site 1 | 163:30:54 | 163:19:01 [160:43:32 | 136:38:10 80:02:06 75:43:17
Pass over photo site 2 | 163:42:00 | 163:30:07 |160:54:38 | 136:49:16 80:13:12 75:54:23
TEI 17h:2h: 48 | 174:12:55 |[171:37:26 | 147:32:04 90:56:00 86:37:11
Entry 244:26:36 | 24h:1h:U3 [ 241:39:1h | 217:33:52  |160:57:48 | 156:38:59
Landing 2Lh:40:36 | 244:28:43 |2u1:53:14 | 217:47:52 |161:11:48 | 156:52:59




TABLE 1.1-IV.~- TIMETABLE OF MISSION EVENTS

L0I-1 LOI-2 Undocking sepaigtion DOI PDI gifiz§§23 I;ﬁ;ng Figaﬁé:ni IM ascent Cs1 CDHY
ly
3 4:18:49
0 24:33:26 20:1L4:37
6 24:59:02 20:40:13 0:25:36
H 25:57:40 21:38:51 1:2h:1k 0:58:38
3 26:54:39 22:35:50 2:21:13 1:55:37 0:56:59
5 27:02:21 22:43:32 2:28:55 2:03:19 1:0h:41 0:07:h2
y 27:06:30 22:47:41 2:33:0k 2:07:28 1:08:50 0:11:51 0:04:09
1 32:24:37 28:05:48 T:51:11 T:25:35 6:26:57 5:29:58 5:22:16 5:18:07
3 58:35:49 54:17:00 34:02:23 33:36:h7 32:38:09 31:41:10 31:33:28 31:29:19 26:11:12
1 59:32:37 55:13:48 34:59:11 34:33:35 33:34:57 32:37:58 32:30:16 32:26:07 27:08:00 0:56:48
6 60:31:02 56:12:13 35:57:36 35:32:00 34:33:22 33:36:23 33:28:41 33:24:32 28:06:25 1:55:13 0:58:25
2 61:10:08 56:51:19 36:36:42 36:11:06 35:12:28 34:15:29 34:07:47 34:03:38 28:45:31 2:34:19 1:37:31 0:349
1 61:52:47 57:33:58 37:19:21 36:53:45 35:55:07 34:58:08 34:50:26 34:46:17 29:28:10 3:16:58 2:20:10 1:2]
3 63:52:39 59:33:50 39:19:13 38:53:37 37:54:59 36:58:00 36:50:18 36:46:09 31:28:02 5:16:50 L:20:02 3:2f
] 75:45:05 T1:26:16 51:11:39 50:46:03 L9:47:25 48:50:26 hg:ho:hly hy:38:35 43:20:28 17:09:16 16:12:28 15: 14
0 80:02:06 T5:43:17 55:28:40 55:03:0L 5h:04:26 53:07:27 52:59:45 52:55:36 L7:37:29 21:26:17 20:29:29 19:3%
6 80:13:12 75:54:23 55:39:46 55:14:10 54:15:32 53:18:33 53:10:51 | 53:06:42 47:48:35 21:37:23 20:40:35 19: 44
) 90:56:00 86:37:11 66:22:34 65:56:58 6L4:58:20 6h:01:21 63:53:39 63:49:30 58:31:23 32:20:11 31:23:23 30: 21
2 |160:57:48 | 156:38:59 | 136:2h:22 135:58:46  135:00:08 | 13L:03:09 |133:55:27 | 133:51:18 |128:33:11 | 102:21:59 [101:25:11 | 100:26
2 [161:11:48 | 156:52:59 | 136:38:22 136:12:46  [135:14:08 | 134:17:09 |13%:09:27 [ 134:05:18 |128:47:11 | 102:35:59 [101:39:11 | 100:h(




1-17

[ EVENTS
csM CSM plane Pass over Pass over
IM ascent CsI CDH TPI TPF i h P 5 photo site 1 |photo site 2] TEI Entry
SEPAraLion EASHSE (Descartes) (Fra Mauro)
0:56:48
1:55:13 0:58:25
2:3k4:19 1:37:31 0:39:06
3:16:58 2:20:10 1:21:45 0:42:39
5:16:50 4:20:02 3:21:37 2:42:31 1:59:52
17:09:16 16:12:28 15:14:03 1h:3k:57 13:52:18 11:52:26
21:26:17 20:29:29 19:31:04 18:51:58 18:09:19 16:09:27 L:17:01
21:37:23 20:40:35 19:42:10 19:03:0L 18:20:25 16:20:33 h:28:07 0:11:06
32:20:11 31:23:23 30:24:58 29:45:52 29:03:13 27:03:21 15:10:55 10:53:54 10:42:48
102:21:59 [101:25:11 | 100:26:46 99:47:40 99:05:01 97:05:09 85:12:43 80:55:h2 80:44:36 [70:01:48
102:35:59 101:39:11 | 100:40:46 100:01:k0 99:19:01 97:19:09 85:26:43 81:09:k2 80:58:36 |[70:15:48 0:1k:00




TABLE 1.1-V.- MISSION RADAR TIMELINE ®
(a) CSM acquisition and termination - 0° minimum elevation
VEHICLE 1 RACAR TARLF
TRACK[NG TIME STATICN ACGUISITICN DATA STATION TERMINATION ‘CATA
HRS MIN <E£f CAy EFS MIN SEC RA CEC AT ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE

BCA-02 C c =7 o 0 11 €3 -23 7 RE& 4 R4 s 632 0 0 12 50 =29 S 84 0 90 6 850
X=Y UsSr-30

PC2-C2 c c €7 C 0 11 £2 =23 7 85 4 B4 5 621 0 0 12 Ks0 =29 5 84 0 90 6 850
AZ-FL FPQA

INSFRY 0 4 1¢C c O 11 €2 145 57 =22 14 =45 55 356 (o} 0 16 4 -7 16 T2 cC SC 18 849
S+1pP1

CYI-04 0 7 7 o] c 1/ 27 -17v 1§ =72 c -90 17 A48 0 C 23 44 8 -20 113 cC SC -2 R4
X-Y 1S8-13¢

CRC-Ce (o 5 50 c ¢ fz2 20 =32 -72 -121 ¢ -90 -3]1 R4 C cC 58 10 175 =32 126 C S0 -3¢ 8133
AZ-EL FPQE ;

CRC-CA 0 © =C G 0 7 20 <-3@ -2r =121 Q -90 =21 a34 0 0 %8 11 175 -32 126 € SC -36 833
X=Y.USR=30

HSK=-2% C [ 2 C [ 2cC 10 -7=e C -50 -78 A22 o] 1 5 41 11¢2 27 42 C -9C 42 |27
X~Y USPR-£§

GYM=-14 o T 4 0 1 28 22 115 =2f -1Fa 0 -90 -28 a40 0 1 5 26 =51 13 75 € 90 15 848
X=Y USR=-20

GDs-28a 0 4 79 0 1 75 & 177 =51 -1¢£12 ¢ 20 -17 B3R 0 1 23 44 =79 -19 114 C 9C 66 84S
X-Y ysep-ge

¥iL=-71 0 ¢ 53 0 1 3= ¢ 147 10 -76 3 =30 1! 47 0 1 42 2 -16 1% 7C c Sso0 20 849
X-Y¥ USP-30

MLA-TY 0 £ B2 (o] 1 2t € 14T 10 =7F c -0 12 347 0 1 42 2 -1 18 €S ¢ 90 21 849
AZ-EL TPQ172

CAv-21 C £ 512 n 1 3% 1C 14T 10 -7% ¢ -0 11 fqp 0 1 a2 3 =16 18 7C C 9¢C 20 849
AZ-EL FPS1e

aca-0? c 1 1c C 1 3¢ 3¢ 147 4 -R% (C -@a) 5 850 0 1 45 44 =12 -4 S € SO0 ~-% 248

X=Y #JS8=-2nN

aSee Tables 5-XVIII, HSTN Station Characteristics and 5~XIX, MSFN Station Identification.
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VEHICL = 1

RAFAR

TRACK ING

HRS MIN

apa-c2
A7-EL FPQs
INSERT
SHIF1

CYI-Ce
X=Y Use-390

CRO-CR
X-Y USe=-30

CRC-CA
A7-EL FPQ6

HAW=-12
X-Y¥ USB-30

GNS=2zAa
X=Y USP-§*¢

GYM-14
X=Y USR=-20

MIL-T1
X-Y ysP-30

YLA-71
A7-FL TPC1®

ANA-02
X=-Y USP-20

ACA-02
AZ-EL FPCH

ANG-C1
X-Y USR-30

o

1?

1C

7

o

»

™

10

18

TARLE

TIME

SEC

18
17

17

17

&7

22
12

17

Fay FRS MIN

c

(e}

X

-3

-aqQ

-20

=90

51

S0

STATISN ACQUISITION NATa

SEC %8 CFC &2 ELV
1 7" 38 147 4 =R% 0
' 4z 15 178 19 =-ea
1 S0 10 -1 -1C -101 C
2 2% 2 -1° -331 -127 c
¢ 2% D2fF -lR -233 -127 C
CLTCFF TC NFO MANEUVER
2 52 44 =136 =30 146 17
2 8% 21 1F? =21 ~115% 0
2 S8 &6 145 -5 =ag G
2 tc €7 1¢c & -a] 0
2 £c¢ E2 €€ A -8l 0
E] 2 13 =175 R =31 0
2 7 12 =175 R =21 0
2 3 40 =174 24 =¢S5 0

-0

Y

5

2?

=11

-7

-53

-5

25

RANCE

A80

R42

£33

512

1662

1761

26Ce

26C3

3132

STATION TERMINATICN DATA

NAY HRS VIN SEC

0

1

LN

1¢

15

12

12

45

- 49

55

21

7

44

20

29

Ll

44

57

24

11

10

RA

-12

-172

=172

-77

-28

=28

=30

-31

~43

CEC A7 ELV
-4 €5 ¢
-6 9 ¢

-57 1é1 €

-14 10¢ ¢

-14 106 C
18 10 ¢

1 -89 ¢
1 -88 ¢
2 -88 ¢
10 139 ¢
2 -81 ¢
9 -174 67
3 -1 ¢

H

90

9cC

90

S0

9C

90

-90

-1

Y

-5

=71

-16

-16

20

~-8s

-1

=23

RANGE

848

844

833

833

3305

76025

T4394&

66250

23400

61522

23400

60456

6T-1



RACAR TABLE

VERICLE 1
TRACK ING
HRS MIN
INSERT 2 M
SHIP1
T
Tri-cs s 31
X-Y USE-30
“a0-23 ‘4 42
X-Y USR-85
Je=3 .y -k
aCH-75 o <=
X-Y USE-30
AT L me
HAW=22 12 4
X-Y LSR-30
L & _n
cwn-25 v2 13
XY .USB-20
+6H=25 1 4=
X-Y Usr-85
LRO-CA 1 54
X=-Y USR-=30
PR -
AAPKS . 42
AUSTPALIA
Man-22 e s
X-Y USR-8E
ACN-E £ 17
X=Y 1S8-2p
C¥I-C4 < 1
X-Y USE-130
ANG-€1 < 2 4

x=Y ‘USR-130

TIME
SEC

10
20
%S
11
ap
18
AR
«1

30

STATICN ACQUISITICM DATA

FAY HRS MIN SEC

0 3
n k]
C 3
c 3
4] 6
c 1C
o 10
€ 12
£ 12
0 20
‘lC Z21
0 @l
1 .C

S

1e¢

A7

24

10

30

a7

1€

£2

3

ES

18

4¢

17

oN
~p

RA CEC
~151 1e
=127 17
-11s 11
-1c0 34
-3 8
-1 s
-23 7
25 s
-2¢ =
-21 0
-1
-2t o
-c -1

A2 ELV
-74 0
-711 o0
-75 0
-56 0
81 0
85 0
gl -0
84 0
60 .20
el ¢
S O
CEC -0
€1 ¢

90

Qo

=30

ap .

€6

ac

.20

g

9C

Y

16

19

=15

24

5

a1

2¢€

-1

RANGE

38cCs8

5115

63¢€3

1741

30042

53425

-53922

63998

£3333

. 92661

104451

STATION TERMINATION CATA

CAY HRS MIN SEC

o]

H

¥

18

22

19

~N

36

45

16

55

26

&9

23

57

59

.52

L&

-11

Al

Lk

44

44

RA DEC
-46 10
-37 5
-39 5
=29 e
=26 1
~-24 0
-24 2
-23 .1
=25 -2
-21 =2
-21 ]
=21 <1
-19 -1

AZ ELV |
-130 64 -21
~85 ¢ -90
-84 o -90
-82 ¢ -90
-89 0 =90
-8C € -90
-88 £ =90
-ac C =90
~&6 130 =57
-1R0 48- 42
23 77 11
157 S5 13
101 29 6C

Y ®ANGE
-17 23400
5 44074
-84 40847
8. 42600
186312
0. 58400
-88 - 97326
‘ 1 104581
22 : 87157
0 ‘107123
-8 1106982
-28 1C7375
-10 108619

0Z-T



VEHICLE 1 RACAR
TRACKING
HRS MIN
BCA-0? 1 51
X=Y USE=20
VIL-T71 0 46
X-Y LSR-20
MAD-23 5 5z
X-Y LSP-85
ACN=T5 € 40
X-Y USP~-30
CYI-04 6 41
X=Y USR=30
ANG=G1 < 49
X=¥ USR-3)
BDA-0Z s ca
X-¥ LSR=20
MIL-T1 11 3
X-Y LSR-30
GYM-14 11 4
X-Y Usa-30
cDS-28 11 4%
X~Y USB-RE
HAW-12 11 &c
X-Y UsSe-30
HSK=-2€ 12 ¢
X=-Y UYSp-3c
GhM=2Z4 11 so

X=-Y Use-=30

11

25
3R
34

47

A
[} -]

57

29

12

58

STATICN ACOUISITICN NATe

LAV FPS MIN SEC RS CEC A7 ELV
1 1 1 17 =20 -1 91 o0
1 2 €& iz =19 -1 €1 0
TRENSLUNAR CCAST TO LCII
1 2 52 82 <21 =7 -190 48
1 Z (2 £3 =21 0 82 717
1 2 52 5?2 -21 -1 151 5§
1 2 %2 83 -1 -1 101 29
1 Z2 f2 f3 =2C¢ -1 107 213
1 2 52 853 -19 - 37 10
1 4 € 4 =19 -1 2 0
1 4 25 15 =10 =2 02 ¢
1 7 27 21 -1 =2 Qa2 0
1 1C 4% 85 =17 -] CH 0
1 11 11 28 -17 -2 352 0

X

90

90

&2

60

56k

RO

Q0

90

°0

o0

Q0

Y

-29

-10

-16

-7

-2

aa

-2

aq

-2

RANCE

105105

1081¢€7

107760

10698¢

1C723€2

108624

108964

109699

112647

114R0S

12201%

12668

130777

DAY HFS
1 2
1 2
1 8
1 e
1 <
1 12
112
1 i3
1 15
1 1¢
<1 1€
1 22
1 23

VIN

52

52

45

33

34

“2

51

56

58

20

16

STATION TERMINATICN DATA

SEC

44

44

19

ER S

27

«C

17

s1

&4

3é

36

RA DEC
-20 -1
-19 -1
-20 -2
-21 -1
-20 -2
-20 -2
-20 -3
-19 -3
-19 -3
-19 -2
-18 -3
-18 -2
-18 -3

AZ ELVY
107 22

97 10
-93 0
-91 ¢
-92 0
-92 ¢
-3 ¢
-3 0
-93 0
-94 0
-93 ¢
-92 o0
-91 ¢

x

66

80

90

Y

-16

-7

-1-

-2

-3

-3

=3

-86

-3

RANGE

108960

109694

125136

127026

127062

134150

124466

136826

141062

141838

147668

154491

154715

Ie-1



VEHICLE 1

TRACKINCG TIME

FACAR TARLE

HES “IN SEC

CRO-0R
X-Y UsSkr-120

phRKS
AUSTRALTA

MAD-73
X-Y. USR-8<

ACN-T5

%A=Y USR=10,

e¥i-ca’

X-Y use-3o

AG=9 1
X=¥, USR=10

W12

XY, usP-30

1?

11

11

1
11
1
i1

1Y

3

12

27

R}

16

&€

2
47

12

e
\n

a1

27

ny

IB]

nt

21

21

X}

1c

1

LAY tRS MIN

12

1€

4¢

W

~y
~

g

42

52

22

STATION
SEC o4
28 -17
21 -17
¢ -l¢
56 -15%
: -1€

€ -1¢
20 -15
€2 -1s
4e  -15
27 -1g
¢ -14
6 -14
e -14

CEC

-1

-2

-4

-l

-l

-4

-l

-4

ACOUISITICN DATA

A7 FLV
91 o
65 30
S5 0
<2 ¢
G4 C
5T ¢
€4 ¢
4a 0
% C
gs ¢
4, 9
c4 d
S4 0

X

90
58
20
ag
a9
Q0
ag
90
90
a0
90
90

ag

Y

18

as

RANCE

135233

133733

151610
15202
1529C4

158373

- I58847

160€¢€4

164029

' 164754

15§24r
174C5q

17450%

DAY HRS MIN

2

1

12

12

14

1€

1¢

15

15

48

42

1

STATION TERMINATICN DATA

SEC

30

21

g

LY

&0

Y

RA

-17

~-18

-1¢

-16

-1¢€

-1¢

-16

-1s

-15

-1s

CEC

-2

-2

-4

-4

-4

-5

-5

-5

-4

AZ ELV
-93 0
=711 130
-6 ¢C
-94 €
-9 ¢
-94 ¢
~-95
-9t ¢
-95 ¢
-s6 ¢
-95 @
-95 ¢
-9t ¢

X A\

—qq -3
-56 17

90 -84
-90 -4

-90 =S

" -GC -4

-9¢ -¢
“s¢ =¥
<&p =5

§C -84
-90 -5

90 -85

RANGE

158645
148332
171026
172859
172329
17¢539
177076
178629
101397
181869
185747
190521

1sc523

Te-1



VERICLE 1

RACAR TARLZS

TR ACK ING
HRS MIN
cRO-ce 12 s
X=Y US8-10
PARK S 7 2s
AUSTRALTA
vAD-22 1115
X=Y USP=-35
8CN-75 11 57
X=Y USP=30
CYI-04 11 29
X=Y USP=120
ANG-61 10 1
X-Y USR-120
BEQA-02 s 42
X-Y USB=30
MIL-71 B aC
X-Y USR-30
CYM=14 [ 4C
X-Y USB-30
crs-2+ £ 1
X=Y USR=B5
FAW-12 3 2¢
X=Y USE-30
FSK=2€ c 27
X-¥ ysa-as
HSK=- 25 1 24

X-Y UYSe-8%

TIvE

SEC

35

27

1°

1¢

12

42

w
)

26

CaY kRS
2 12
2 13
¢ <1
2 .21
2 22
3 1
a1
2
I
1«
3 T
2 1C
CaesT
a0

SYATIMM
MIN SEC QA
17 1 =14
2C 2C -1a
22 &2 113
FE 4C -1%
12 8 =-13
14 10 =13
212 21 -13
34 ts¢ -13
g 1e =11
4 2 =13
48 40 =12
47 3¢ =12
IN EC % 17C
47 21 -13

CEC

-2

-2

==

-4

-5

-¢

-€é

TC 1Cyz

ACQUISITICN NDATA

A7 ELV
% 0
T2 30
s7 o
sS4, €
% 0
s€ o
e 0
% 0
e ¢
CR
e 0
$71 0
as 13

X

Q0

5a

0

a0

Q0

90

a0

90

0

90

Qo

se

Y

-4

es

-4

-6

-6

7

RANGF

1775138
175°c1
188526
1895022
189349
19204
193307
194501
196778
197320
2007€1

203622

202¢78

CAY HRS MIN

3

i~

1

20

11

11

11

11

11

11

11

13

2¢

45

45

42

15

15

15

15

15

15

12

STATION TERMINATION DATA

SEC

36

&7

10

56

31

40

43

41

37

28

12

RA

=15

=14

-14

-14

-15

-14

-14

-14

CEC

-4

-4

-6

-7

-7

-7

-7

A2 ELV
-5 0
-74 30
-98 ¢
-S& ©
-97 ¢

-105 22
-112 20
-122 34
-156 52
-168 47
126 45
92 ¢
75 28

X

=90

-59

Q0

-67

-69

-51

-17

%2

39

25

=26

v

-5
14
-82
-6
-7
-14
=21

=26

-8
-24

84

58

RANEGE
193222

185832

201467

202640

202846

202693

202923

202073

201278

201485

2C1567

203651

201877

ge-1



fis .I %

.4

RACER TARLF

VEHICLE 1
TP ACXING
HRS MIN

GWM-=24 1 24
X-Y USg-290

HAW-12 1 24
X-¥Y ySp=-30

CCS-¢8 1 24
X=-Y USR-85

GYM-14 1 24
X=Y USB=30

vMiL=-11 1 24
X=Y USf-130

ANG=-<1 1 é
X=Y USB=130

era-c?2 1 1C
X=Y US8=30

CRO-08 1 24
X=Y USB=20

PARK S 1 24
AUSTRAL 12

PSK-25 1 24
X-Y use-gs

GWM= 24 1 24
X=Y USRP=30

HAW=-12 1 24
X-Y UsSe-130 .
GYM-14 1 24

X=Y USF=-30

TIME
SEC CAY
20 3
13 3
12 3
12 3
2¢ 1
1e 3
0 3
2 a
24I a
2¢ 2
27 2
20 2
2¢ 3

STATICN ACQUISITICMN NATA

FRE ¥IN SEC

11

11

11

n

1

11

13

13

13

13

&7

47

&F

4

42

48

c&

42

53

11

1?

1¢

°A CEC
-13 -7
-13 -7
-14 =7
-16 =7
gy oF
-15 -7
-15 -7
-12 -5
-12 -5
-12 -5
-12 -¢
-12 -g
12 ¢

A7

-E]

13¢

-15%4

-144

-102

-107

&Q

107

-17¢C

-114

FLV

s

51

45

37

17

35

«1

27

X

RS
30
43

-27

a1
51
-28
54
-5

-50

Y PRANCE

-8 2030CH9
=26 200657
-17 200960
-32 20¢722
-23 201710
-11 2026427
-17 202scc

-2 202950

17 201382
47 201402
~14 2014€S

~28 200452

~22 201865

nAY

)

HRS

13

13

13

1?2

12

15

1€

1F

MTN

12
12
12
12
12
54
se
2¢
20
20

2¢C

2C

STATION TERMINATICN DATA

SEC

12

26

28

14

13

té6

1e

24

RA CEC
-12 -6
-12 -¢
-13 -6
-12 -6
-12 -¢
-14 -¢
“16 -¢
-11 -5
-11 -5
-11 -5
-11 -5
-12 -5
-12 -6

LY4

103

167

-133

=122

-102

82

48

45

119

ELY X Y
25 55 =12
61 T =28
€ 42 =37
JE =45 =26
11 -78 -i3

C =G0 =%

C =90 71
27 63 7
Sé 3i Z;
5S¢ -30 27
54 33 =17
€3 -28 -25

RANGE

202079
200536
201531
201517
202861
202640
202824
202123
200982
201634
205912
2C0943

203031

pe-1



VEFICLE 1

T=ACK ING

GNS=-28
X=¥ LSR-3¢

MIL-T1
X=-Y USP-130

cee-ce
X-Y LSR-30

HSK=25
X=Y USR-gS

PARKS
AUSTRALIA

GWM=-24
X=Y yse-30

HAW-12
X=Y US5B=-30

Cym-14
X~Y USA-30

GLsS-7¢8
X=-Y USR=RF

CRrC-CH
X-Y 1ISe-20

FSK=2%
X=Y LSP-85

PARKS
AUSTRALIA

GWM-24
X-Y USB-20

1

-

n

HRES MIN

24

11

11

1"

n

27

11

11

11

FACAR TARLF

TIME

SEC

7€

1@

w
n

27
37
2Q

2g

wn
[t

LR

&5

54

CAY FES MIN

112 Fs
el 13 Eé
LPC CNAST
I S 4
T 1¢ 4
EIE 4
3 1¢ 13
214 L2
2 1¢# H
T 1€ <
2 1s 7
2 1: 2
17 3
K} iFf k]
-

STATICN ACQUISITICM

SFC

2C

QA

=118

14

nec

.
il

-«

az

-122

TO LV SEPACATICN

47

£ie

1+

15

i3

-10

-11

-11

=11

-F

-4

-4

-4

77

2!:

-123

-¢7

sC

_24

NATA
LY X
29 45
2 -38
37 52
S5 =31
58 18
51 21
45 =4
1 -99
5 é4
60 24
55 -1
53 ~14
70 -1¢

Y

11

16

27

-1e

-23

-7

=78

-18

RANCE

201405

203327

201544

2007¢¢

70CkC4

20C54¢

201160

203506

202z2¢1

2007¢&7

20CREE

2008en°1

2NN818

NAY HRS MIM

3

w

w

w

W

1€

14

17

17

17

17

17

1€

16

1¢

)

19

20

16

16

16

1e

1€

10

32

14

14

14

15

STATIGN TERMINATION DATA

SEC

46

39

22

35

55

12

27

RA CEC
-12 -%
-14 -¢
-10 -4
-1l -s
11 -4
-11 -5
-11 -5
-12 -6
-12 -¢
-1c -4
-1c -2
-10 -&
-10 -4
»

AZ ELV
-10% 14
-97 ¢
€1 51
-3 5¢
-2 &l
17 72
-111 31
-56 C
-¢1 ¢
14 68
-48 41
-50 49
-122 58
[ ]

50

=90

36

=32

~32

-33

=27

Y

-68

-7

16

-1

2%

-1g

-6

-e3

21

-3C

25

=16

RANGE

202845

203021

200958

2CCT10

200633

2CC390

201880

202324

2C2391

20C594

2ci254

201169

200863

Gge-T



C

VEHICLE 1 PRarae
TRACKIMNG
HRS ~IN

HAW-12 111
X=Y USP-30

CRO-CR 1 1

. X=¥ UsP-3p ;
PARKS 0 59
AUSTRALTA

HSK=25 1 1
X=Y USE-RE

GWM=-z4 . 111
X=¥ use-10

MAD-23 111
XY ysg-es

CRC=CR 1 11
X=¥ Usa-10
FSK=25 1 11
X% use-as
Gup-24 . 1 11
A=Y JsA-30 .
ACN-I8 0 €7
Xoy (1sp23p
Wit~

CYI-64 c ¢2
X=¥ use-io
ACN-75 . 1 11
X=Y USF-13)

CYi-04 Tl

X-Y YSE-130

TAPLE
TIMF
SEC Cry
44 3
41 2
20 3
ag z
47 2
&7 2
&4¢ 2
X 2
;c 2
56 2
7 3
40 3
L& a

STATICN ACCUISITICN DATA

FRS MIN SEC

1¢

20

2C

20

21

21

22

2?2

2?2

2

-’

25

3C

w
D3

1

12

4

&7

F2 CEC
-11 =-F
~-1Cc =&
-1C =4
-1C =4
-10 -4

-Q <z

-3 -1

-3 -2
=10 -4

-9 -2

-7 -4

-7 -2

-7 =4

A2

~1n€

=112

<7

<3

<4

1cE

fLV

21

62

4l

4R

N

17

21

g
H

X v
-59 -14
-1 21
-45 21
-21 -42
-40 =15
73 82
-24 17
-26 =71
-49 -9
90 -1
9 -4
a5 9
70 -14

RANCE

202503

200¢€85

201%5R9

2015¢9

2012¢%4

203858

2011250

2029¢F1

202724

20331¢

2029¢7

DAY

]

w

i

"w

HRS MIN
19 18
71 13
i1 o
21 13
21 13
22 11
23 11
22 11
22 11
23 11
22 11

1 <
1 9

STATION TERMINATION DATA

SEC

14

11

56

15

ac

34

34

42

12

16

RA DEC
-10 -4
-3 -3
-9 -3
-9 -3
-9 -4
-1 -4
-8 -?
-8 ->
-9 -3
-7 -3
-7 -3
-6 -2
-6 -3

LY4

~-97

-T74
103
106
-5
-91
-G4
o1
GS
£¢

11%

ELYV
5

58
3c
2¢

32

&2

A4

x Y
-85 -7
=25 2¢
-56 15
=30 -59
-57 -11

49 56
-?5 12
?8 -87
gl
i
%1 -9
£
?4 =20

RANGE

203465
2C0990
20153¢
2C23R8
292077
20?l?§
?02}0?
202875
22158

R

203228

FEe

203495

201870

3

202267

S

5\

9e-T



VEHICLE 1 FACAP TARLF

TEACK [NG TIME STATICN ACOUISITICN NATA STATION TERMINATION DATA
H2S MIN SEC TAy #RC YN SEC =4 PFC AZ FLV X Y RANGE TAY KRS MIN SEC  RA DEC  AZ ELV X Y RANGE

MAD~23 HE B BRCY 1 23 57 6C -7 -4 118 23 47 54 202751 4 1 9 49 - -3 132 35 &4 37 202223
x-y Lsp-ac ;

CrO-00 1 11 4s T 23 fF 11 -8 =2 <81 24 -6k B 2027189 4 1 10 o0 -8 -2 -AA 8 -82 2 203689
X-Y yse-2n 3

ACA-75 1 11 s « 1 8¢ & -4 -2 B3I 54 26 4 201512 4 3 7 s2 -5 =2 7 70 19 & 201086
X-Y YSB-130

ANG-©1 1 '1 42 4 .1 FE ¢ =5 =3 34 5 &5 =4 202963 4 2 7 49 =5 -2 §5 21 68 =5 203047
X-Y USR~30

BDA-C? 1 11 4% 4 1 E£ &  -A -3 @4 1 RI =4 204150 4 3 7 sS4 =5 =2 102 1€ 74 -12 203371
X-Y USP-20 ;

CYI-04 1 11 a7 & 1 56 1T -6 =2 125 &3 42 -25 201534 4 3 £ 1 =5 =2 146 S4& 23 -28 201533
X-Y YSR=130

¥AC-23 1 11 4z 4 1 fe 16 -8 =2 145 4D &4 2& 202027 4 23 2 -6 -3 16FP &6 43 @ 201831
X-Y USR-As

viL-71 c 11 cE 4 z gg g3 -5 - 91 Qg 99 -3 203663 4 1 7 51 =5 =2 94 2 87 -4 204145

X=Y YySe=20

ANG-Q1 1 11 51 4 3 S4 2+ - =2 106 132 87 =12 2023%5 &4 N € 17 -6 =2 113 48 39 =15 201887
X=Y LSP=130

FIL-T1 1 11 #1 4 1 fa 2¢ -5 =2 106 13 77 -10 207151213 4 = e 17 -4 =2 106 2e 61 ~-17 202849
X=Y {ISR-1Q

RCA-02 1 11 €2 4 ? 54 23C -5 =2 111 25 63 =19 20797° 4 € 6 23 =4 =2 1264 38 4¢ =26 202312
X-Y USR-30

ACN=-7% 1 11 5% 4 EI-C -6 =2 4G a) 7 & 201017 4 £ & 29 -5 -1 -5 78 -10 T 201115
X=Y USR=30

CYI-04 1 11 =4 3 2 f4 27 -£ =2 154 38 Q =30 2014¢1 4 b 6 31 -5 -2 =162 59 -1C =29 201516
X=Y USf=-320
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VEHICLE 1

TRACKING TIME

FAT2F TARLE

HFS MIN SEC

MAD-23
X=Y USR-ES

GYM-14
X=-Y LSE-30

GYM=14
X=-Y UsSe-30
Beea '
CRS~28
X-Y USB-PS

[ A

Mll#’li

X-Y Use-3p

L 3
MNG=91’

X=Y USR=30

aca-02
X=Y UsSe-3p

A~E T e

X=Y USB=10

DA Fgiee w0

CFF-a%
X-Y USB-30

i Tare g

RAD=73:
X-Y ysR-ac
N el

Cyw=1é

X-Y USR=-30

L
GCRS=2R
X=Y YSF-ac
Q‘Lssl_
X=-Y usea-129

1

bes

L

10

T

11

12

|33

12

12

S

46

42

3c

&7

40.:

38

&

&~

2

9]

n

"

¢

58

52

Gl

52

\n
~Ny

e

50

Sitn

rAY +RS WIN SEC

42

25

46

&,

£c

€9

RA

-4

-4

-4

-4

-3

-

-&

CEC

-2

-2

-1

AZ

-178

e?

ce

27

: =162

-127

11¢

118

ELV

4“7

12

29

27

LS

STATICN ACQUISITICN DATA

x Y

43 =3

23 =2

78 =R

7. =22 [

-24 -28
43 =37

51 -20

RANGF

201382

204025

203018

2041£3

202457

201617

. 202C52

20137«

20112¢.

202282

202420

203018

201811-

DAY HRS MIN

A

L

4

STATION TERMINATICN DATA

SEC

47

12

25

25

31

3T

LY

&8

5%-

RA

-5

-4

-3

-&

-&

-4

-4

-4

-2

CEC  AZ ELV
-2 -151 44
-2 93 2
-1 107 27
-1 101 2¢
-1 133 50
-1 154 T¢
-1 16C 5%
-1 -82 ST
-1 =122 &3
-1 -12¢ 2e
-1 121 s¢
-1 130. &
-1 -178. &L

x

43

a8

62

39

31

43

3.

36

-1

Y RANGE

=20 201998

-3 204336

=15 203020

64 203415

=26 201959

-1& 201371

=33 201194

5: 201961

2. =23 202Z240¢

=50 202957

=25 212114

35 202482

=29 201751
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VERICLE 1 CATRP
TRACK NG
HRS MIN
GYM-14 0 21
X=Y UsSe-120
MIL=-71 o 31
X=Y USP=30
ACA-02 c 1
X=Y USB-20
ANG-51 0 21
X=¥ USBR=-120
HSK=25% 111
X=Y ySp-pc
GHWM=-Z4 111
X-Y¥. Use-30
FAN=-12 1 11
X=Y USR=-130
" €D5-2% 1 1
X-Y ysp-3c
GYM-14 1 10
X=Y USR-30
MIL=71 1 10
X=Y USB=-30
epa-C2 c 1z
X~-Y use-30
CRO-08 0 42
X=Y JsSe-120
P&RK S ¢ 21
AUSTRALTA

29

31

44

wn
W

21

w
N

47

FES o MIP
13 22
12 2=s
12 2¢
1z 2%
12 4t
12 a&f
12 &t
17 &€
12 ¢
13 4¢
12 &
14 14
14 28

SYATION 8COLISITION

SEC

5

L6

2A CEC
-t 0
-2 o
-2 0
-2 o0

c 1

c o0
-1 0
-1 o
-1 o
-2 0
-2 0
o 1

c 2

Az

-1«0

=111

-10?

-0s

71

¢

137

-13¢C

-11¢

N&ATA
ELV X
65 =24
13 -5¢
10 -7
17 =72
21 =38
26 56
67 10
%2 135
42 =44
17 =72
3 -37
5 20
29 &8

Y

A1

=

=22

21

RANCF

200864

201R12

2025FR5%

2n2€ca

203766

203¢7¢

201533

2027¢1

202761

204071

2049C*s

203R57

2020097

STATION

CAY HRS MIN SEC

4

12

12

12

12

14

14

14

14

14

14

14

14

&9

54

59

s7

57

57

57

28

32

34

22

31

47

13

13

37

18

23

TERPMINATICN CATA

RA DEC
-1 [o]
-1 0
-2 0
-2 0
1 2
1 1
c 1
0 1
0 1
-1 1
-1 0
1 2
1 2

AZ ELV
=130 51
=106 27
-98 12
=93 11
57 135
100 41
-158 67
-114 31
-10e 2¢
-50 2
-9C C
L% 9

59 135S

X

-32

-62

=77

-79

-3¢

45

34

-60

50

Y

-24

~l4

=3

4%

-52

-14

24

RANGE

202345
203452
204262
204335
202169
202888
201985
203392
202407
204911
204634
204582

203128

Te-T -
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VEHICLE 1 RACAR TARLE

TRACKING TIME STATINN ACOUISITICN DATA STATION TERMINATICN DATA
HRS WIN SEC LAY FRS WIN SEC  RA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELY X Y RANGE
CRO-CB 1 11 40 4 15 43 54 1 2 7€ 19 70 11 204077 4 1€ S5 3 2 2 69 34 S4 18 203336
X-Y USE-30
HSK=2% 1 11 4l « 15 43 ST 1 2  4¢ 42 =38 32 202617 & 16 %S¢ 38 1 2 23 50 -38 15 202651
. X=¥_USB-8S . B i . : Cea
PARKS . 1 11 &1 4 15 431 =G 1 2 4B 44 3 29 202856 4 16 55 4C 1 2 26 52 19 34 202572
AUSTRAL 14 —_ : ‘ ]
Gm-26 .. 1 11 42 4 15 46 4 1 1 10¢ 52 37 -10 202519 4 16 S5 46 2 2 12¢ 68 19 -11 202102
X=-¥ 1sg-30 . - ‘
HAN-12 1 11 38 4 15 44 27 0 1 <134 &1 =22 =20 2022C7 "4 1€ 56 1 1 1 -114 48 -3 -16 202726
M=% USB-30 - .
Gns-28. .. 1 11 37 4 15 & 31 -1 1 =104 22 34 -63 203917 4 1€ 56 9 0 1 -95 9 28 -80 204776
K use-es . o s Moy BT e G e
Rols . 1 11 34 S % 15-4€& 23 .=} ¥ =45 18 -T2 -9 206117 4 16 56 T 0 1 -90 & -BE O 205069
. Y UsSE=T0 R S ‘ L I = e . Lo e T A
i . 3 " = i 3 = ; ’ a i & - Fi f 4 & T e }_L.f“‘s
GRO-C8 .. 1 11 =2 4 17 4z 12 2 2 40 &4 42 21 202985 4 18 S& 6 -2 .3 B %S 24 26.202509
,-X=¥Y UsB-30 5 : : R T i b
S J ] ERC T . TR PE osvn gy TDEmel
HSK-25. . 1 1! Se & 17 62 1€ 1 2 & 52 =38 3 202651 4 18 S& 17 2 3 -22 45 -35 -14_2C2820
<. B=¥ USB-2s - . : R . T
RARKS.. _ .. 1 11 €0 . 4 17 &2 1§ 1 2 & 55 4 135 202561 4 18 5S¢ 19 2 3 =22 %2 -17 35 202722
MUSTRALIA . " I . ‘o o R . B
CuN-24 1 11 5% T &.17 42 26 L 2 148 75 T =12 202027 4 18 S6 25 2 2 -137 TS -1C -11 202126
X-¥ U$Sp-10 '
M2 1 11 se & 17 42 27 0 1 -10¢ 38 =51 -12 202715 © 4 1B S4 36 1 2 =97 23 =67 =T.204118
X-¥ USR-30 - g ; 7 .23 267 57 20411
CRo-ca™ 7 0, 1z 47 e 15 4C 38 2 3 .2C &1 11 27202501 4 19 53 25 2 .3 14 €2 .7 27 201836

T X=¥ yse-130 o ’ ’ o



VEHICLE 1

FACAQ TARLE

TRACK ING
HRS W¥IN
HSK=2€ 0 12
X-Y USP=F*
PARKS 0 12
AUSTRALTA
GWM=24 g 12
X=-¥ USE-30
FAW-12 c 12
X=Y USP-20
HAW=-12 0 41
X=-Y USE-130
CRO-08 0 se
X=¥ USR=-20
PARKS ¢ =4
AUSTRAL T2
HSK=-2¢€ c 8
X=Y USp-95
GWM=Z¢ o €2
X=-Y USR-20
CRp-C8 1 11
X=-Y ySe-30
HSK=-25% 1 1
X=Y USR=RS5
GWM=-24 1 11
X-Y USB-30
MAD-23 C 40
X=Y USR=8S

L

STATICN ACQUISITICN NATA

FRS VYIN SEC

TINMF
SEC Cey
39 4 113
EL] 4 19
3l 4 1¢
21 4 16
LCFC]
.38 4 1¢
34 4 1¢
40 4 1¢
41 4 1¢
€2 4 15
47 ¢ 21
43 4 21
40 4 21
4¢ 4 22

<0

40

aC

TC LV JETTISCN

53

3

g2

EQ

4

LE

sS4

&5

RA [EC
2 2
2 2
2 2
1 2

1

n

"

w

=29

-42

27

ELY

A

47

45

52

45

43

A3

54

25

aR

-39

=34

-39

=286

Y

-26

32

-10

-1

27

31

=29

=10

27

-85

87

RANGE

202084

202984

202367

204774

204305

201818

202405

2025¢5

201794

2027¢2

204150

203488

204374

CAY

STATION TERMINATION DATA

HRS MIN SFC

19

19

19

1¢

20

20

20

‘20

20

22

22

22

53

53

53

53

35

52

52

50

50

50

25

25

25

25

22

19

28

26

37

4€

48

58

39

RA DEC
2 3
2 3
2 2
1 2
2 2
3 3
3 3
3 3
3 3
4 4
3 4
Ll 3
5 3

AZ ELV
-42 &3
43 45

-112 63
-92 5
-87 ¢
-16 61
-56 36
-55 34

-102 5¢C
-56 44
~7¢ 12
-92 22

93 8

X Y RANGE
-39 -29 202519
-34 31 202420
-26 -10 201809
-81 -2 204317
-90 3 204666

-5 28 202557
-49 27 203547
-40 -43 203643
-40 =8 202945
-41 23 203308
-48 -T2 204983
~68 -2 204422

2c 2 205235

ee-T.



C

X=¥ LSR-30,

TABLF
TIME'
SEC

33

33

35

319

SP.*

56"

51
"E:
42

42

12

VERICLE 1 PRACAR
TRACK ING
HRS MIN
ACN-T75 1 11
X-Y USE-20 . :
CYI-04 1 11
X-Y USe-20
MAD-23 1 11
X-Y USE-85
cop-ce-° 1 1
Y OSE0
HEX=28 ¢ 12
X-¥ usB-es
CWMe2g ¢ 0 &S
© R=¥_U5B-30.
L 0
atW=Ts ) s B |
X-y yse-20 .
cvi-cs R )
XY US8-10
uati=Fy 111
X=Y USR-As
cRO-TE c ez
X~¥ USB=30
BNGSS] " 2c
X-¥ USE-30
BDA-DZ 28’
x-¥ USe-30
ANGEBY- - 1 11

4 23 37
4 22 27
4 21 27
[ 27 37
4 21 27

BRI S

& .
5. 1 13t
5 1 35
s 1 ¢
e 1 15
= 2 1
5 2 19
e 3 T

STATICN ACQUISITICN NDATA

CAY FES MIN SEC

<

16

&1

15

47

kA CEC

‘ 5 3
s 3
5 2
1.
1: 4
312
[
6 3
6 3
'y
7 L3
7 4
7 4

A2

a5
91
101
=5¢
~83
afg

TS

126

L =81

1]

g6

32

ELV X

8 92

8 82

16

32

35 =53

3 =69

1@ =80

TIT 53

W 55
3F 3 3¢

G =9¢C

19 71

Y

-1

70

20

-82

-13

42

-2

RANGF

205272
205275
204790
203RCO

205600

‘. 20%12%
9 203383

20406

203838
205122
20462¢C
204706

204514

STATION TERMINATION DATA

CAY HRS MIN SEC

5

0 48 &2

23

)

48

48

45

0

23

4T ¢

47

47

19

47

&7

45

52

56

10

11

16

2%

10

22

6

DEC . AZ ELV X
& 82 25 65
3 99 23 e
3 113 29 135
4 =75 2C -70
4 -85 ¢ -90
3 -#6 C -90
5 TI 52 :3€
& 118 42 38
& 142 41 36
s- -85 € -90
« 8e 8 82
4 89 6 84
s 97 3% Sa

Y RANGE

7 204366
-8 206657
53 204151
14 204672

-85 20%102

4208633

1Y 203239

=180 203422

+ 75 "203459

s' 2C4T1F

2 205404

1 205622

-5 204101

ve-T -



VEHICLE 1 RACS®
TRACK ING
HRS MIN
MIL-T1 1 1
X-Y USR-30
ACN-75 1 1n
X-Y Use-130
BCA-C2 1 11
X-Y USB=10
CYI-Cé 1o
X-Y Use-20
MAD-23 111
X-Y LSE-85
GYM-16 1 1
X-Y. USE-30C
ANG-91 1 1
X=-¥ USP-30
MIL-71 1 11
X-Y USR-10
BCA-C2 1 1
XY use-2g
ACN-T75 11
X=Y USR-20
CY1-04 11
X=Y yse=1g
vap-23 111
X-Y Use-3s
GCS~22 0o £2
X-Y USR-85

o

TAPLF
TIME
SEC

35

41

s

47

38

40

40

e

¢

cay

n

mn

AN

FRS MIN

¥}

]

(¥

w

n

n

n

wn

W

w
1w

W
~

W
N)

"w
[\¥]

ny

STATICN ACOUTSITION NATA

SEC

4€

45

45

ca

2N )

11

12

R2 CEC
7 &
& 5
7 ¢
6 &
5 4
g <
g =
a A
2 &
7 5
7 4
4 4
” 4

Ly 4

]Y7

h2

Qs

131

15¢

102

100

-le8

-1F2

ELV X

2 sa
66 24
16 74
57 26
52 1317

1 ae
4T 42
27 62
40 69
78 -
t5 =K
51 34

c -S¢

\4

RANGE

205925

202980

205119

2071€2

203355

206140

203650

204614

204002

202074

2030456

203515

2051315

CAY HRS MIN

5

\n

4

45

45

45

45

45

43

43

43

43

43

42

3

STATION TERMINATION CATA

SEC

26

EX

28

41

%2

40

64

L3

47

51

56

&C

44

RA DEC
8 5
T s
8 4
T s
1 4
9 5
B S
9 s
8 5
2 6
a s
g8 5
s 5

AZ ELV
9% 17
24 7€
105 3¢
162 66
=172 5S4
93 1¢
113 63
111 42
131 %2
-60 62
=123 5S¢
=121 a2
1 11

X

73

[

59

3¢

74

25

46

ac

-24

=23

[}
"

Y

-4

13

-13

=10

-15

-22

12

=21

RANGE
205096

202801
204384
203001
20336l
205293
203209
203955
203547
2¢2210
203325
2€2909

205619

se-1 .



e e wiEESEs  e ELENE s e

D
X=-¥Y USe=30

Tt 1

~—
VEHICLE 1 RACAR TABLF
TRACKING TIME
HRS VIN SEC
GYM-1& - 1 11 45
X=Y USe-30
€Ds-28 1 11 47
X=-Y USp-f5
PIL=TE 1 1 c2
X-¥ usr=30
g X —n
ME=SY - 111 Eag
A=Y yse-30
eCA-02 . 1 11 £3
X~¥ USH=30
- GaE
ACN~T8y 5 111 te
X=¥. USR-30
kTl g 172
vevhde: ¥ 1 o=
© L X-¥ ysssTp
PAEZ3.: 111 &
- WY g%e-rs h
.. m ﬁz: -ad 3o
- !l ,' l""
X=Y use-30 '
Geb D a3
G¥Npls. . -1 111 34
v use=30." -
=& & -
ENS=28: 1 .Y 34,
X-Y- ySR-gs
amh g
1 _all_‘;-‘!b;\t
1 ;l!:j’ivj

STATION ACOUISITICN DATA

CAY HRS ¥IN SEC

5

\n

7

LY

20

3¢

: 26

.

2R

T 2E

28

21

21

24

25

22 .

ET

a

I}

- 45

n
\n

RA CEC A7
s & ag
9 5 S¢S
B 5 122
& 5 17
B 5 1ae
7. & -7¢
5 ~11e
T, 5 =11¢

10.. & .87
. 6 11§
9 " & 12¢
9 ¢ 172
9. ¢ -124

ELV

27

29

51

73

51

43

€7

n

X

53

22

34

12

1A

-36

=36

34

a1

-1

Y

-8

&8

r2
~18

%5

<18
40

=22

R ANGE

204758

205146

203650

203C6°5

20313cA

203€11

203672

204303

205959

203R04

2064140

203318

203237

STATION TERMINATION DATA

DAY HRS MIN SFC

5

A

]

10

10

1C

10

1c

%2

42

42

«2

42

42

42

42

40

' 40

40

40

40

6

16

1¢

20

27

34

23

11

19

27

28

RA

10

10

11

10

10

10

DEC

6

A7
106

110

-15¢%

-177

~10%

-1C4

93

142

136

=147

-104

ELYV
42

34

63

54

64

1]

x

47

27

16

-4

-52

2§

65

17

29

~15

-33

Y
-14

51

=22

22

=22

RANGE

204126

204478

203356

203066

202357

206406

204371

' 205012

205105

203487

203768

203473

2023721

9¢-1



VEHICLE 1

TRACKING TIME

8DA-02
X=-Y Use-30

ACN=75
X=Y USR=-30

MAC-23
X=Y yse-es

Cyi-04
X-Y USP-30

HAW-12
X=Y UsSB8-30

GYM-14
X=Y. Use-30

€0S5-2AR
X=Y UsSB-#S

YIL-T1
X-Y USR-130

MNG-91
X=Y USA=30

eCA-02
X-v UYSE-30

CY1-Cé
X=-Y USP-20

HSK=25
X-Y USR-€%5

GWM—26
X-¥Y Use-130

Vi

RALCAR TABLE

HRS MIN SEC

1

r-

11

11

11

11

11

11

11

11

»

11

11

33

26

31

L34

17

32

21

STATICGN ACOQUISITICN DATA

CAY HRS MIN SEC

5

\n

Q

11

11

11

11

11

11

13

13

2F

25

29

2¢

2¢€

27

27

27

27

2°

SN

1C

11

15

1C

RA CEC a7 ELV
o S -153 60
2] 6 =890 24
5} & =66 15
a & =9f 27

1 -] 6 35

107 6 16& 58

1c & 15¢ K6

10 € =127 57
< 65 =03 44
8 A =115 43
5 & =34 1

12 7 TE 6

12 7 85 10

X

-15

=65

22

-63

54

-4€

-4t

-q0Q

RO

Y

-7

-7

11

-20

-18

75

RANGE

203483

205023

2055738

204918

204628

203244¢

203675

203745

204201

204275

206516

206390

206159

DAY

N

\n

STATION TERMINATION CATA

HRS MIN SEC

10

10

10

1C

12

12

12

12

12

12

11

14

14

40

40

&0

40

38

3e

39

29

39

30

32

39

&7

56

56

32

35

40

RA DEC
10 6
9 7
9 [
9 6
12 7
11 7
1 7
10 7
10 R
16 7
9 6
13 a
13 i

AZ ELV
-126 51
-82 8
-85 3
-89 12
108 51
-148 €S
=167 6l
=11C 44
-51 28
=102 29
-83 C
65 19
98 27

x

-33

-82

-61

=78

37

-14

29

-45

-62

-6C

-51

63

Y

=22

-84

-11

=21

-6

~14

-10

59

RANGE

203873
206087
206383
205852
264026
203589
2c3720
204338

2C€5080

‘205034

206280

205699

205275

Le-1



(\H‘

VEHICLE 1 RACAR
TRACKING
HRS MINM
HAW-12 1 11
X-Y USP-30
¢DS-27 1 1
X=-Y YSP-g5
GYM=14 1
X-Y US’8-20
eIL-T1 111
X-¥ uysa-120
ANG-%1 1 M
X-Y LSP-20
BOA=8? 1 1
X< @sp-30
crB-0R 111
X~y ysa-20
HSK=2§ 1 1
X-¥ U$pr-8s5
GWi-24 11
X-yY use-30
+aW-12 . 1 11
X-Y ySB-30
6DS-29 1 1
X-¥ yse-nc
GYM=14 1 11
X-¥ USR-120
viE-71 c 41

X-¥ USR-19

TABLE

TIME

SEC

3¢

36

12

22

ray

'

FRS MIA
12 28
13 25
12 2¢
12 s
12 2s
12 2s
1= 22
15 22
15 22
12 27
1= 22
1= 22
15 21

STATION LCQUISITICN DATA

SEC

w
N

27
ac
4

11

2

40

RA CEC
17
11 &
117
w7
10 7
10 5
13 ¢
.12 8
13 7
12 7
1m 7
1 -
17

A7 ELV
11 51
-145 55
-120 =8
=102 34
-ne 17
-G8 123
ac 3
e 27
s1 3%
-1¢s 7%
-112 139
-102 35
-a7 9

29

=72

a7
-47
52

-4

-S54

-81

Y

-1 2
3 Ot

-18

10

47

-15

-47

=10

W

RANGE

202751
203385
203RZR
204834
205728
2055919
2067517
205323
2047E€4

203600

20477C

2064910

2062¢5

CAY

\n

8]

HRS

14

14

14

12

14

1&

1¢

16

16

1€

1¢

1é

1€

MIN

36

35

35

STATION

SEC

54

13

12

11

14

27

35

34

45

TERMINATION CATA

12

11

11

11

11

11

14

13

13

13

12

12

12

DEC A7 ELV

T 152
7 =122
7 -11C
7 -a2
7 -8
7 -B5
e 72
9 139
g 95
8 ~122
8 =65
e -92
T -2

73

47

4%

1

17

37

x

27

=43

-1Nn

-~

Y

-15

=35

-14

17

30

-13

-4

=2

RANGE

203552
204339
204401
2c€720
20e7e01
206525
205949
204901
206173
203987
205538
205788

2055667

8e-T



VEHICLE 1 RACAR
TRACK NG
HES MIN
PARK S 1 1
AUSTRALTA
CrRO-C* 1o
X=Y tSR-120
HSK-25 1 n
K=Y ysh-g&
FARK S 1ol
AUSTRALTA
GhM-24 1o
X=Y USR-130
FAW-12 111
X=Y .UsP-10
" eps-26 111
X-Y yse-ge
cyr-1a C 45
K-y LSP-130
CRO-C® 111
X-y Use-1C
PARKS 1 11
BUSTRAL 1A
FSK-25 1
X-Y Usp-ac
CWM-Z4 11
X-Y USP=20
Hew=12 1 n
X-Y USR-139

TABLE

TIME

33

34

34

]
wn

S7?

54

c?

43

STATICN ACQUISITICN

CAY FES MIN SEC

s

wm

n

n

o

T

1%

17

17

17

17

15

1cC

~)
o

21

~3
~y

v
)

4t

4 &

£33

1@

RA

13

14

13

e
w

12

12

14

14

CEC

]

0

AZ

58

45

2¢

11

-1C¢

-a7

40

-1l4

DATA
cLv X
0 55
27 60
42 =45
Y T
£¢ 23
58 =24
15 7
10 -3¢
“r  13Q
47T =12
4% =45
a2 -4
2e -61

Y

29

31

41

-10

RANGE

204644

205472

204727

20463€

2039cC1

204222

2041C%

206417

204550

204578

204768

2038CO

20c5z1

n

wn

wn

wn

1R

18

1e

1e

1P

18

2C

20

2C

23

11

31

12
-

STATICM

SEC

12

18

2C

27

62

4

5C

sa

TERMINATION CATA

RA DEC
13 9
14 9
16
14 ¢
14 A
12 8
12 s
13 @
15 10
15 10
15 10
15 9
14 =

AT ELV
42 3¢
52 40
3 4S
4 48
12 g2
-98  4¢C
-82 2
-81 ¢
15 55
-35 4¢
-3¢ 2p
-99 &7
-86 12

X

40

43

-45

10

-4

-22

-7

Y

36

28

-81

34

38

-27

RANCE

204926

204892

204670

204566

2C2728

2049136

207015

2C6040

206469

‘205040

205153

2064127

2064956

6e-T,



o
VEHICLE 1 RACAR TABLE
TRACKING TIME
HRS MIN SEC

CRO-08 1 11 3
X-¥ USE-120

PARKS ¢ 26 21
AUSTRAL 1A

HSK =25 1 11 2
=Y USP-RS

GHM-26 1 11 41
X-Y USP-30

HAW-12 € 10 14
X-¥ USB-30

pAD-23 111 4e
X-Y.USP-AS

CRO-C8 1 11 e
X=Y USP-20

HSK-25 1 0 43
X-Y USp-85

eWM-24 1 11 35
X=Y USP-30

CY1-04 0 51 42
X=Y USR-30

'ACN-75 0 36 1¢
X-Y LSE-20

ACK-75 1 11 3¢
X-¥ USB-20

tYI-04 14 11 3¢

X=Y ASP-30

CAY

"

wn

n

FRS VIN SFC

21

21

21

21

27

2’

1€

19

1€

1¢

1¢

1€

1¢

20

£1

14

14

2€

a1

31

37

a1

44

€C

a1

52

«7

51

RA TEC
15 ¢
14 10
1; 10
|
16 «©
17 o
15 10
15 10
15 o
17
17 10
18 10
10 10

A7 ELV
-£& &5
-42 34
=47 132
-04 55
-82 2
ae [
4% 43
=45 11
;86 27
ac G
ac c
75 20
s1 23

STATICN ACQUISITICN DATA

-48

-4 R

-38

-61

-62

0

°0

70

67

A

34

34

a1

g

-£€

10

10

13

-1

RANCE

2064459

205402

205512

2044¢8

207167

20€984s

205124

206781

2059€2

206772

20&1¢1

206450

206299

CAY HRS MIN

S

\n

22

21

22

22

29

42

30

29

28

17

2e

28

28

26

26

SEC

60

52

17

18

27

27

38

14

23

ED

RA DEC
16 10
15 10
15 10
15 9
1% o
18 9
16 10
16 1o
16 10
18 1¢
18 10
19 11
1@ 10

STATICN TERMINATION DATA

AZ ELV X
-32 5C =24
-53 30 =54
-61 20 -53
-85 39 -51
-81 ¢ -90

s6 22 1%
-6C 30 -5¢
-7 ¢ ~90
-p2 11 -7¢

es 12 78

76 e 82

71 36 53

99 138 52

Y

33

68

26

-77

11

16

RANGE

204788
204493
206224
205269
206784
206287
205837
206969
206917
206824
207045
205678

205587

ov-1'



VEHICLE 1 RACAR TABLE

TRACK ING TIMF STATION ACQUISITICN DATA STATION TERMINATION CATA
HRS MIN SEC [AY KRS ®IN SEC  RA CFC A7 ELV X Y PCANGE CAY HRS MIN SEC RA DEC  AZ ELV X ¥ RANGE
MAD-23 t 11 2e € 1 14 €& 17 9 105 30 22 5T 205276 & 2 26 27 18 10 1lle 43 27 40 205363
X-Y USP-£S
CRO-08 111 43 6 1 15 © 14 10 =67 20 =58 21 2064C0 6 2 26 S2 17 11 -75 & -84 15 207372
X=Y USB=-30
KCN-T5 L € 1 12 s5° 18 11  :% 47 41 17 205278 6 3 21 27 18 11 64 4S5 38 17 204771
X-¥ USR-120
ANG-ST’ c e 26 £ 7 17 € 15 10 81 & A& S 20742% 6 3 21 27 19 10 832 € 82 8 2C6878
X-Y USP-30
BCA-C2 o & 22 € * 12 2 15 10 *®2 5 895 A 207443 6 7 21 27 15 10 83 7 83 7 206912
X=Y USE-30 . ' ,
CYI-cCs o 8 19 6 3 12 E 18 10 107 48 41 =11 205217 6 3 21 27 18 10 108 50 39 -12 204724
X-Y . USE-30
MAC-21 (I ¥ € 3 12 1% 18 10 122 50 23 28 205126 € 2 21 27 18 10 135 51 29 26 204665
X-Y USR-85

LPC COAST TC LOPC?

ANG-<1 1 2 7 é 22?21 1 1e 10 = a a2 B 2048772 6 4 24 38 20 11 85 22 68 5 206542
X=Y USR=20

ACN=-T5 1 2 1C € CI S | 12 11 £G4 49 22 17 20477 6 4 24 42 19 11 48 61 23 19 204845
X=Y USP-30 '
ein—cz 1 2 1¢ é 271 M 1¢ 110 i 7T X212 T 2n6907 -] 4 24 4R 2C 10 90 20 1C ¢ 206661
X-¥ UYsr-30

CYI-04 1 3 20 A 21 N 12 10 119f §C 36 ~12 204720 6 &« 24 €2 19 11 123 62 24 =15 2C4815
X=-Y USR=-30

MAR=-23 1 327 & 7 21 12 10 128 €1 20 26 20446} A 4 24 S8 19 10 158 S& 3C 11 204934
X-Y (JSR-ag

MIL=-71 c 2F 2 & 1 Sk 4z 1¢ 10 78 0 ©0 12 20657¢ € 4 24 46 2C 10 81 € 84 g 2C7483
X=Y USB=-30

-

T

It-1



X-Y USR-130

VEHICLE 1 RACAP TARLF
TFACK ING TIWE
HRS MIN SEC
ANG-91 1 11 3t
X-Y ULSP-20
rIL-71 1 11! 31
X=-Y USP-30
BDA-02? 1 11 30
X=-Y USR=30
ACN-T5 1 11 24
X=-¥ LSPR=3(
Cy1-C4 1 11 21
X-Y- USe-20
PAC-22 1 121
X-Y USe-AS
GYN-14 C 22 42
X=Y USR-30
€CsS-ze C £ N
X=-Y LSP=F5
GYM-14 1 11 42
X-Y USPR-30
GAsS~-22 1 11 4~
X-Y USP-£§&
ANG~S1 1 1 51
X=-Y USR-30n
wIL-11 1 11 &7
X=-Y JSP-30
RCA—02 1 11 51

CAV FRS MIN

]

N

=

m

o

11

11

11

11

11

11

17

STATICN ACQUISITICM DATA

SEC

21

22

i
~y

37

1C

21

ic

et
i

34

1

EL

FA DEC  AZ ELV
20 11 =3 23
2¢ 10 87 1%
1€ 10 21 3¢
12 11 28 48
15 11 14¢ 70
1€ 10 -13C 60
2¢ 1N T ¢
Z21 11 717 ¢
21 11 85 15
Z1 11 84 11
20 11 39 a1
20 11 101 &2
20 11 11§ 54

X

57

T4

[

11

?3

48

33

Y

-6

16

12

77

78

-17

RANGE

206024

20€5s1

2061¢13

20472°%

2046<0

204521

206872

207¢8¢

207158

207423

205056

205774

20E2613

DAY HRS
6 6
& &
e 6
€ &
& ¢

T
€ €
e €
6 #
6 8
6 8
« .8
6 8

MIN

22

22

23

22

22

21

21

21

21

21

STATION TERMINATION DATA

SEC

52

&3

53

59

\n
)

13

19

21

28

RA DEC  AZ ELV
20 11 93 So
21 11 94
20 11 108 44
20 12 -2¢ &S
20 11 -161 72
20 11 -147 S7
21 11 ec ¢
21 11 M 1
22 12 93 3¢
22 11 93 25
21 12 113 77
21 12 1l 5S¢
21 12',g‘z e

X

40

59

44

-7

12

31

1¢&

\

-2

-4

-12

20

-1€

: -17

‘1C

)

-2

-5

=13

-20

RANGE

205366

206197

205587

20478S

204727

éCE128

207692

2C7916

206395

206699

204806

205288

2CS5040

T



VEHICLE 1 RALCAR
TPACK ING
HRS MIN
ACN=75 1 11
X=Y UYSr=29
CYI-064 L B
X=Y ySe=-130
MAD=22 1 11
X~Y USP-85
GY¥-14 1 1
X=Y USP=30
€DS~-28 1 1
X=Y USB-85
MIL-T1 1 11
X=Y. USA=3(C
ANG-¢] 1 1
X=Y USe-30
8CA-02 1 1
X-¥Y 1JSr=-30
ACN=-75 T 1N
X=Y UYSP-30
CYI-04 1 1n
X=Y yJSP=2g
MAC=-Z2 1 1
X-Y USF-p:
HAW=12 g &3
X=Y USP=30
HAW=-12 1 11
X-Y USPR=-30

TABLE
TIME
SEC

L

51

52

29

26

29

28

2§

59

4S

STATICN ACQUISITICH DATA

CAY HRS MIN SEC

¢

o™

»

v

11

S

n

£

45

g

(X

L]

RA

12

12

lc

21

21

21

21

20

2¢C

n)
~

23

CEC

12

11

11

n

12

12

11

12

12

"

e
N

A7 ELV
-44 53
-122 66
-131 51
e 4
101 34
12¢ 45
176 as
172 6c
-5 2R
-1C1 43
-0z 3
78 0
s 23

X

-20

-1e

28

49

18

20

20

S0

67

Y

19

-15

RANCE

205002

204904

205385

2059¢8

236263

2050RS

2047€4

204993

206058

205920

2Ce32er

2073235

2070256

DAY HRS VMIN

[

a

10

10

10

10

10

10

10

1c

10

12

21

21

21

1<

19

19

1@

16

15

19

19

STATION TERMINATION NDATA

SEC

22

7

40

19

2C

27

31

37

a1

ag

la

43

RA DEC
20 12
20 12
20 11
22 12
22 12
22 12
22 12
22 12
21 13
21 12
21 12
23 12
23 13

AZ ELV
-61 49
=109 54
-112 40
111 5¢
114 48
172 72
-104 T3
~144 66
-73 22
-91 29
-S0 18
82 12
a1 13g

-37

-35

26

33

20

-17

-15

-67

~-61

78

51

Y
19

-11

-12

38

-4

-19

16

-1

-1

RANGE

205574
205397
205951
205450
205735
205002
205014
205160
206991
206643
207176
207570

2062868

€T



C

VEHICLE 1

TRACKING TIME

GYM=-14
X-Y USR-30Q

GDS-28
X=-Y USP-135

vIL-71
X-Y USB-30

ANG-S1
X=Y USR=30

BCA-0?
X=Y USE-30

ACN-75
X=Y USP-30

MAL-23
. K=Y _0SE-gs

Cyl=Cs. _
~X<Y USR-30

HAW-12 . .
. X=¥ Use-30

cpSr28 . |
. =Y :USB-85

GYPrl&e: | .
¢ X=¥ USe-30

MIL~T1 . .
~Xz¥ WSR=10

L s L P
~Ex¥ USe-30

faog, D p

swe-ts

RACAR TABLF

1 11
1- .11
1 11
1 1
1 1
c 47
C 5138
1 11
1 n
1 11
ron
1 1
1 11

HRS MIN SEC

54

10

50

3cC

30

LAY

(33

FRS VTN SFC

11

11

11

11

11

1

5

o

&2

1C

10

15

1R

17

27

2E

']
n

RA

CEr

12

12

12

12

12

13

12

13

STATICN ACQUISITICN

DATA

A7 ELV X
125 65 21
127 56 22
=14 7T1 -l0
-G+ 2 =28
-128 59 =27
=74 11 =79
-23 10 -35
-fAe¢ 18 -T2
ST S5C 40
=178 67 " 21
-152 73 -8
-10¢ 50 =38
-2¢ 34 -5¢

Y

26

=15

-17

l1a

-4

-2

~15

RANCE

205244
205465
205058
20632¢
205411

207676
2077125
2072E&2
2052€0
205327
205211
205828

20e55?

CAY

6

STATION TERMINATION DATA

HRS MIN SEC

12 17 53
12 17 =g
12 17 €s
12 1R 3
1z 1# 1
11 54 11
12 4 37
12 19 8
14 15 4@
14 15 59
14 15 58
14 16 5

14 16 10

RA

23

23

22

22

22

22

22

22

24

24

23

23

CEC

13

12

13

13

12

13

12

12

13

12

12

13

13

AZ ELV
167 74
156 65

-117 eC
-89  4S
~107 4&
=77 o
-74 o
-18 4
107 65
-137 62
-117 62
-95 3¢
-e1 18

x

-45

-413

-90

24

22

Y

-15

10

-11

13

-74

12

-7

-19

-12

-4

RANGE

205150
205329
205473
20€014
205989
207284
207738
208237

205464

205567

2C5559

[

206569

ST =

2C7532

b1



VEHICLF 1 FACAR
TRACK ING
HasS MIN
eDA-02 1
X=Y USBE-20
GWM-24 0 €2
X=Y USF-30
HSK=2¢ . cC 15
X=-v USB-gc
HSK-2S c 11
X=-Y USp-2s
CHM=-24 c 11
X=Y USR-30
FANW-12 cC 11
%=Y¥ . USPR-20
GDS-28 c 11
X=Y USR=RS5
GYM=-14 0 11
X=Y USF-3C
MIL-T1 0o i
X=Y USB-320
RCA-C2 o 11
X=Y LSP=20
ANG=-31 c n
X=¥Y USR=3Q
ANG-91 0 16
X-Y USP-30
RDA=0? c 1
X=Y¥ USB-20

TABLF
TInvE

SEC

5¢C

41

315

28

20

15

13

1?

11

2R

az

STATION ACQUISITICN DATA

CAY FRS MIN SEC

617
4 12
£ 12
5 1%
e 1S
¢ 1
& 15
€ 1c
5 15
4 18
e 1=
LOFC?
4 1t
4 15

o

22

FC

IN)

LN

~

«C

N

42

40

41

PA

22

24

24

?3

21

23

23

CEC

13

132

A2 ELV X
-ca 35 -54
" 0 20
72 0 =30
€2 12 -68
21 22 6¢
126 75 12
~-121 S& 20
-10¢ 52 =27
-Ra 2/ =54
-2 12 -78
-7R 7 =313
=78 4 =24
-91 1C -30

Y

-7

13

i3

61

=30

-1¢C

11

12

RANGE

206450

207€14

207721

20762

207217

20%32R

2058E4

205624

207140

2079Cs

208212

207788

207462

CAY HRS MIN

6 14 16
6 14 15
6 14 15
6 15 13
6 15 13
6 1 13
6 18 13
6 1% 13
6 15 13
5 15 13
6 15 13
6 15 23
6 1¢ =

STATION TERMINATION DATA

SEC

[}

38

33

53

53

c3

53

41

RA

21

25

24

25

24

23

23

24

DEC

13

13

14

14

13

13

13

13

13

13

13

13

AZ ELV X
-88 22 -68
79 12 78
71 2 -81
61 14 =63
82 2¢ 64
133 17 9
-118 52 20
-104 5C -1§
-88 23 -67
-81 1¢ -80
~78 4 -RE
-T6 € =90
-T4 G -90

Y

11

70

-9

=133

12

14

16

RANGE

207303

207841

208378

207226

206539

204718

205351

205439

206702

"207472

207797

207380

208272

St-T /



C

VEHICLE 1

TRACK ING TIME

HSK-25
X=Y USR-R&

GWM=24
X-¥Y USE-30

HAW-12
X-Y USB-30

GYM=14
X=-Y USE-20

cDS-28
X-Y USR=-85%

#IL-T1
X-Y USB-30

CRO-CH
X-y 0se-30

CrO-c8 "
X-Y USBE-30

HSK-25
‘R=Y USR-RS
PARKS
AUSTRALIA

GHM-2¢
x<¥ use-30

EAW=12
X=¥ USE-30

cis-2a"
‘=¥ 1JSR-£3

RALAR TABLE

HRS MIN
¢ 59
0 59
1 0
1 c
1 c
1 c
o 2
1 1n
1 1N
1 11
1 1
1 11
1

SEC

48

54

13
20

22

27

2¢

CAY

&

i)

FRS MIN SFC

15

15

15

15

15

17

17

1

17

17

l7

14
14
14
14
14
14

1

N

]

48

1Y)
»

11

RA

24
?3

23

28

2%

ceC

14

132

13

12

1w

14

14

14

14

1l

¥4

61

82

124

=102

—llﬂ

74

€s

4¢C

42

-115

-G6

ELV

14

26

77

50

&2

11

30

R} )

51

72

32

STETICN ACQUISITICN DATA

X v
-53 sg
64 7
9 -q
-40 =9
20 =223
-7 2
30 16
79 21
-53 24
‘@e 19
38 2
-17 -8
10 -58

RANGE

207211
206523
206705
205429
205340
206652
2C8596
2081448
207Ce3
206983
20606¢
205516

206944

DAY HRS
6 1€
€ 1¢
€ 16
6 16
€ 16
£ 1¢
6 16
6 18
6 18
6 18
6 1°f
6 18
6 18

MIN SEC
13 <6
14 2
14 18
14 2¢
14 29
14 31
12 52
12 1
12 ¢
12 1
12 11
12 20
12 38

RA DEC
25 14
25 14
25 14
2% 13
2% 13
24 13
26 14
26 15
2¢ 15
26 15
26 14
25 14
25

14

AZ

51

83

=151

74

5%

22

24

-98

ELV

242,

4C

80

37

41

11

24

37

3s

6

57

STATION TERMINATICN DATA

X \{
-56 45
5¢ 5
-5 -8
-52 -3
1€ -47
-1s 9
s 16
62 28
-51 18
27 &S
22 2
-33 -4
-12 -1

RANGE

207364
206515
205364
206656
206473
208093
208676
207446
206805
206705
205691
206013

207802

91



VEHICLF 1

RATAR TAPLE

TRACKING TIMF

GYM=1¢4
X=Y USR-10

MIL-T1
X=Y Uyse-30

CRO-C8
X=Y Usp=390

PARKS
AUSTRALTA

HSK=2¢%
X-Y use-gc

GWM=24
X=Y_ USB-30

HAW-1?
X-¥ yse=-20

GYM-14
X=Y 1SPp=-30

GDS-2¢
X=¥ USR=as

CRO-CH
X=Y USR=30

hSK=25
X=Y USR-A§

PARK S
AUSTRALIA

GWM=-24
Y=Y USB-30

HPS MIN SEC

1 11 23
c 3 28
1 11 4%
1 11 49
1 11 47
1 11 4o
1 11 48
o S &7
c 48 27
vo11 2s
1 11 25
1t 20
1 11 28

LAY FRS WMIN

[

17

17

12

1€

1€

1A

18

12

lﬂ

2¢C

2¢

2C

1

€E

5¢

57

7

€7

STATICN ACQUISITICN NATA

SEC

12

14

43

10

12

12

1¢

2C

KA CEC
26 13
24 11
26 15
2¢ 15
26 15
26 14
25 14
25 14
25 16
27 1%
2 18
26 15
2¢ 15

A7

-ng

=75

51

-3C

16

-2

-R4

ELV

27

29

RO

46

40

KL

37

72

10

-4 4

=31

=18

Y

15

32

47

14

=16

29

-22

RANGE

207202

208710

207063

208645

2067€6

205567

206461

208793

2C83S0

206526

2071C5

206980

20812

DAY

STATION TERMINATICN DATA

HRS MIN SEC
1e 12 37
17 4 42
20 10 32
20 10 27
2¢ 10 37
20 10 41
20 10 53
1s 9 7
16 &7 139
22 8 27
e?2 Y
¢zl 58 E0
22 g8 f2

RA OEC
25 1é
264 13
21 15
27 15
27 15
27 15
26 14
25 14
26 14
28 16
27 16
27 1¢
2T 15§

AZ ELV
-81 12
-715 ¢

36 43
-13 &1
-13 3¢
-77 83
-86 3¢
-7 ©
-713 ¢
-& 45
41 26
-42 3C
-83 5%

-90

-5

-5¢

-4

=34

Y

37

48

-10

16

-73

41’

-38

40

RANGE
208153

208579
206675
206783
206904
205631
207312
208407
207893
206560
207635
2C6911

2C6351

L1



C

VERICLE 1

TRACKING

HAW-12
X=Y USe=3C

CRD-Ca
X=-Y USBR-30

GWM=24
X=Y. yse-30

maAD=-23
X-Y¥ USB-8S

FSK=-2¢%
X=Y use-8c

CY]-06
X-Y.USR-120

ACH-T5
A=Y USR-30

(3 § 500
‘X+¥Y USB-30

MAC=22

X-=¥ UsB-8%
cri-os

X-V use-30
Giym=24

X=¥ ‘0SB-30

MCN-15 -
‘Y=Y yse-30
cijscé "

T X2¥-ose-30

St

RACAR TABLE

T IME
¥IN SEC
11 27
11 49
11 4E
10 <e¢
€ 55
2 21
11 20
1 2s
11 22
11 26
11 26
11 48
11 47

i*l)
"m

I

FRS MIN SEC

37

2C

"W
Ny

l¢

]
Ay

31

27

RA

2¢

27

27

28

27

2C

30

29

2e

28

31

30

CEC

14

1¢

1¢

16

1¢

-
\n

14

16

87 ELV

13

47

b4

13

11

22

20 -

16

30

36

STATICN ACQUISITICN DATA

=20

-46

-50
90
a7
79

-4

54

RANCE

207921
20/720
206827
209161
208010
20°184
20¢1¢8s
208727
208100
20743R
208381
207829

207507

6

9

CAY HRS MIN SEC

&

2¢C

11

&0

18

31

19

24

RA CEC
27 15
282 1¢
28 15
p 1€
28 1¢
6 15
1 16
31 16
30 15
29 16
29 16
11 17
31 16

AZ

=76

-42

=75

e1

73

7C

57

S$9

ELV

4

3R

28

13

16

2¢

35

17

44

51

STATION TERVMINATION OATA

-86
-41
-62

=35

as
7C
64
!3

-7

41

38

Y RANGE

208937

207219

207741

2CR563

208899

20¢285

28336

* 207969

207500
208#1?
209447
207208

206939

8t=1



VEHICLE 1 RAC2R
TRACK ING
HRES MIN
MAD-23 1 1
X=Y LSe-gcx
CRrRO-04 0 34
X=-¥Y USR-30
BDA-02 0 ¢
X=¥ USB-2n
ANG~G] c 35
X-yY LSP-20
ANG-91 1 11
X=Y USP-30
MIL-71 1 1
X=-Y. USE-30
eCa-02 1 11
X=Y USR-30
ACN-15 1 n
X=Y USe-30
CYI-Ca T 11
X=Y USA=-30
MAD-23 1 n
. X=Y USF-R5
ANG~ 91 e 2¢
X=Y USP-30
GYM=-14 12 €7
X-Y USP-3C
MIL-T71 10 57
X-Y USB~-130

TARLF
T IME
SEC

47

23

12

26

27

29

26

22

46

STATICN

CAY FRS MIN SFC

7

2

"

L[

"

51

52

17

27

&C

£0

27

37

42

12

27

W

n

ACQUISITICN DATA

RA CFC
20 18
?9 16
21 18
31 1«4
22 1¢
32 1¢
12 16
21 17
1 1%
21 e
12 17
23 1%
17 14

rT FLV
103 43
-&p 7
72 ¢}
73 (3}
T8 19
74 4
82 19
47 54
109 %2
16 &2
23 44 -
72 1
ag 27

X

19

20

71

ag

413

A

43

22

le

17

11

16

24

16

1A

RANGE

207168

2050€3

208376

2008242

2085¢3

209296

208556

20€R65

206648

206642

207922

210228

208721

DAY HRS MIN

7

4

3

16

16

17

3

26

34

34

STATION TERMINATICN DATA

SEC

29

23

24

27

20

20

44

25

S&

RA DEC
1 16
29 17
32 16
22 16
33 17
32 16
33 16
312 17
122 17
22 1¢
31 16
21 15
21 1¢

AZ ELV
127 55
-72 0

7 9
75 e
81 35
81 19
91 133
21 62
135 75

-178 66
-73 ¢
-72 0
-72 ¢

X

22

~-90

81

82

556

71

57

10

11

24

-90

=90

=90

Y

27

18

13

14

-11

-1

17

18

18

RANGE

206798
2082138
209073

209137

207786

208623

207868

206702

206457

206637

193478

187233

1¢€c800

61



VEHICLE 1 RACAR
TRACK ING
HRS MIN
BDA-02 ¢ 59
X-Y USR-30
ACN=15 5 47
X-Y USE-30
CYI-04 € 3¢
X-Y USR-30
MAD-23 ¢ 1
X=-Y USB-85
6DS-:28 13 25
X-Y USR=-£5
HAW=12 12 46
X-Y USP-30
G 24 12 25
X-Y USE-20
HSK=25 1c 17
X-Y USR-@8S§
CRO-03 10 ¢v
X=-Y USB-30
PARKS 4 27
AUSTRALTA
MEC-27 12 42
X-Y USR-2§
CYI=Cs 12 2
X=Y USE-30
ACN-1T5 1t 27

X=-Y Us&=-20

TABLF
TIME
SEC

21

l1é

29

57

51

2¢C

?S

\n

1t

Cay

7

FRS MIN
6 37
¢ 27
& 27
e 27
£ a4
2 s6
13 4S
184 27
16 &2
17 2C
23 S
[ Y
0 54

STATICN ACQUISITICN DATA

SEC

9

12

15

17

LN ]

2

2C

15

RA

32

212

w
~

CEC

16

17

17

15

=
»

15

16

17

17

17

15

le-

A7 FLV X
e 41 49
1 55 0
171 79 2
-158 54 24
7¢ € -SO
73 0 90
74 0 90
¢c ¢ -90
72 0 90
1 310 49
7¢ € -3C
23 ¢ <0
74 C 90

Y

25

-11

70

17

69

18

42

T0

17

16

RANCE

207035

207183

20630

207155

210072

204132

1973¢5

195981

192326

193169

10672

1785¢3

177360

STATION TERMINATION DATA

CAY HRS MIN SEC

7

16

12

12

2C

12

36

26

13

48

10

42

15

18

31

30

2¢

45

46

53

18

69

5¢

56

3¢

ER

RA CEC
31 16
31 16
31 16
21 1€
21 15
32 15
32 16
3122 16
32 16
32 17
34 15
24 15
23 l;

AZ ELV
-72 o
-713 ¢
-72 ¢
-65 €
-71 ©
-713 o
-74 ©
-0 ¢
-12 ¢
-40 3C
-1 ¢
-712 ¢
-4 ¢

-90

-90

-48

Y

18

17

18

-69

-71

17

-78

10

42

-1

17

16

RANGE

192524

199818

198404

199128

186158

181493

174766

177343

172200

180831

152719

151762

1534SC

0e-1



VEHICLE 1

RALCAP TABLE

TRACKTNG
HRS MIN
BCA-02 12 18
X=Y LSP-20
ANG=-¢1 12 34
X=Y USP=30
" iL=-71 13 2
X=¥ USB=30
Gym=14 13 2
X-Y Uyse-30
€DS~-28 12 24
X-Y USB-85
Hak-12 12 4¢
X=Y. USP=30
GHM=24 12 2¢
X-Y USF=30
FSK=25 10 22
X=Y USFPF=8%
CRG=-0%? 10 5*¢
X=-Y tiISR=-20
PARK S 4 4%
AUSTRALTA
MAD=-23 12 2p
X=Y ISR=-83%
CYI-04 12 2
X-Y USR-130
ACN=-7% 11 44

X-Y USE-30

TIME
SFC Cey
11 3
27 R
57 &
18 £
c a
£3 2
1€ 8
44 g
18 8
) A
24 s
14 5
13 <

RS MIN
3 27
EREY
4 27
¢ 13c
& £
1c s
14 1
14 4t
16 51
v 27
71 2F
0 ¢
1 1c

STATION ACQUISITICN DATA

SEC

25

29

eC

52

[N
™

LAV

RS

41

\n
W

1s

RA TEC
14 1%
34 1%
% 1%
e 15
3 18
a5 1%
%6 1S
15 14
7 e
36 1<
w14
3¢ 14
29 15

AZ FLV
72 0
74 0
72 c
72 .C
72 0
74 o
s o]
7c c
72 0
41 30
T2 0
T4 C
73 c

€0

Q0

Q0

20

Q20

90

90

48

-30

[0

°0

Y

18

16

17

17

72

16

15

70

18

41

72

16

15

RANGE

172420

172122

170095

165983

168512

158fC?

150146

148431

143558

140014

127015

124072

122677

CAY

HRS

16

1¢

17

18

2C

LYY
~n

12

MIN

42

10

41

42

17

52

27

49

23

37

54

STATION TERMINATICN DATA

SEC

37

56

47

37

21

22

46

53

37

29

15

32

RA CEC
34 15
% 15
34 15
25 14
15 14
15 14
36 14
% 16
37 15
3 16
40 12
4c 12
40 16

AZ ELV
-12 0
14 ¢
-13 ¢
-% €
-1z ¢
S PO
-5 ¢
-0 ¢
-13 0
-41 30
-7 ¢
-76 ¢
-7¢ ¢

\J

17

1¢&

17

1¢&

=72

16

15

=70

17

&Y

-4

14

16

RANGE

143916
145157
141565
136680
135209
128614
118937
122499
115042
128144

85434

83643

861958

T6-1 -



VEFICLE 1 RADAR
TRACK ING
HRS MIN

8DA-02 13 15
X-Y USE-130

ANG-21 12 39
X-Y USB=-130

MIL-71 13 ¢
X-Y USB-30

GYM-14 12 ¢
X-Y USR-30

GDS-28 13 25
X-Y USB-3S

HAW-12 17z
X=Y. USP-30

CHM=-24 17 42
X-Y USB-30

HSK=25 177
X-Y USR-RS -

CRO-C® 10 51
X-Y USB=-30

PARK € £ 22
AUSTRALTA

CRC-CE z

AZ-EL FPQA

TABLFE

TIME

SEC

52

24

43

15

11

17

Tay ras
T 13
e 1
s 5
e 7
S 7
T 1¢
a 14
s 1%
9 17
s 18
10 1

VTN

4c

5&

3¢

17

STATTICN ACQUISITICN DATA

SEC

32

4S

37

i

RA

40

40

40

4l

41

46

46

4R

49

50

CEC

14

14

14

14

13

14

15

AZ ELV X
74 0 90
75 0 90
7% 0 20
75 0 @0
74 0 =90
7¢ ¢ 90
77 ¢ @0
71 0 -°0
74 ¢ 90
42 3C 50

-42 42 =36

Y

16

15

15

15

74

14

13

71

16

39

RANGE

1150¢€4

114714

111526

1054C4

104519

94222

TGHES

77458

68675

64046

224CC

STATION TERMINATION CATA

DAY HRS MIN SEC

9

10

10

10

10

17

16

e

20

20

4

35

11

45

37

2¢

24

21

34

21

39

57

43

48

37

22

40

18

RA

43

42

43

45

46

50

-148

2 =145

52

2 =145

DEC AZ ELV
12 -76 0
12 -7 0
12 -1 C
11 =78 C
10 -78 C

9 -~80 c
~7¢ =175 [
42 33 C
7 82 [«
14 =45 3¢
7 82 C

90

=51

9C

Y RANGE
14 70410
13 72333
13 66129
12 56932

=78 54291
10 35457
-85 2061
23 119¢

e 193¢
28 238102

8 1936

258-1 /



(b)

TABLE 1.1-V.- MISSION RADAR TIMELINZ - Czx

3
o

IM acquisition and termination - 0° minimum elsvation

Signal acquisition, Signal loss, Coverage duration, Maximum 2 hequisition
g.e.t., g.e.t., g.e.t., elevation, rarge, range,
day:hr:min:sec day:hr:min:sec hr:min:sec deg n. mi. n. mi.
Insertion 5:22:11:47.7
RDR 23 CRO-08 X-Y USB-30 5:22:11:47.7 5:22:30:56.8 0:19:09.1 51.8 203 625.76 203 625.76
RDR 29 HSK-25 X-Y USB-85 5:22:11:47.7 5:22:31:04.0 0:19:16.2 23.2 20L 960.83 204 960.83
RDR 31  Parks Austrelia 5:22:11:47.7 5:22:31:05.2 0:19:17.5 25.0 204 B63.16 20k 863.16
RDR 2k GWM-24 X-Y USB-30 5:22:11:L47.7 5:22:31:12.4 0:19:24.7 L3.1 203 978.19 203 978.19
csI 5:23:01:25.3
KDR 28 MAD-23 X-Y USB-85 5:23:19:34.2 6:00:28:21.2 1:08:47.0 21.6 205 295.72 206 911.59
RDR 23 . CRO-08 X-Y  USB-30 5:23:19:41.2 6:00:28:34.0 1:08:52.9 4ok 204 162.98 205 121.28
RDR 31 Parks Australia 5:23:19:46.6 6:00:23:02.2 1:03:15.7 12.3 205 8L0.71 206 695.21
RDR 29 HSK-25 X-Y UCE-85 5:23:19:46.7 6:00:17:26.7 0:57:40.0 10.9 205 915.98 206 7717.68
RDR 24  GWM-2h  X-Y USB-30 5:23:20:00.7 6:00:28:42.6 1:08:41.9 26.5 205 07k.39 205 883.93
RDR 21 CyI-ob X-Y USB-30 5:23:30:29.1 6:00:28:18.3 0:57:49.1 12.2 205 896.37 206 880.70
Plane change 5:23:30:37.6
RDR 22 ACN-T5 X-Y USB-30 5:23:51:54.8 6:00:28:10.0 0:36:15.2 8.3 206 151.51 206 213.89
CDH 5:23:59:49.9
TPI 6:00:38:56.1
MC-1 6:00:53:56.1
MC-2 6:01:08:56.1
RDR 22  ACKN-T5 X-Y USE-30 6:01:14:37.6 6:02:25:18.3 1:10:Lk.7 27.17 zoh Th3.h 206 L65.5
RDR 21 CYI-Ok X-Y USB-30 6:01:14:LL.8 6:02:25:25.6 1:10:40.8 30.0 20k 619.6 206 302.3
BLE 28 MAD-23 X-Y USB-B5 6:01:1L:49.L 6:02:25:30.4 1:10:41.1 36.6 204 29L.5 205 881.8
UF 23 CRO-0B  X-Y USE-30 6:01:15:02.5 6:02:25:41.5 1:10:39.0 13.2 205 550.8 206 Lok.2
First braking gate 6:01:17:4L.5
Second braking gate 6:01:20:15.0
Third braking gate 6:01:21:28.3
Fourth breking gate 6:01:23:06.7
Fifth breking gate 6:01:24:26.3
Uocking 6:01:40:00.0

£6-T



—

VEHICLE 1 RADAR TABLE

TRACKING TIME

HRS MIN SEC DAY
INSERT 0 2 60 o
SHIP1

CYI-04 0 & 58 0
X=-¥ USB-30

CRO-08 . 0 2 54 0
X=Y USB-30

CRO~08 0 2 54 0
AZ-EL FPQ6

HSK=25 o 3 22 0
X=Y USB-BS

GYM=14 0 &4 55 0
X=Y, USB-30

MIL-T1 0 & 136 o
X=Y USB-30

MLA-T1 0 & 135 0
AZ=-EL TPQl8

CAv-31 0 &4 36 0
AL-EL FPS1é

BCA-02 o 5 1 0
X-Y USB-30

8DA=02 o 5 1 0
AI-EL FPUS

INSERT 0 4 56 o
.SHIP1

CY1-04 0 1 37 0

X=Y USB-30

TABLE 1.1-V.- MISSION RADAR TIMELINE - Continued

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

STATION ACQUISITICN DATA

HRS MIN SEC
0 11 53
0 1T &2
C 53 48
0 53 48
1 0 5%
1 29 27
1 36 17
1 36 18
1 3% 19
1 3% 329
1 33 39
1 43 21
1 52 1

kA

145

-165

-45

-45

35

141

148

148

148

17

171

178

~-112

DEC  AZ ELV
57 =22 16
17 -4 5

47 =141 35

-48 =141 S
1@ -¢2 S

-26 =121 5
19 - 5
19 -71 5
19 =71 S

7 -85 5
7 -85 S
25 -64 5
-32 -120 5

X

-65

55

16

-51

=51

-€1

=31

19

19

19

2¢

-40

€00

€01

€01

€01l

563

STATION TERMINATION DATA

DAY HRS MIN SEC

0

0

16

22

34

40

40

40

46

b4

48

53
40
42
42
21

21

40
40
15

38

RA

-7

-177

-177

141

-57

-17

-8

DEC

27

-18

=52

=52

43

13

27

27

27

-2

=2

=55

AZ ELV X Y

63

114

146

146

26

78

62

62

62

95

95

92

=169

5 846 27
-23
=56

-56

28
5 86 28
5 84 28
5 85
5 85 =5
5 85 =2

5 -66 =78

RANGE

600

594

587

587

582

599

601

601

601

600

600

597

590

be-1.



VEHICLE 1

TRACKING TIME

RACAR TABLE

HKkS MIN SEC
CRC-08 0 3 43
X-Y USB-30
CRO-08 0 3 42
4Z-EL FPQ5
HBW~12 0 -] 7
X-Y UsSB-30
6Cs-28 12 3€ 49
X-Y USB-8%
6YM=14 12 13. 51
X=Y USB-30
MIL=T1 10 3 46
X=-Y Use-30
MLA=T71 2 36 23
A2-EL TPQ1B
BDA-02 8 53 14
X=Y USB-30
BDA-02 2 33 50
AZ-EL FPQ%
ANG-31 8 37 54
X=Y uSe-30
INSERT 2 30 5
SHIP1
CYI-04 5 2 S1
X=Y USB-130
MAD=-23 4 8 37

X=Y Uuse-8s

STATICN ACQUISITION CATA

DAY HRS MIN SFC

0

TLI

2 26 48
2 26 45
CUTCFF 10
2 B2 44
2 €6 9
2 %&£ 34
3 a 41
3 0 4!
3 3 11
2 3 12
3 4 45
& 6 31
3 17 8
221 3

kA

DEC

AZ-ELV

=22 =48 =141 5

-22 =48 =141 5

NFR MANEUVEF

~134

187

149

17«

174

=170

-170

=169

~156

~121

=108

=35 14s8 17
-19 =117 S
-2 -°5 5
10 -21 5
10 -81 S
10 =32 5
10 -82 5
26 -t4 5
15 =74 5
18 =72 5
12 =18 5

X

-82

-82

61

79

-85

-84

=8

1€

18

-77

3359

37ea

5979

6747

STATION TERMINATION DATE

CAYy HRS MIN SEC

0 2
Q 2
0 2
0 1€
0 15
c 13
[v] 5
0 11
C 5
0o 11
c 5
0 8
0 7

30

30

58

2%

10

37

42

36

19

29

FA DEC
28 -171 -29
© 27 -171 -29
50 -85 15
.58 =28 1
25 =29 1
27 -30 2
5 =41 10
25 =32 3
11 =43 9
38 <32 4
36 =66 10
58 -38 S
40 =40 5

AZ ELV
120 5
120 5

75 5
-92 5
-91 s
=90 5
139 66
-90 5

=174 67
-88 -]
=130 64
-87 H
~88 5

X

84

84

Y

=30

=30

15

-85

-18

=23

=17

-84

RaNGE

585

2098

74158

72616

64318

23400

53527

23400

58527

23400

42304

37703

66-T '



VEHICLE 1

TRACKING TINME

ACN-T75
=Y USB-30

HAW=12
X=-Y USB-30

GwM=24
X=Y USB-30

HSK=25
X=Y USB-85

PARKS
AUSTRAL 1A

CRO=-08
X-Y USB8-30

MAD-23
X=Y USB-8S

ACN-T5
X=Y USe-30

CYI-04

X=Y UsSBe-30
ANG-91

X-Y USB-30

8CA=02
X=y USB-30

MIL-T1
X=Y USB-30

MAD=23
X=Y USe-95

RACAR TABLE

HRS MIN SEC
4 25 135
11 55 a8
11 30 8
10 54 28
5 42 39.
1 9 1e
5 32 43
4 56 51
4 .49 49
1 43 -2
1 27 12
0 22 5S¢
5 25 52

STATION ACQUISITION CATA

0 3 28
[o] 6 37
0 10 52
c 11 2
0 13 10
0 13 18
o 21 20
0 21 55
o 22 2
1 1 9
1 1 25
1 2 29
TRANSLUNAR -
1 2 S2

DAY hHRkS MIN SEC

kKA DEC  AZ ELV
56 =102 33 =56 5
5 =33 8 €4 5
58 =27 & 87 S
45 =27 T 18 5
32 =26 5 ¢ 20
13 -25 = 82 5
0 =21 -1 S5 5
53 =21 1 98 S
54 =21 0 93 5
42 =20 -1 32 S
32 =20 -1 9 5
47 =19 -1 S& S
COAST TO LOII
53 -21 -2 -180 48

-84

a5

85

56

85

e85

a5

85

85

42

34

77

26

83

-4

-4

0

RAMCE

8216

32621

$3333
652¢8
33750
95¢48
9€CC9
1052C5
105652

108629

1077€0

DAY HRS MIN

[o]

7

18

22

21

12

54

23

23

52

52

52

52

18

STATION

SEC RA DEC
31 -40 9
“6 =26 1

7T =26 0
13 =24 2
11 =25 2
33 -23 1
44 =21 =2
4 =21 0O
46 =21 .-1
46 =19 =)
46 =20 -1
44 =19 -1
45 =21 =2

AZ ELV
-81 5
-91 5
51 5
-8 5
-4 30
-87 5

<180 48

53 77
157 so
101 29
107 23

97 10
-97 3

TERMINATION DATA

=57

42

11

13

60

66

80

-82

22

=28

-10

=16

RANGE

40011

864764

97039

$5716

871757

103191

107753

106982

107375

108619

108960

109694

123781

96-1



VEHICLE 1

TPACKING TIME

CYI-04
X=-Y USB-30

ACN=-TS
X=-Y USB-30

ANG-91
X=-Y USe-30

B8DA-02
X=-Y USB-30

MIL-71
X=Y USB-30

GYM=14
X=Y USe-30

GDS-28
X-Y USB-85

HAW=12
X=Y USB=30

HSK=25
X-Y USB=R5

GuM=-24
X=Y USB-30

PRARKS
AUSTRALIA

CRO=-09
x=Y US8-30

MAD-23
X=-Y USB-85

RADAR TABLE

HRS MIN SEC
6 18 63
6 20 8
9 22 3¢
9 3& 30

10 41 0
11 3 2
10 55 42
11‘ 5 27
11 15 3¢9
11 Qa 27
7 12 41
11 18 37
10 36 53

1

2

11

11

13

21

g2

49

14

32

18

47

DAY HRS MIN SEC

53

£3

53

18

23

25

21

37

54

kA

=21

=15

DEC

-1

-4

AZ ELV
157 53
€3 17
101 29
107 23
7 10
<4 5
36 5
sS4 S
67 S
53 S
59 30
g 5
€9 5

STATION ACQUISITION CATA

X

13

10

60

66

80

85

48

8s

as

c8

85

61

Y

=28

=10

-16

-7

~4

az

-4

84

18

eo

RANGE

107282

106989

108¢€24

1085¢€¢

109699

114270

115582

1226C4

1305€8

131257

133733

135721

1521138

CAY HRS MIN

1 9
1 9
1 12
1 12
1 12
1 15
1 15
1 18
1 22
1 22
1 20
2 0
2 8

11

13

a5

55

€4

3

24

SEC

36

23
€3

10

49

13

14

48

RA DEC
-21 -2
-21 -1
-20 =2
-20 -2
-20 -3
-19 -3
-19 =3
-19 =3
-18 -2
-18 -3
-18 -2
-17 -2
-16 =4

AZ ELV
-95 H
=90 5
-9 S
-96 H
-96 H
-96 5
-97 L
-95 5
-89 5
~-94 5
=71 30
=90 8

=100 S

STATION TERMINATION DATA

-59

-8t

63

Y

-5

-4

-6

=-b

-6

-8l

-4

17

=79

RANGE

125870

125927

133076

133290

135704

139975

140692

146663

153435

153789

148332

157698

170048

LS-T -



P N

VEHICLE 1

TRACK ING TIME

ACN=-T75
X-Y Use-30

CYI=-04
X=Y USB-30

ANG-91
X=Y USB-30

BCA=-02
X=Y UsB-30

MIL-71
X=Y USB-30

GYM=14
X=Y USe-30

6DS-2%
X=-Y US8=85

HAW=12
¥-¥ Use-30

HSK=25 " °
X=Y USB-8%

CuM=24
X=Y USB-30

PARKS
AUSTRAL IA

CRO-08
X=Y USEB-30

MAD-23
X=-Y US8-35

RACAR TABLE

HRS MIN SEC
11 17 29
10 54 14
11 3 26
10 47 18
10 S1 43
10 51 36
10 41 21
10 57 o0
1l 26 47
11 4 16

7 25 21
11 24 5S°
10 22 &

DAY HRS MIN SEC

1

22

22

11

11

13

13

22

10

25

27

46

49

49

19

17

43

20

39

15

S5

16

\n
B 3

10

49

20

39

RA DEC
-15 -3
-16 -3
-15 -3
~-15 -4
=15 -4
-15 -4
-15 -4
-14 -4
-1 =3
~14 -4
-14 -3
-14 =4
-13 =%

STATION ACQUISITICN CATA

AZ ELV
92 S
26 5
L S
c8 S
57 5
<7 5
c9o H
6 5
QM 5
25 5
73 30
92 5
11 5

X

85

85

85

8s

as

85

59

85

85

66

Y

-2

-6

-5

-7

-7

80

-6

-5

15

78

RANCE

152825

153204

158685

16229

161016

164266

1651¢€8

163512

1742¢1

175CCe

175501

1777¢8

1887S6

DAY HRS MIN SEC

2

9

12

12

13

15

16

19

T 22

22

20

27

20

40

41

43

48

45

22

44

.10

42

48

39

21

41

55

8R .

o7

45

RA

~-16

=16

DEC

-4

-4

-5

-5

-4

-6

STATION TERMINATION DATA

AZ FLV. X Y

=93
-97

-96

-96

-74

=102

5 -85 =3

5 -85 -7

5 -85 -6

& -85 =8

S -85 -8

5 -85 -8

n
o
N

-79

5 -85 =6

30 =59 14

5 =85 =2

5 68 -717

RANGE

171648

171456

176137

175210

177792

180576

181013

184981

189684

189743

185832

192444

200674

BS-T.



y

VEHICLE 1 RACAR TABLE

TRACKING T IME

HRS MIN SEC
ACN-T5 11 17 2
X-Y USB-30

CYI-04 10 43 52
X=-Y USB8-30

ANG=91 9 40 41
X=-Y USB-130

BCA=02 9 18 5%
X=Y US8-30

MIL-T1 8 17 25
X=Y USB-30

GYM-14 & 17 11
X=-Y USB-30

6Cs-28 5 46 60,
X-Y USB-85

HAW=12 3 4 42
X=-Y USB-30

HSk-25 0o 3 s1
X-Y USB-BF

HSK=25 1 26 2¢
X=-¥ USB-8%

GuM=-24 1 24 30
X=-Y USe-30

HAW=-12 1 24 133
X-Y USB8-30

GDS-28 1 24 32
X=-Y USe-85

DAY HRS MIN SEC

2 22
2 22
31
3
12
3 4
3 s
1 8
3 11
COAST
3 1
311
3 1
3 1

15 4s
5 5
% 59
56 48
e 16
53 26
29 57
10 46
11 22
IN 60 X
41 37
41 42
47 53
4“8 4

STATION ACQUISITION CATA

RA DEC  AZ ELV
-13 -4 S& 5§
<13 -5 38 5
-13 -5 6T 5§
-13 -5 10 S
-13 =5 98 5
-13 -6 89 5
-13 =6 101 5
-12 -6 98 5
-13 -6 3 5
170 TO LCI2
-13 -6 8B 13
-13 -7 38 5
-13 -7 135 &1
~14 -7 -1%& 45

X

85

85

es

65

-9

as

30

43

Y

-4

-7

=1C

-9

78

84

77

FANCE

1891cC3

1894ES

193C44

193503

154£€74

196635

1€75C3

200486

203669

202578

203Cce

200€°57

200C€E89

DAY

w

STATION TEFMINATION DATA

HES MIN SEC
o 32 4
3 19 -£7

11 15 40
11 15 43
11 15 41
11 15 37
115 237
11 15 28
11 15 12
13 12 3
13 12 12
13 12 26
13 12 36

RA

-14

-14

=15

-14

-14

-14

-13

=12

=12

DEC

-6

-7

-7

=7

-6

-5

AZ ELV

-95

=100

=105

=112

-122

-156

~168

126

93

75

103

167

~133

S

22

20

34

53

&7

45

28

25

61

36

X

-85

-69

=51

-17

42

39

25

=26

65

7

43

Y

-5

=10

-14

=21

=26

-34

=24

84

58

-12

=28

=37

RANGE

201970

201729

202693

202823

202073

201279

201485

201567

203651

201877

202079

200536

201531

65-T



(

VEHICLE 1

TRACK ING TIME

GYM=14
X=-Y USB-30

PIL-T1
X=y USB-30

ANG-91
“XeY USE-30

BDA-02
K=Y ‘Use-30

CRO~08
%Y USB=-30

PARKS
AUSTRAL 1A

HSK-25
‘¥=Y USB-B5

GuM=24
“X=Y :USB8~-30

Hiw=12

=Y use-30

GYM-14
"X=v Us8~30

60S-28
A=Y USB-85

-CRO-08

X-Y US8-30

HSK=2%
%=y USB-85

RACAR TABLE

HRS MIN SEC
1 24 32
1 26 2%
0 43 27
0 43 45
1 264 24
1 24 24
1 24 26
1 26 27
1 24 28
1 24 26
1 24 26
1 1 38
1 11 a7

DAY

HRS MIN SEC
3 11 48 s
3 11 4¢e S
3 11 48 11
3 11 48 13
3 13 55 49
2 12 €5 52
3 13 55 82
3 13 55 S7
3 12 %6 11
3 12 S6 19
3 13 56 20

RA DEC
-1 -7
-14 -7
-15 -7
~15 -7
~12 =5
-12 -5
-12 -5
-12 -6
-13 -6
-13 -6
-13 -6

AZ ELV
-144 49
-116 28
~102 ‘15
-107 13

€2 9

¢o 27

€6 37
'101 35
=170 61
-114 27
~123 28

LPO COAST TC LM SEPARATICA

3 1¢é

3 1¢

4

A

&7

54

-11

-11

-5

=5

77

29

7

56

STATION ACQUISITION CATA

X

=27

-60

=75

81

51

-2e

56

=60

45

L¥4

-31

Y

=32

-11

-17

17

&7

-14

-28

-22

-43

11

16

RANCGE

200733

201710

202427

2025¢C¢

202550

201382

2014C2

201489

200452

201€¢5

201805

201544

2007S8

DAY HRS MIN SEC

3

13

13

12

12

15

15

15

15

15

15

17

17

12

12

31

20

20

20

20

20

20

20

16

16

37

38

38

59

13

16

18

24

38

&5

45

22

30

RA DEC  AZ ELV
-13 -6 =122 36
~13 -6 -103 11
-14 -6 -98 5
-14 -6 -101 S
-11 -5 82 27
-11 =5 48 52
=11 =5 45 50
-11 -5 119 54
-12 -5 -135 53
;12 -6 =102 11
-12 -6 -108 14
-10 -4 63 51
-11 -4 -3 58

STATION TERMINATION DATA

-49

-78

63

31

33

-28

-79

.50

36

-32

4

-26

-13

=11

24
ra |
-17
-25
-12

-68

‘16

;1

RANGE

201517

202861

201629

201632

202123

200982

201034

200912

200943

203031

202845

200958

200710

09-1



VEHICLE

TRACK ING TIME

PARKS
AUSTRALIA

GwM-24
X-Y US8-30

Haw=12
X=Y USB-30

GCS=28
X=Y USB=-85

CRC=-08
¥=Y USB8~30

FSK=25
X=Y USe-8S%

PARKS
AUSTRALIA

GhM=24
X=-Y UsSe-30

HAW=12
X=Y USB8-30

CRO-08
X=Y USB=-30

PARKS
AUSTRAL 1A

HSK=25
X=Y USB-85

1 RACAR TABLE

HRS MIN SEC
1 1 3
1 11 38
1 11 3e
o o0 29
1 11 se
1 11 ss
1 11 85
1 11 54
1 11 44
1 11 41
0 59 20
1 11 39
1 11 47

GWM=24
X~Y USB=-30

DAY

W

HRS MIN SEC
1é 4 55
1¢& 5 Q
16 5 16
1¢ 5 21
18 2 Sa
18 3 2
18 3 2
18 3 13
le 3 2¢
20 1 30
2¢C 1 2¢
20 1 35
20 1 42

RA DEC
-11 -5
-11 -3
-12 -5
-12 -¢
-10 -4
-11 -4
-1 -4
-11 -5
-11 -5
-10 -4
-10 -4
-10 -4
-10 -4

Y4

22

=123

=-1C1

50

-24

=25

=153

=-1cS

-1

=112

ELV

58

63

4S5

59

70

21

68

41

STATION ACQUISITICN CATA

X

18

21

-4C

64

-31

-14

=69

-7

Y FRANGE
.27 200€s4
=18 200%48
-23 201160
=78 2032¢1

19 2007¢7
=12 200886
28 200€cC3
200518
~14 202503
21 2)0¢€es
21 201568
~42

201¢€e8

201254

DAY

w

HRS MIN
17 16
17 16
17 16
16 5
1?2 1&
12 14
19 14
19 15

19 1%
21 13
21 0
21 13
21 13

SEC
32

39

55

4“9

£2

14

11

5&

15

30

RA DEC
-11 -4
-11 =5
-11 -5
-12 -6
-10 -4
-10 -3
-10 -4
-10 -4
-10 -4

-3 -3

-9 =3

-a -3

-3 -4

AZ ELV

-2

17

=111

=101

14

=122

-97

=103

61

T2

31

68

&7

49

58

30

26

32

STATION TERMINATION DATA

X

-1

3

-57

65

-27

=25

=57

Y

29

-18
-78

21
=30

25

20
15
~59

=11

RANGE

200633
200390
201880
203243
20059
201254
201169
200863
203665
200590
20153¢
202386

202077

19-1



(r
- -

VEHICLE 1 RACAR TABLE

TRACK ING TIME STATION ACQUISITION CATA STATION TERMINATION DATA
HRS MIN SEC DAY HRS MIN SEC RA DEC  AZ ELV X Y -RANGE DAY HRS MIN SEC RA DEC AZ ELV X ¥ RANGE

CRO~08 1 11 4¢ 2 21 59 4R =9 =3 =64 49 =28 17 201290 1 23 11 3 =8 =3 =75 3& =55 12 202106
X=Y USB~30

HSK=25 1 0 45 3 21 59 51 =9 -3 =81 17 -26 =71 202581 3 23 0 37 -8 =2 =8% S5 -6 -85 203160
X=Y USB-85

Chp-24 1 11 ¢ 3 22 0 4 =10 =& =59 21 -69 =5 202734 3 23 11 1¢ -9 -3 =94 5 -85 -4 203721
X-Y U$B-30

MAD=23 0 56 5S¢ 3 22 14 27 -8 -4 100 S5 63 79 202555 3 23 11 23 -7 =4 109 15 49 66 203126
X=Y USB-85

ACH=T5 . o 3 3 3 22 35 9 <7 =3 83 § 85 =2 2022SS 3 23 11 12 -7 -3 91 13 77 ~1 203228
¥Y USB-30

Cyliz04 - . 0o 18 19 3 22 83 0 <=7 -4 &7 S 85 =7 202155 223 11 18 =7 =3 99 9 Bl -9 203495
Y usi—so

ACHrTS . 1 11 40 '3 23 ST 49 =T =3 90 25 &5 0 202673 4 1 9 30 -6 =2 86 42 48 3 201870
~M=Y-USE-30
Cyi=04. .-~ 1 11 46 3 23 57 ST =7 -4 1C5 19 70 =14 202597 4 1 9 43 =6 -3 115 34 5& -20 202267
<¥uY: usé-30 - SRR
HEb-23. .- 1 11 50 3 23 E7 5C =7 =4 118 23 4T 54& 202751 4 'L 9 49 -6 -3 132 35 &4 37 202223
_E=Y < usi-as r . : :
Ca0-00 .1 11 48 3 23 58 11 =8 =3 -8Bl 24 =66 8 202718 4 1 10 0 =8 =2 =80 B -82 2 203689
“go¥-uSh-d0 : . . :
ACN-TS:__, 1 11 48 « 1 S6 & =6 =2 83 %% 36 & 201512 4 3 7 52 -5 =2 13 70 19 & 201086
LY ySB-30 . . :
MG-91 ;... 1 11 43 4 1 5 6 =6 =3 34 S B85 =4 2035€3 4 3 T 49 =5 =2 99 21 68 =9 203047
-X=¥ YSB=30 s

CVEz04 1 11 47 4 1 56 13 =6 =3 125 43 42 -25 201924 4 3 8 1 =5 =2 144 54 23 -25 201533
Y use-30 - ;

Z9-1;



VEHICLE 1

RATAR

TABLE:

TRACKING TIME

MAD-23
X=Y USE-85

BCA=-02
X=Y USB-30

ANG=91
X=Y USB-130

MIL=T1 .
X=Y US8~30

BCA-02
X=Y USB=30

ACN-T75
%=Y USB-30

CYI-04
X=Y. USB-30

MAD=23
X=-Y USB-85

GYM=14
X=Y USB-=30

GLS-28
X=Y USB-8%

FIiL-71
X=Y USBe-30

ANG-91
X=Y USB-30

BDA=02
X=Y USB~30

1

11

53

11

11

11

11

11

10

11

11

11

11

11

HKS MIN SEC

43

10

51

51

53

56

5S4

42

EL

43

42

40

STATION ACQUISITIDN

DAY HRS MIN SEC

4

1

w

wl

55

14

54

54

19

44

26

26

30

33

37

42

43

4

47

50

5S4

RA

-6

-6

-5

=5

-6

=6

-6

-4

-4

-4

-4

DeC

CATE

87 ELV
145 40
97 5
106 32
100 13
mnm 2
45 #1
144 59
=175 47
59 12
Q7 L}
117 37
124 58
136 46

X

44

as

77

63

43

7¢e

49

50

27

Y

25

-7

el

=21

-17

=30

RANCF

202C27

203Ceé0

202%%¢

203€33

202¢2¢

201017

2014¢€1

201e83

203818

204183

202457

201€17

202cc2

STATION TERMINATICN DATA

DAY HRS MIN SEC

%

3

8

2

54

17

17

23

29

31

47

25

25

31

32

a3

RA DEC AZ ELV
-6 =3 168 46
-5 =2 103 16
=4 =2 113 48
-4 =2 109 28
-4 =2 124 39
-5 -1 =S58 78
-5 =2 -162 59
=5 <2 =151 44
-3 -1 107 27
-3 -1 107 20
-3 ~1 133 50
-4 =1 154 70
-4 =1 160 55

43

T4

39

61

46

=10

-10

43

62

39

31

16

Y

=13

~15

=17

=26

=29

=20

=15

64

-26

=33

RANGE

201831

203371

201887

202849

202312

201115

201516

201998

203020

203415

201959

201371

201794

€9-1



P i

VEHICLE 1

RACAR TABLE

TRACK ING TIME

ACN=T75
X=Y USB-30

CYI=-04
X=Y USB-30

MAD=-23
X=Y USB=-8%

EYM=14
*=Y USB-30

G0S-28
X=-Y US8-85

MIL-T1
X=Y US8-30

ANG-91
%=¥Y " USB-130

80A-02
‘K<Y -US8-30

ACN=T'S
A=Y USB-30

EVI76§
X=¥ ‘USB-30

_MAp-23
" X=¥ USB-85

PAN-12
XY "US B~ 30

HaW-12
<iRRY YSB-30

Y- T

L R

. -

HRS MIN SEC
1 11 138
1 11 39
1 11 43
1 12 3
112 1
1 121
1 12 1
1 12 3
1 11 5S¢
1 12 1
1 11 57
0 22 40
1 11 37

DAY HRS
4 5
4 s
4 =
4 7
6 7
4 7
« 7
4 7
“ 7
. 7
6 7
4 &
&

MIN

52

53

51

" 51

51
51
39

49

STATION ACQUISITICN CATA

SEC
59

59

59

n
16
19
52

18

RA DEC
-5 -1
-5 =2
-5 =2
-3 -1
-3 -1
- -1
-% =1
-4 -1
-% -1
-4 -1
-4 =2
-2 -1
-1

-.Z

Al ELV
=75 67
=142 Sé&
=127 38
115 37
115 29
150 55
-170 T
=190 5%
-85 38
-113 34
-111 20
3 S
100 21

X

-22

-24

43

=51

=54

44
85

89

Y

6

-28

=32

=20

=29

-18

-9

RANGE

20127¢
201739
202192
20262C
203c18
201e11
201418
201814
202528
202737
203457
203302

203573

STATION TERMINATION DATA

DAY HRS MIN SEC

A

7

11

4

37

44

48

59

10

11

16

16

52

56

RA DEC
-4 -1
-4 -1
-6 -1
-2 -1
-2 -1
-3 -1
-3 -1
-3 -1
-4 0
-3 =1
-3 -1
-2 -1
=1 [+]

AZ ELV

-82

=122

=120

131

130

-178

-129

=150

-87

=102

95

108

50

43

28

50

41

.61

63

53

21

20

10

37

X

-40

-42

&3

33

36

=21

=21

=70

45

80

52

Y

5

=23

=50

=25

35

-29

bt 1

=31,

=11

-70

-5

-la

KANGE

201961

202240

202957

202114

202482

201751

.201684

202006

202688

203579

206254

2064109

202805

v9-1-



VEHICLE 1

TRACK ING TIME

GDS-28
X=Y USB-8f%

GYN=14%
X=Y USB-30

MIL=71
X=-Y USB-30

ANG~91
X=Y US8=130

8CA=02
X=Y USB-30

ACN=TS
X=Y USB-30

CVI=04
X=Y USB-30

HAW=12
X=Y USB-30

GYM=14
X=Y USB~30

G0S-28
N-Y USe=85

MIL=T1
X=Y USe-30

BOA=902
X=-Y Use-30

ANG-91
X=Y USB=30

RACAR TABLE

HES MIN SEC
1 11 38
1 11 3¢
1 11 41
1 11 37
1 11 13§
o 19 .46
o 21 20
0 40 22
0 40 11
0 40 11
0 &0 4
¢ &0 4
0 4o 2

DAY

HRS MIN SEC
¢ 49 28
§ 43 28
9 49 34
9 49 4C
9 49 41
e 49 43
S 49 4¢

11 &7 28
11 4«7 239
11 47 39
11 47 45
11 47 45
11 4T 48

RA DEC
-2 -1
-2 -1
-3 -1
-3 -1
-3 -1
-~ 0
-4 -1
-1 o
-2 o0
-2 o0
-2 0
-2 0
-3 0

AZ ELV
144 48
147 57

-155 <8
-116 54
-124 .47
-89 10
-56 9
116 47
-156 60
-171 54
-118 40
-1c9 26
-39 27

STATION ACQUISITION CATA

X

36

20

40

=13

36

-63

-62

Y

24

=28

=5

=21

=17

RANGE

2022¢6

201933

3 201€Ee3

202021

9 202289

2042CC

204212

202448

201981

20216¢€

202702

202414

203282

DAY HRS MIN SEC

4

11

11

11

11

11

10

10

12

12

12

12

12

12

1

11

27

27

27

27

27

[

1¢

14

20

27

49

49

49

49

49

49

RA DEC AZ ELV
-2 0 169 54
-2 0 180 62
-2 0 -130 49
-2 0 -104 38
-2 0 ~-117 235
=3 0 -89% H
-3 -1 =93 H
-1 0 125 55
~1 0 =140 55
-1 0 ~-155 52
-2 0 -111 33
-2 0 =102 19
-2 0 =9 18

STATION TERMINATION DAT2

X

36

-34

=51

=51

-85

30

-24

35

-55

=71

=72

Y

6

=11

-22

~-19

-26

=15

-17

=12

-5

RANGE

202092
201842
202272
202737
202882
203535
203475
200887
200860
200982
201806
202580

202593

§9-T!



TRACKING TIME

™,
VEHICLE 1
HSK=25 |
A=Y USB-05
CuM=24
X=Y USB~30
HSK=25 .
. UM L
CHit=24 .
/ #mY.USB-30
Yau=-12-. .
- E=Y USB-30
i-28.
\ 2 8=Y USB~-85
-G¥E=-16.

o< ¥=Y .USB=30
Q”‘L??l;:

axle¥ USE=30 .

.:4'03,3 u

§i NV ;US8-30 -

) e
| gReNzUSE-30

HSK=-25:. -

Cqli=¥Y ,USe-85 -

L It

padeY USE-30 .

Wa-42

» XY 7USE=30

Yk Do i

ZAW- I

RACAR TARLE

HRS MIN SEC

4 12

4 12

14

26

LPO COAST

6 12

& 12

& 12

4 12

& 12

& 12

4 12

4 12

e 12

4 13

28

28

29

28

28

28
28
28
45

45

45

CAY HRS MIN SEC

RA
22 -1
13 0
TC LapC1
H 0
5 0
5 ff
L =1
5 -1
5 =2
s =2
5 -2
3e 0
43 0
54

AZ

a5

s1

a3

-140
-111
-1c2
-G8
7
36

157

ELV

5

7

55

52

55

33

19

18

23

2%

67

STATION ACQUISITION DATA

X

-43

-4l

es

-24
-55
-1

=72

-38°

66

10

Y

83

-1

eo

-15
-15
-z¢&
-17
-12
-5
‘61
-5

=22

RANCE

2034¢€7

2022¢3

203233
203358
20cees
200586
2008&4

201E12

202586

202559
2037¢6

2036175

201633

sy T
iR

12

12

12

12

12

12

12

12

12
12

14

14

STATION TERMINATION DATA

27

27

59

59

59

59

59

59

59

59

57

57

DAY HRS MIN SEC

4«9

49

17

29

29

32

3%

36

22

31

47

DEC

1

AZ ELV

83

91

79

92

134

=130
=106

57

100

1 -15¢e

7

13
13
60
4s
?l
27

12

11

41

67

X Y RANGE

-41 B0 203232

85 -1 203355

-40 73 204193
77 =2 204227
22 =20 202022
35 =23 202%1%

T!Z =24 202345

-%2 -164203452

-77 -8 2062,2

-79 _-3 20‘;35

=38 44 203169
.49 -8 2029..

-9 =21 201905

99-1: %



VEHICLE 1

TRACKING TIME

GDS-2e
X=-Y use-8c

GYM=14
X-Y USB-30

MIL=T1 :
%=¥. YSE~30

PARKS
AUSTRALIA

CRO-08
X=Y USB-30

CRO=08
X=¥ USE8-=30

HSK=25
X=-Y ysa-as

PARKS
QUSTRAL 1A

GWM-=24
X=Y USB-30

HaW=12
¥=¥ USB~-30

GDS~29
X=Y USB-8f

GYM=14

=Y USB=-30
CRrO-08

X=Y USB~-30

RADAR TABLE

HRS MIN SEC
1 11 57
1 10 6
0 57 sa
0 31 &7
0o 18 7
1 11 40
1 11 a1
1 11 el
1 11 2
1 11 38
t 11 37
1 4 so
1 11 53

DAY

HRS MIN SEC

13

13

13

14

14

17

“5

46

LT

25

39

43

43

%3

a4

44

44

44

42

-}

3¢

11

54

ST

59

23

31

33

13

RA DEC AZ ELV
-1 0 =130 42
-1 0 -118 42
-2 0 =99 17
0 2 £6 30
1 2 a6 I 5
1 2 7° 19
1 2 46 42
1 2 4B A4
1 1 106 S2
0 1 =124 €1
-1 1 ~-106 22
-1 1 =39 19
2 2 £0 44

STATION ACQUISITICN CATA

X

Y RAMCGE

a5 -35 202751

-4k

=73

58

es

70

-38

3e

=21 202761
=9 204071
21-202C97

4 203650
11 204C77
32 202917

29 202856

37 -10 202518

=22

34

=72

42

-20 2022¢7

=63 203917

-9 204117

21 202685

4

14

14

14

14

14

16

16

16

‘16

16

16

16

18

58

<6

4

S5

55

5%

55

4«9

56

= DAY HRS MIN SEC

4

13

38

40

46

23

RA DEC
o 1
0 1

-1 1
1 2
1 2
2 2
1 2
1 2
2 2
1 1
0 1
o 1
2 3

STATION TERMINATION DATA

AZ ELV X Y

=114

=106

=92

59

84

69

23

26

120

=114

40

31 34 =52

29 =60 ~14&

5 =85 =2-

35 S0 24
° 81 &
34 54 18
50 -38 15
52 19 3e
68 19 -11
48 -39 -16
9 28 -80
5 -85 -1

55 24 26

RANGE
203392

203407

206122

2031286

204582

203336

202651

202572

202102

202726

204776

200626

202589

L9-1T"



VEHICLE 1

TRACKING TIME

HRS MIN SEC
HSK=25 1 11 s8:
X=Y USB-85

PARKS 1. 11 50
AUSTRAL 1A

GhM=24 1 11 59
X=¥ USB~30

HAW-12 1 11 59
X=Y USB-30

CRO-08 0 12 &7
¥-Y USe-30

HSK=25 0 12 3¢
X-Y Usg-85 -

PARKS 0 12 139
AUSTRALIA

GuM=24 0o 12 31
%=Y USE-30

Hi=12- " " 0 12 21
X-V USB-30 - -

ST vdg

Hiw=12 o 17 s1
Xx=Y usg-3o

CRg-08. 0 S8 34
_¥=Y- USB<30

PARKS 0 58 &0
AUSTRALIA

HSK=2%5 ‘0 S8 41
XY gss-e¥

Lx3=03

Wy TFE- L

VEwer

RACAR TABLE

DAY HRS MIN SEC

& 17
4 17
4 17
6 17
4 19
4 19
4 198
4 1e
4 10
Loec1
4 19
& 1°
4 19
4 1€

42

42

42

42

40

40

40

40

41

19.

19

25

a7

&5

&6

RA
1

DEC
2

TO LM JETTISON

53

53

53

53

%S

4%

45

45

1

A2 ELV
5 52

6 S5
148 75
-1c6 39
2c €1
-28 46
-33 47
~115 €5
-93 12
-92 o
13 62
63 4
-42 43

STATION ACQUISITICN CATA

=51

=31

- zz,'

-78

-34

=39

Y

-13
27
-26
32
=10

-3

27
31

-29

“RANGE

202651

2025€&1

202C27

8.

203

Ny
“w

202501

203CE4

202584

2023¢7

204774

204205

20119

2024C5

202%05

DAY HRS MIN
4 18 54
4 18 56
4 18 54
4 18 S
4 19 E3
4 19 53
4 19 S3
4 19 53
4 19 53
4 20 11
4 20 52
4 20 S2
4 20 52

SEC
17

19

25

36

25

25

25

25

25

36

19

25

26

RA DEC
2 3
2 3
2 2
1 2
2 3
2 3
2 3
2 2
1 2
2 2
3 3
3 3
3 3

AZ ELV

=22

-22

-137

14

-42

49

52

75

23

62

43

45

STATION TERMINATION DATA

X

-39
-17
<10

-67

-39
-34

-26

-9
-49

-40

Y

-14

35

-11

-7

217

-9

31

-1Q

-2.

28
27

-43

RANGE
202820

202722
202126
204116
201836
202519
202420
201809

20922

203931
202557
203547

203643

¥

89-T |



VEHICLE 1

TRACK ING TIME

GWM=24
X=-Y USB-30

C“O.-».OGI_ Lt &
. K=Y 1USB=-30

HSK=25.
X-Y use-8s

GWM=24
X=Y USB-30

MAD-23
X=Y USB-8%

ACN=75
X=Y UYSB-30
CYI-04
X=Y US8-30

MAD-23
X=Y USB=8S

CRO-08
A=Y USB=-30

GuM=24
X=Y USB-30

ACN=TS
X=Y USB=30

CYI=04
A=Y USB-30

MAD=23
X=Y Use-85

RACAR TABLE

HRS MIN SEC
0o s8 s2
1 11 ‘47
1 11 43
1 11 40
0 13 43
1 11 32
1 11 33
1 11 3
1 11 39
0 22 23
1 11 51
1 11 4¢
1 11 a2

DAY

"

HRS

1¢

21

21

21

22

23

23

23

MIN SEC
§3 45
a3 59
39 s
39 18
36 56
37 9
37 19
37 22
7T N
37 «l
35 18
a5 2§
35 34

RA DEC  AZ ELV
2 2 -112 63
3 3 -31 s
2 3 -85 25
2 3 -97 38
5 3 91 5
5 3 8 8
5 3 &1 3
5 3 101 16
3 4 -66 135
3 3 -29 10
6 4 719 27
6 3 1c6 36
5 3 126 37

STATION ACQUISITION DATA

X Y
=26 =10
-22 27
=41 =55
=51 =5

e 8~s

82 5
g2 -1
32 70
-53 20
-80 1
53 9
55 =12
36 42

RANGE

201794%

2027<2

204150

203488

206€€3

205272

205275

204790

203800

205125

203863

2040156

203838

DAY HRS MIN SEC

4

“n

20

22

22

22

22

52

£0

50

50

49

48

48

49

47

47

47

37

46

48

58

39

42

52

11

16

RA DEC  AZ ELV
3 3 -102 SO
4 4 =56 44
3 4 =76 12
3 3 =92 22
5 3 93 @
6 & 82 25
6 3 95 23
6 3 113 29
4« & -75 20
3 3 -88 S
T 5 7 53
7 4 118 48
[ 4 162 &7

STATION TERMINATION DATA

X
-40

-4l

-48

-68

20

65

66

35

=70

36

38

36

Y

-8
23
-72
-2

82

53

14

11
~-18

25

RANGE
202945

203308
204983
204622
205235
204366
2044657
204151
204672
204370
203239
2034622

203459

69-1'



VEHICLE 1

RACAR TABLE

TRACKING TIME

CRO-08
X=Y yse-30

ANG=91
X=Y USB=30

8ca=-02
X=Y yse-30

ANG-91
X=-¥Y USB-30

ACN=-T%
X=-Y US8-30

8CA-02
A=Y USE-30

CVI-04
X-Y USB=30

MAD-23

X=Y USp-8%
MIL-T1

X=¥ USB-30
ANG~91

K=Y US8-20

MIL-T1
X=Y USB~30

80A-02
HA=¥Y USB-30

ACN-T5

K=y -USB-30 *

e

HRS MIN SEC
0 20 18
0 13 6
0 3 49
1 11 3¢
1 11 41
1L 11 19
1 11 47
1 11 &1
0 5T &
1 11 40
1 11 «c
1 11 3
1 11 3%

DAY HRS MIN SEC

5

n

\n

(4

1

\n

35
23

43

33
33
3%
e
32
22

32

47

59

21

47

49

49

54

17

11

12

kA DEC
4 &
7 &
7 %
7 &
6 5
7 4
b &
s 4
7 e
g s
8 &
8 [
7 s

AZ ELV
-81 9
87 S
89 5
s2 19
e2 44
35 16
131 57
159 52
P85
1C2 47
1co 27
114 40
=25 16

STATION ACQUISITION DATA

-80

85

85

71

24

T4

26

3

85

42

62

48

Y

-2

12

=21

13

-9

-18

13

RANGE

205232

204569

205469

204914

202SPR0

205118

203690

204¢14

204C02

202874

STATION TERMINATION DATA

DAY HFS MIN SEC

5

n

1

6

&7

47

45

45

45

45

45

45

43

43

43

43

5

1cC

22

30

28

41

&2

24

il

&5

&7

RA DEC AZ ELV X
4 & -83 5 -85
7 & 88 B8 82
7T 4 89 6 84
8 S5 97 36 54
7 S5 24 76 6
8 & 105 30 S9
7T 5 162 €6 B
7 % =172 5% 136
8 5 9% 17T 7
8 S 113 63 25
9 5 111 42 &6
8 5 131 52 30
8 6 =60 63 -24

Y RANGE

7 204622
2 205484

1 205622
-5 206101
13 202801
-13 204384
-23 203001
-4 203361
-& 205096
-10 203209
=15 203955

=23 203547

13 203210

0L-1



VEHICLE 1

TRACKING TIME

CYl=-04
X=Y USB=30

MAD=-23
X=-Y UsSB=-85

GYM=14
X=Y USB-130

GCS=29
X=Y USB-8%

GYM=164
X=-Y USB-30

GCS~-28
X=¥Y USB=8%

vIL=T1
X=Y USE-30

ANG-91
X=Y USB=30

BCA=-02
X=Y ySe-30

ACN=T7S
A=Y UYSB-30

CYI-04
X=Y US8-30

¥AD=23
X=Y USB-8%

HAW=12
X=Y USe-30

RACAR TABLE

HRS MIN SEC
1 11 a7
1 11 36
0o s2 31
0 28 13
1 11 45
1 11 &7
1 11 53
1 11 53
1 11 s3
1 11 54
1 11 57
1 11 54
1 11 34

DAY HRS MIN SEC

5

(3]

5

32

32

15

30

30

30

30

30

28

19

24

a1

21

21

26

26

28

32

a7

38

RA DEC  AZ ELV
7 4 =168 45
7 4 =153 &}
8 4 nrE S
8 5 @88 S
9 s 59 27
9 S5 ea 2
8 &5 122 51
8 5 131 13
8 L 148 59
7 6 =70 52
7 5 -119 51
7 5 -119 136

100 & 87 9

STATION ACQUISITION CATA

X

-5

63

22

34

13

18

Y

=23

-8

£8

-19

=11

-2¢

12

-18

-45

RANCE

203040
203815
204565
204¢ée5
204758
205146
203¢50
203065
203398
203611
203672
204203

205959

DAY HRS MIN SEC

5

5

10

3
43
43
43
42
“2
62
2
2
42
42
42

40

56

60

40

44

16

19

20

27

3%

23

11

RA DEC
8 5
8 5
9 5
9 5

10 6

10 5
9 6
9 6
9 6
8 6
8 6
8 5

11 []

AZ ELV

STATION TERMINATION DATA

X

=133 59 =23

=131

93

91

109

145

=159

=177

-76

=105

=104

93

43

16

11

42

34

63

78

63

36

37

24

35

T4

&7

27

16

-4

-1

-53

=52

29

65

Y

-21
-33
-3
79
-14
51
-22
-11
=27
1
-12
-62

-3

RANGE
203325

203909

205293

205619

204126

204478

203356

203066

203357

204406

206371

205013

2051 05

-1



TRACKING TIME

T
VEHICLE 1
HRS MIN SEC
GYM=14 1 11 34
X=Y USB-30
GDS-28 1 11 3
X=Y US$B-85
MIL-T1 1 11 34
X-Y USE-30
ANG-91 1 11 33
X-Y Use-30
BCA-02 1 11 33
X=Y USB-30
ACN~TS 1711 “2¢
X-Y USB-20
wAD~23 0 so 47
X-Y USB-85
tY1-04 1 11 AN
X-Y USB-30
HiW-12 1 11 se
X=Y USB-30
CYN-1% 1 11 s=
X-Y USB-30
6os-20 1 11 55
X-Y yse-85
L-71 1 11 Ss
X-Y USe-30
ANG-91 1 11 S5

X=Y USB-30

RACAR TABLE

h

-]

11

11

11

11

11

STATION ACQUISITION CATA

28
23
28
28
28
29
20
29
26
27
27
27

27

DAY HRS MIN SEC

45

45

52

5%

57

10

RA DEC
9 6
9 5
9 6
9 [
9 5
8 [
8 5
8 5
11 6

10 ]
10 6
10 6
9 6

AZ ELV
tie 51
120 43
172 €7

-126 N

-153 60
~-20 24
-6 15
-c8 27

59 35
168 68
159 59

-127 57

-98 44

X

35

28

-1é

=15

-AS

22

-63

54

2%

-28

=45

Y

-18

40

=23

=11

=26

-7

-7

11

-20

-5

RANCE

203ecs

206140

202318

203237

203483

205¢22

204918

204628

203446

203675

203745

204201

DAY HRS MIN SEC

5

\n

10

10

10

10

10

10

10

10

12

12

12

12

12

40

40

40

40

40

40

28

40

a9

39

19

19

27

28

30

53

38

47

PA DEC
10 6
10 5
10 6
9 &
10 6
9 7
? 6
9 6
12 7
n v
m v
10 7
10 T

AZ ELV

142

139

-147

-89

108

-148

=167

=110

=91

63

54

66

56

51

12

51

65

61

28

STATION TERMINATION DATA

X

17

29

=15

=33

=33

-34

-78

37

-14

29

~45

-62

v

=21

22

-22

-22

-84

=11

-21

=14

-1

RANGE

203487

2037668

203473

203721

203873

2065087

205631

205882

204026

203589

203720

204338

205080

r420 i



VEHICLE 1

THACKING TIME

B8DA=02
X=Y US8-30

HSK=2§
X=Y uUse-8s

Ghi=24
X=Y US@-30

Haw=12
X=Y US8-30

GDS-28
X=Y USB-8%

GYM=14
X=Y USBe-30

wIL-T1
X=Y USB-30

ANG=91
X=Y USB-30

BDA=-02
X=Y USB-30

HSK=25
X=Y USe-85

ChM=24
X=Y UsSe-320

HAW=12
X=Y Us8-30

GDS=28
X=Y UySB-8c

RACAR TABLE

HRS MIN SEC
1 11 55
1 11 32
1 11 3
1 11 3¢
1 11 38
111 34
1 11 36
0 53 s5
1 11 32
1 11 s6

<
1 11 5&
1 11 5%
1 11 ss

DAY

w

\n

An

wn

HRS MIN
11 27
13 25
12 2%
13 2%
13 2%
13 25
13 2%
12 2¢
13 25
15 23
15 23
1£ 23
15 23

SEC
11

1c

18

32

33

37

4c

4c

15

20

32

30

RA DEC 82 ELV
9 6 -115 43
12 7 76 6
12 7 es 10
117 110 &
11 6 -146% 5%
11 7 -128 58
10 7 -102 34
10 7 -es 17
10 6 =395 19
12 8 c6 27
13 7 &1 38
12 7 =165 715
11 7 -112 38

STATION ACQUISITION CATA

X Y

=45 =18

80 5

2¢ -13

29 -18

=26 =19

=55

=73 2

-T1 =4

-4T7 &7

52 -1

-4 =15

25 =47

RANGE
204278

20£2%0

206159

203751

203¢€eS

203828

204836

205729

205858

205213

204784

203¢&C0

204770

DAY HRS MIN SEC

5

N

12

14

14

14

14

14

14

14

14

16

16

16

16

39

26

26

36

a7

EX)

27

19

w
~

w
n

3R

L]

EH]

40

54

13

a5

12

11

14

27

as

RA DEC
10 7
13 8
13 7
12 7
11 7
11 7
11 7
11 7
11 7T
13 9
13 8
13 8
12 8

AZ ELV
-102 29

65 19

88 27

152 73

=122 47

=110 45

-85 5

39 37

95 55

=122 65

STATION TERMINATION DATA

X

=60

=51

63

27

-43

-7

=46

35

=22

18

v

-10

59

=35

-16

30

-3

-13

-64

RANGE
205034

10;699
205275
203552
204339
204401
205720
205629
206525
204501
206173
203887

205538

€L-T



VEHICLE 1

TRACK ING
HRS MIN
GYM-14 111
X-Y US8~30
FIL-T1 0 17
X-Y USe-30
PARKS Tl
AUSTRALTA
CRO-08 1 o
X=-Y Use-30
CRO-08 1 11
X-Y USB-30
HSK=25 1 1
X=Y USB-8S
PAFKS 1 1n
AUSTRAL 1A
GuM-24 1 1
X-Y USB-30
Hab-12 1 1
X=Y USE-30
Gos-28 0 5=
X=Y USB-85
evM-14 0 24
%-Y USB-30
€ERO-0OR 1 1
X=Y yse-30
PAKKS 111

AUSTRALIA

RACAR TABLE

TIME

SEC

54

36

1€
31
33
33
34
*
39
11
57

Sk

DAY

n

-

STATION ACQUISITICON CATA

HRS MIN SEC

1

12

15

15

17

17

17

17

1~

17

l"

1¢

1¢

23

22

34

34

21

21

21

21

22

22

22

1<

13

«0

44

&6

42

14

15

4R

55

RA DEC
1nm 7
1n 7
13 8
13 2
1% @
13 9
13 9
13 8
12 8
12 7
12 7
e o
14 9

AZ ELV
-102 35
-a7 Q
£ 30
79 5
3 27
26 42
28 4
1C1 46
flC° £s
-22 15
-7 10
40 48
-1 47

X

-54

-81

55

€0

-45

25

Y

=10

W

29

11

22

19

39

41

RANCE

204510

2063¢5

204644

206C22

205472

204727

204€38

20135601

204222

20€1C5

205417

204€50

204£719

STATION TERMINATION DATA

DAY HRS MIN SEC

5

w

15

18

15

16

18

18

19

1R

18

18

17

20

20

25

41

17

4¢

N

34

19

20

27

42

26

45

kA DEC
12 8
11 T
12 9
14 8
14 9
14 9
14 9
14 8
13 8
13 8
12 e
15 10
15 10

AZ ELV X Y
-92 21 =49 =2
-85 5 -8¢ H

42 39 40 3o

T2 17 T2 17

52 40 43 28

3 45 =45 2
& 48 3 42
129 82 6 =5
-98 40 =50 -o
-84 5 =50 -82
-B4 5 -85 ©

15 55 10 34

=35 &C =34 38

RANGE

205788

205722

204826

205949

204892

204670

204566

203728

204936

205000

205621

204465

205040

bL-1T -



VEHICLE 1

TRACK ING T IME

HSK=2F%
X-Y yse-8c

GhM=24
X=Y USB=30

HAw=-12
X=Y USB-30

CRO=-08
X=Y USR-30

PARKS
AUSTRALIA

FESK=26§
X=Y USe~-8%

GhM=24
X=Y USB-30

MAD-22
X=Y USB=-8¢%

CRC=-08
X=Y USB-30

HSK=2F
X=Y UySp-8c

Gwb=24
X=Y USB-20

CYI=04
X=Y USBE-30

ACN=TS
X=Y USE-30

RACAR TABLE

HRS MIN SEC
1 11 54
1 11 57
1 11 4%
1 11 34
0 24 21
1 11‘ 33
1 11 %
1 11 48
1 11 4¢
0 36 24
1 11 3¢
0 33 a5
0 14 4

DAY

\h

wn

Wi

ivl

W

HRS

1¢

1¢

1°©

21

21

"~
w

N
W

23

MIN SEC
13 Se
20 1
20 16
18 26
13 31
18 2t
18 37
15 130
1« 41
15 44
16 &0
s4 39
1« &

kA DEC
14 9
14 a
13 ]
15 e
16 10
¢ 10
14 %
17 3
15 10
1§ 10
15 3
17 ¢
18 10

AZ ELV
-14 44
-1321 B2
-93 29
-6 €5
-48 24
-47 22
-c4 E5
8% a
~46 43
-£9 11
-85 27
a2z S
e 5

STATION ACQUISITION CATA

X Y
-45 =10
-5 F
-81 =2
-4 34
48 34
~48 =30
-38 =2
-9 &1
-38 30
-£1 -g%
-52 2

B 8

85 11

KANCE

204788

2G38CC

205¢21

2044¢€0

2054C2

205812

204458

20€CE4

205134

206781

2058902

205304

2065C0

DAY HRS MIN

s

mn

20

20

20

22

21

22

22

23

1

21

32

2¢

&2

28

N
n

28

28

28

STATION TERMINATION DATA

SEC

&0

82

17

18

27

38

14

RA DEC
15 10
15 9
14 9
16 10
15 10
15 10
15 9
18 9
16 10
16 10
16 10
18 10
12 10

AZ ELV
-35 138
-99 67
-86 13
-32 S0
-53 3¢
-61 2C
-85 39

9% 22
-60 30
-74 €
-82 11

85 12

76 A

X

-46

=23

-77

-24

-54

=53

=51

15

-56

-79

78

82

Y
=27

-3

33

32

=55

68

26

=73

11

KRANGE

205153
294127
200496
204788
204493
206224
205269
206287
205837
205890
206917
206824

207045

SL-T



C

VEKICLE 1

TRACK ING T IME

ACN=-75
X-Y USB-30

Cvi-04
X=Y USe-30

MpD=23
X=Y USB-8%

CRO=-08
X=Y USE=30

ACN=T75
X=Y USB-30

ANG=-31
. N=Y USB-30

BCA-02
X=Y. Use~-30

CY1-04
X=Y USB-30

" mAD-23

¥=Y USB-85

AN6-91
X-Y Use-30

ACN-TS
X=Y US8-30

0s-02
X=¥ USB-30
CYI-04
X=Y USB-30

RACAR TABLE

HRS MIN SEC
1 11 e
1 11 19
1 11 39
1 11 43
0o 8 28
0 e 26
o 8 23
o e 19
¢ 8 12
T 37
1 3 10
1 3 16

20

I3

LPO

1 14
1 14
1 16
1 15
3 12
213
3 13
3 13
3 13
COAST
3 21
2 21
3 21
3 Zi

DAY HRS MIN SEC

RA DEC
47 18 10
s1 18 10
59 17 9

3 16 10
59 18 11
0 19 10
3 19 10
8 18 10
15 18 10

TC LOPC2
31 19 10
1 18 11
31 15 10
31 18 10

STATION ACQUISITION DATA

8Z ELV X
% 20 70
51 23 &7

105 30 22

-57 20 -68
€5 4T 41
°1 & 84
82 5 Bf

107 43 &1

132 S0 25
e2 8 82
€4 49 28
g1 7 €3

1c9 S0 20

Y-

13

21

17

-11

28

17

=12

RANGE

206460

2062¢¢e

205¢74

205400

205278

207425

207443

205217

205126

206€73

204787

206507

204726

DAY HRS MIN SEC

5

2

26

2¢

26

21

21

21

21

21

24

24

24

23

31

37

£2

27

27

27

27

27

38

42

49

52

RA

19

18

18

17

18

19

19

18

18

20

19

20

19

DEC
11

10
10
11
11
10
10
10

10

11
1
10

.11

AZ ELV

71

99

119

-78

82

83

108

135

49

90

123

36

38

43

49

50

51

22

61

20

62

STATION TERMINATION DATA

X Y

53 18

52 =7

27 40

-84 15

38 17

82 8

83 7

39 ~12

29 26

58 5

23 19

70 -0

24 =15

RANGE
205678

205587
205363
207372
204771
2058786
200912
2047 26

204665

206542
204845
2065661

204815

9L-1



VEHICLE 1

TRACK ING TIME

MAD-23
X=Y USBe-85

Mit=71
X=-Y US8-30

ANG=-91
X=Y USB=30

MIL=-71
X=Y USB-30

80A-02
X=Y USB-30

ACNH=-75
A=Y USB-130

CYI-04
X-Y USB-30

MAD=-23
X=Y USB-gef

CYM-14
X~Y USE-30

GDS~-28
X=Y USE-95

ANG=91
X=-Y USB=-130

NIL=T1
X=Y USP-30

8DA=02
X=-Y yUSe-30

P i

RACAP TABLE

HRS MIN SEC
1 3 27
o 4 9
1 11 31
1 11
1 11 2
1 11 34
1 11 3
1 11 3
1 11 43
1 11 ae
1 11 st
1 11 A7
1 11 51

DAY HRS
[ E}
[ 4
3 <
€ 5
5 s
6 €
[ €
[ &
5 7
6 7
IS y
£ 7

MIN SEC
21 3t
20 37
1 21
I 22
1 23
11 28
11 32
11 37

@ 20
9 33
Q 34
9 24
2 2

RA DEC
18 10
20 10
20 11
20 10
19 10
19 11
19 11
19 10
21 11
21 11
20 11
20 11
20 11

AZ ELV
135 51
g1 5
28 133
27 16
37T 30
2R €8
146 70
=130 60
85 15
84 11
38 61
1¢1 42
119 £4

STATION ACQUISITICN CATA

x v
29 26
85 9
s7T 1
7% 3
€0 ¢
11 19
12 -17
0 o
5 &

-29 78
25 -4
48 -8
23 -17

RANGE

204661

207219

206024

205651

20€162

204725

204€S0

204521

207159

207423

205C%¢

205774

STATION TERMINATION DATA

DAY HRS MIN SFC

5

o

4

24

22

23

23

21

21

21

21

21

€8

46

53

9

13

19

25

21

28

KA DEC
19 10
20 10
20 11
21 11
20 11
20 12
20 11
20 11
22 12
22 11
21 12
21 12
21 12

AZ ELYV

158

8l

93

96

108

=20

~161

=148

93

93

143

58

S0

31

44

69

73

57

30

25

77

56

&5

X

30

84

40

59

&4

-7

-6

29

60

12

31

16

Y
11

-&

-12

20

=16

-17

&5

-5

=13

-20

RANGE

204934

207483

205366

206197

205587

204789

206727

205128

206395

205699

204806

205288

205040

LL-T



s

VEHICLE 1

TRACKING TIME

ACN=T75
X=Y USB-30

CYI-04
X=Y USe-30

MAD-23
=Y UYSB-8%

GYM=14
X=-Y Use-30

6Ls=-28
X=Y Use-8%¢

MIiL-71
%X-Y USB-30

aNG=91 |
%=Y USB-30

80A-02
X=Y USB-30

ACN=-T5
X=Y USB=30

CYi=-04
-X=Y US8-30

MAD-23 .
_X=Y USB-85

HAW=12
=Y USB-30

H“Tlljj 5
X=Y, . U$ B30

RACAR TABLE

HRS MIN SEC
1 11 54
L 11 51
L 11 52
L 11 29
1 11 27
1. 11 32
1 11 2¢
1 11 29
1 11 28
1 1 28
1 1 25
0 3¢ 32

i1 &8

4

o

[}

7

11

STATION ACQUISITION DATA

9

49

DAY HRS MIN SEC

39

45

49

50

52

55

60

13

14

42

54

FA DEC
19 12
19 11
19 11
21 11
21 11
21 12
21 12
21 11
20 12
20 12
20 11
22 12
23 12

AZ ELV X
-4 63 =20
~122 €5 -1¢
-131 S1 2e
co 41 40
101 24 186
128 &5 20
170 85 0
172 &9 3
-68 238'=50
-1C! 43 =46
-1¢c3 21 20
70 5 85
86 23 67

Y

19

=15

=29

-7

o

=15

17

~£6

11

PAMNCE

205002
204504
2052€5
205358
2062¢€3
205CeS
204784
204¢€S3
2060£8
205820
206388
206€65

207026

CAY

¢

HRS MIN SEC
8 21 33
8 21 37
8 21 &0

10 12 19
10 19 20
10 19 27
10 19 28
10 19 231

10 19 37

10 19 4}
10 19 29
10 19 14
12 17 43

RA DEC
20 12
20 12
20 11
22 12
22 12
22 12
22 12
22 12
21 13
21 12
21 12
23 12
23 13

AZ ELV

=61

=109

-112

111

114

172

=104

=144

-91

-90

82

91

49

54

40

56

48

73

73

66

22

29

19

12

39

STATION TERMINATION DATA

=37

-35

24

33

20

=17

=15

-67

=61

78

51

Y RANGE

19 205574
-11 205397
-45 205951
-12 205450

38 205735
=16 20500z

-4 205014
-19 205160

16‘206991

=1 206643
=71 207176

8 207570

-1 206288

8L-1



VEHICLE 1

TRACKING TIME

GYM=14
X=Y USB-30

GDS-28
X=-Y USB-8%

MIL=-71
X=Y USB-30

ANG-91
‘X=Y USB-30

B0A-02
X=Y USB-30

ACN=TS
X=Y USB=30

MAD~23
X=Y USB-~85

CY1-04
X=Y UsSe-=30

HANW=-12
X=Y USB-30

GCS=-2¢8
A=Y USB=85

GYM=14
X=Y USB=-20

MiL=71
X=Y USB-3C

ANG=-91
X=Y Use-30

RACAR TABLE

HES MIN SEC
1 11 S
1 11 56
1 11 52
1 11 53
1 11 51
0 25 34
0 21 s6
1 5 1
1 o1t o3
1 11 32
1 11 130
1 11 30
1 11 32

DAY

HRS MIN SEC
11 5 &9
11 -] 2
11 6 L4
11 ¢ 10
11 5 10
11 6 15
11 6 18
11 6 18
13 4 17
13 4 27
132 4 28
13 4 35
12 4 3e

RA DEC LY 4

22

22

22

21

21

21

21

21

23

23

23

22

22

12 128
12 127
12 -140
12 -c6
12 =125
12 -76
12 -e3
12 -ne¢
13 57
12 ~175
13 =152
12 -1c5
13 -s6

ELV
55

56

71

€2

11

10

18

S0

&7

73

50

34

STATION ACQUISITION DATA

21

22

=10

-70

=35

=72

40

23

-8

-38

-56

Y

-14

25

-3

-17

14

-78

-4

=15

-10

RPANCE

205244

205495

205CsHA

205225

205411

207¢76

207735

207252

205&€0

205227

205211

205828

206553

DAY HRS MIN SEC

6

12

12

12

12

12

11

11

12

14

14

16

14

14

17

17

17

18

18

34

11

15

15

15

15

16

53

55

59

50

14

19

48

£9

58

10

RA DEC
23 13
23 12
22 13
22 13
22 12
21 13
21 12
22 12
26 13
24 13
23 13
23 13
23 13

AZ ELV

167

156

=117

-89

=107

107

=137

-117

-8l

T4

65

60

45

46

65

62

62

36

18

STATION TERMINATION DATA

X
LY

23

-45

-43

-66

-85

246

22

=25

-54

=72

Y

=15

10

=11

13

=78

11

-19

=12

-5

RANGE

205150

205329

205473

206014

205989

206889

206838

207791

205464

205567

205559

206569

207532

6L-T



VERICLE 1

TRACKING TIME

BDA=02
X=Y Use-30

GuM-24
X=Y USB-30

HSK=25
X=-Y USf-g~r

GuM=-24
X-Y USB-30

HAw=12
¥=Y Use-30

eDs-28
¥-Y USB-gc%
cYH—16
WY USB-30
“IL-T1
XY USE-30
’9‘-02_ .
SHY USE=30
ANG=21
ey USe=%0

BOA=-02

X=Y Us8-30
HSk-25

XY yse-os
Swes23

X-Y USB-30

RACAR TAPBLE

59

HRS MIN SEC
1 11 26
0 3C 40
0 11 41
0 11 39
0 11 28
0" 11 20
0 11 19
0 11 13
0o 11 12
b T
0 2% 45

56 ap

8

DAY HRS MIN SEC

¢ 13
5 13
& 1¢
5 1€
6 1F
6 17
5 1%
6 1F
6 1f
s 1F
LoPC2
5 15
e 1F
5 1f

“ 40
46 18
2 12
2 14
2 25
2 33
2 34
2 40
2 4
2 &2
Tc Tsi
14 39
14 9
1. 9

KA DEC
22 12
24 13
26 14
25 13
26 13
23 13
23 13
23 13
23 13
23 13
23 12
24 14
25

13 °

AZ ELV
-98 35
7 5
53 12
31 23
126 75
-121 %4
-106 S2
-85 26
-2 12
-1 7
-81 10
"Bl 14
82 26

STATICN ACQUISITICN CATA

85

-€5

-]

12

=37

-64

-78

-83

-80

-63

.3

A\

12

23§

-9

=30

=10

11

RANGE

2064750
206651
207634
20727117
2053z%
205Ef4
205924
207140
2075Cé6

208212

207462
207211

206523

DAY

™

P

HRS MIN SEC

14
14

15

15

15

15

15

15

15

16

1%

15
15
13
13
13
13
13
13
13

10

14

S

38

53

53

£3

53

53

53

29

PA DEC
23 13
25 13
24 14
25 13
24 13
23 13
23 13
23 13
23 13
23 1
23 13
25 1s
25 18

AZ ELV

79

61

82

133

=118

=104

-38

51

83

22
12
14
26
77
52
S0
23

10

23

40

STATION TERMINATION DATA

X

-68

78

-63

64

20

-39

-67

-80

-85

-56

50

Y

2

11

58

-9

=33

12

12

45

RANGE

207303
207841
207226
200539
204718
205351
205439
206702
207472

207926

207056
207364

206515

pe-1.



VEHICLE 1 RADAR TABLE

TRACKING TIME

HRS MIN SEC

HAW=12 1 o =«
X-Y USB-30

cYM-14 1 ¢ 18
XY USB-30

GLs=28 1 o 20
X-Y USE-8¢

MIL=T1 1 o0 22
X=Y USR-30

CRO-08 1 11 26
X-Y USR-30

HSK-25 1 11 23
X-Y USB-g8t

PARKS 1 11 2e

AUSTRALIA

GWM=26 1 11 23
X=Y USE-30

HAW-12 1 11 27
X-Y USB-20

6Cs-2¢e 1 11 26
X-Y USB-£5

GYM-14 1 11 23
X-Y UuUse=-30

CRO-06 1 11 48
X=Y USR-30

PARKS 1 11 45

AUSTER AL T4

DAY

G

(3

HRS MIN SEC
1t 16 9
15 14 9
18 16 @
18 1a& L]
17 0 36
17 0 42
17 o0 43
17 0 47
17 1 2
17 1 11
17 1 13
18 SR 43
16 A 40

kA DEC
24 13
23 13
23 13
23 13
26 14
25 14
25 14
25 14
2% 14
26 13
26 13
26 15
26 13

Az

134

-1C3

=118

-87

&9

40

42

=115

-5

N-1-

ELV
77

50

52

23

RT!

ED

51

12

27

33

42

STATION ACQUISITICN CATA

X

9

-4Q

20

-7

79

48

a8

-17

10

-63

50

10

Y

-9

=33

21

34

39

32

47

RANCE

2047C*s

205428

20524C

206652

208148

207Ce3

206582

206Ces

205514

206544

207202

207CE3

20€6673

DAY HRS MIN

s

16

15

16

16

18

13

18

18

18

18

186

20

20

14

14

14

14

12

12

12

12

12

12

12

10

SEC
18

26

25

31

11

29

38

37

32

37

RA

25

24

24

24

26

26

26

26

25

25

27

27

DEC

14

13

13

13

15

15

15

14

14

14

14

15

15

AZ ELV

=151

=94

=104

59

22

24

8s

-91

34

=13

80

37

41

11

24

37

39

68

57

18

12

43

41

STATION TERMINATION DATA

X

-5

=52

16

=79

62

-51

27

22

=33

-12

~78

31

=15

Y

-8
-3

=67

28
18

“5

-4

=71

37

8

KANGE

205364

206656

206473

208093

207446

205805

206705

205691

206013

207802

203153

206675

205783

I8-1



VEHICLE 1

TRACKING TIME

HSK=2¢%
X=Y USB-85

GhM=24
X=-Y USB=-30

Haw=12
X=Y USB-30

GOs-2¢2
X=Y USB-8c

CRO=-08
X=Y USB-230

HSK=25
X=Y yse-85

PARKS
AUSTRALTA

=24
X-Y USE-30

HAN=12
X=-¥Y US8-30

CRO-08
X=¥ USB-30

Gun—24
X=Y USB-30

H3g-25
X=-¥ USB-85

Ye,o Bl D

RACAF TABLE

HRS M“IN SEC
1 11 47
111 s
1 11 48
0 1° 56
1 11 25
11 2k
1 1 30
1 11 2e
1 T o
1 11 as
1 11 48
1 e 85
0 &2 30

DAY

>

STATION ACQUISITICN CATA

HFS MIN SEC

1F

1€

le

156

20

20

20

20

20

22

22

22

23

38

Se

-]

£7

Sl

7

24

&0

g2

12°

12

1o

20

24

37

20

32

31

kA

26
26

25

27
25
25

26

27
27
27

29

DEC

13

14

=]
AR

15

14

1¢

15

18

15

A7 ELV

a 9

& 8o
-33 48
=20 9

10 48
-21 25
-21 37
-84 72
-82 19
=22 47
-2 44
-53 17
15 .S

10

-bb

1¢&

-52

=31

-7

-2C

-46

-£0

-22

49

39

-49

T4

205%¢e7

2064€1

208290

20£¢%z4

2071C*

206580

205812

207521

2067120

206837

208C1cC

207€99

Cay

ES

STATION TERMINATION DATA

HRS MIN SEC
20 10 37
20 10 41
20 10 €3
13 19 8
22 8 37
22 7 o4
21 <8 S0
22 8 82

22 4 37

o 7 9
o T 20
o 7 11
o 7T 1

RA

27

27

25

28

27

27

27

28

28

28

30

DEC

15

15

14

14

lé

16

15

15

15

16

15

16

15

AZ ELV

-13

-77

=36

-7

-6

81

38

83

30

n

49

26

30

55

38

28

13

X

=51

-6

-60

-609

-49

=34

-41

-62

=35

Y

-10

41

=38

&0

14

36

-63

-5

KANGE

205304

205631

207312

207656

206560

207635

205911

206351

208646

207219

207741

208899

208563

281



VEHICLE 1

THACK ING TIME

Cy1-04
X=Y USB-20

MAD-23
X=-Y Use-8s

CRrRO-08
X=Y USe=30

GHM-24 .
X=Y USB-30
ACN-75
X-¥ USB-30

ACN~-75
X=Y US8=30

CYI-04
X=Y USB-30

MAD~23
X-Y USB-8%

CRC=-08
A=Y USE-30

B0A=02
X=Y USB-130

ANG~91
X=Y USB-30

ANG=°1
X=Y US8-30

RDA=-02
X=Y USE-30

RACAP TABLE

HRS MIN SEC
111 25
1 11 22
111 2¢
0 51 7
1 2 44
1 11 e
1 11 &7
1 11 47
[¢] © 42
a 20 -
0 12 48
1 11 25
1 11 2°¢

DAY HRS MIN SEC

7

-4

0

£3

£3

=3

Sa4

51

51

51

52

43

€0

50

0

37

43

52

RA DEC
30 15
29 15
28 1¢
28 15
30 16
31 16
30 15
30 1%
29 1+
31 1lo
32 13
32 15
32 15

L7 FLV
8 1
ag 22

-52 30

-78 1%
13 s
46 30
Q0 35

1o 43

-58 7
74 S
15 s
78 19
R3 12

STATION ACQUISITICN CATA

X

79

-4

-54

-73

85

58

54

19

71

71

Y
11

68

32

12

17

20

43

22

RANCE

208737

208100

207¢£38

208381

208€20

207€e28

207507

207168

209ce?

2082<2

200627

208%5€F2

20REES

7

2

5

()

- DAY HRS MIN SEC

1

18

12

52

19

24

28

44

24

21

27

RA DEC
31 16
30 15
29 16
29 16
31 16
3l 17
31 16
31 16
29 16
32 16
32 156
33 17
33 16

AZ ELV

STATION TERMINATION DATA

X

85 26 64

99

=62

70

57

99

127

77

5

81

91

35

17

19

44

51

55

35

33

13

=71

-85
L

70

41

38

22

81

82

55

Y RANGE

4 207969
54 207500
26 208472
15 208147
19 208336
23 207208
-6 206939
27 206798
21 203706
1? 209073
14 209137

T 207786

-1 207868

€8-T-



VEHICLE 1

TRACKING TIME

“X=Y USB~-30

RACAP TABLE

HRS MIN SEC
ACN-T5 1 11 2¢
X=Y USB-30
CYI-04 1 11 27
X=Y USB-30
MAD-23 1 11 29
X-Y USB-85
MIL=T1 1 8 46
X=Y USB-30
ANG-91 9 = 13
%-Y USB-30
NIL-T1 10 36 138
X=Y USE-30
8CA-02 9 3¢ 9
X=Y USB~30
ACN-TS 5 25 40
X-Y' USB-30
CYI-04 s 12 29
X=Y USB-30
MAD-23 5 43 S0
X~Y USB-B8<
sY+16 12 15 52
XY USB-30
T ges-28 12 35 11
X-Y USB-85
. Haw-12 12 2 10

DAY HRS MIN SEC

2

TEI

4

T9

.

10

50

<0

El

17

37

37

€S

10

1

7

12

13

15

17

35

10

11

RA

31

31

31

32

32

32

32

32

32

32

32

32

DEC

17

1é

16

16

17

14

16

17

17

16

16

16

16

Az

L7

1ce

145

5

m
w

26

17

-1%8

T4

T4

15

STATION ACQUISITION CATA

ELV X
34 28
62 27
62 26

5 es
44 46
21 63
41 49
e ¢
79 2
64 24

S 85

5 -72

5

8s

Y

24

16

1f

1¢

1%

FANCE

20KES6

20¢€€48

206¢€42

2092134

207622

208721

208cC25

20713

.206630

2071S5
209421
208526

203187

STATION TERMINATION DATA

DAY HKS MIN SEC

7

6

15

17

16

12

12

12

19

19

22 .

1

4«2

n

12

49

21

11

&5

20

32

39

44

28

20

43

18

52

44

27

20

22

PA DEC
32 17
32 17
32 15
33 16
31 16
31 16
31 16
3l 16
31 16
31 16
31 16
31 !5
31 16

AZ ELV
21 63
135 75
-178  6€
81 19
-15 5
-15 5
-15 5
-13 5
-15 s
-74 S
-15 s
-15 S
=15 5

X

10

11

24

71

Y

25

=11

15

15

15

17

15

-73

15

-74

15

RANGE

206702
206457
206637

208623

193791
191169
192916
200146
198800
199628
187606
18659.

1681890

ve-T.



VEHICLE 1 RACAR TABLE

TRACKING TIME

HRS MIN SEC
GWM=24 11 &2 5
X=Y USR=-30 -

HSK=25 9 23 38
X=Y USB-85

CRO-05. 10 5 29
X=-Y USBe-30

PARKS & 37 29
AUSTRALIA

MAD=23 12 47 138
X=-Y USB-8°c

CY1-<04 12 14 51
X=Y USe-30

ACN-T5 10 56 49
X=-Y US8-30

BLA-02 12 25 3¢
X=Y USB-30

ANG=91 11 €0 46
X=Y USe-30

FIL-T1 12 1€ 17
X=Y US8=~130

GYM=-14 12 14 52
X=-Y USe-=30

GDS~-2¢8 12 32 32
X=-Y USB-8F¢

HAW=12 12 1 47

X=Y USB-30

DAY HR2S MIN

7T 1 11
T 15 &4
7 17 &4
7 17 30
7 23 a7
8 0 40
& 1 1t
8 3 £2
8 3 £a
3 = 1
e 7 3
E 7 12
8 10 28

SEC

47

26

60

31

21

21

37

24

RA DEC
313 18
23 17
33 17
33 17
34 1%
34 15
3% 16
34 15
34 1°5
3¢ 1=
g =
35 )¢
15 1=

AZ ELV
7% s
-4 S
PO
@ 30
T4 I 5
5 5
73 s
s
75 s
53
%5
RE I
e &

STATION ACQUISITICN CATA

es

48

85

34

Y
15

(3]

21

42

74

15

17

15

15

14

T4

14

RANGE

196421
19403
1913280
18€199
179201
177514
176285
171301
171102
1485609
164370
154322

157¢&c]

DAY HES MIN SEC

8

)

22

12

12

12

16

17

19

19

22

£3

28

10

10

17

49

18

18

51

53

48

6C

20

s1

30

56

RA

32

32

32

32

34

33

33

34

34

36

35

a5

DEC
16

17

16

17

15

15

16

15

15

15

14

14

14

AZ ELV
=75 5
=56 e
-69 5
=40 30
=75 L
-76 s
-73 S
=76 S
=76 5
=76 H
-7T6 S
=76 5

-76

STATICN TERMINATION DATA

X

-85

-78

Y RANGE
15 175157

-65 177892
20 172669
42 180851

~T4 153642

14 152322

17 153972

14 144588

14 145706

14 142216
14 137353

135676

le 125291

a8-1



VEHICLE 1

TRACKING TIME

GHM=24
X=Y USB=30

HSK=2%
X=Y USB=3*®

CRO-08
X=Y USB-30

PARKS
AUSTRALIA

MAD-22
X=Y USB-8F

CYI1-04
X=Y USB-30

ACN=7%
X=Y USB-30

B8CA-02
X=Y USB-30

ANG=91
X=Y UsSe-30

MiL=-71
X-Y uUSe-30

GYM=14
X=Y USB=-30

GDS-272
X-Y USB-85

HAW=12

RACAR

11

10

12

12

11

12

11

12

12

12

12

X=Y USH~30

43

30

11

17

18

33

TABLE

HES MIN SEC

21

3e

23

51

34

28

DAY

a

HES MIN
14 22
1 12
17 1S
17 37
23 s«

0 =8
1 71
4 14
¢ 18
5 24
7 28
4 4L
10 57

SEC

34

48

4l

52

56

3¢

35

53

5

20

44

PA DEC
36 15
36 16
37 1%
36 1%
38 1¢
39 14
39 1%
40 14
40 1l
40 1&
61 1<
41 12
43 12

Az ELV
TE 5
£8 5
70 S
41 20
75 5
7 5
O
77 3
17 5
"7 s
17 b
17 S
8 s

STATICN ACQUISITION CATA

8c

BS

es

et

8S

Y KAMNCE

14 149C3C

&6 1467104

20 1421225

41 140C14

75 125¢78

12 122465

16 121205

12 113%¢2

12 113254

13 11012°

12 1038¢5

76 102¢<¢€8

12 92433

CAY HRS MIN SEC

Q

2

22

12

13

12

16

16

17

19

20

23

5

42

2¢

23

w
»

13

42

47

19

13

£5

€S

16

37

40

&t

36

34

28

11

RA DEC
36 14
% 16
37 15
36 16
40 12
40 13
40 14
42 12
42 13
43 12
45 11
46 10
49 9

AZ ELV
=-T6 5
-6k6 5
=70 5
-41 30
-78 H
=78 5
-15 5
=79 S
-78 5
-79 5
-80 &
-8l =
-82 5

STATION TERMINATION DATA

-85

Y

14

=66

20

41

=77

12

15

11

12

11

10

-60

RANGE

119632

123413

115867

128144

86767

84770

87164

71787

73499

67513

58481

55040

41450

98-1



VEHICLE 1

TRACKING TIME

GhM=24
X-Y USB=30

HSK=25
X=Y Usg-8s

CRO-08
X=Y USBe-30

PARKS
AUSTRALIA

CRO-0P
AZ=EL FP(CA

HSK=25
X=Y UsSB-85

RACAR TABLE

26

HRS MIN SEC
13 19 35
10 45 13
10 2% 57

5 22 11
2 30 3%

5¢

DAY

10

10

STATION ACQUISITION DATA

HRS MIN SEC
14 58 11
15 44 36
17 £ 35
18 12 4

1 48 56
3 s N

RA

46

46

48

“8

60

82

DEC

13

15

la

13

11

AZ ELV X
78 5 8c
67 5 =77
72 5 8-
43 10 50

-42 42 -3¢

-2 5 =74

12

&7

18

34

-T2

RANGE

78253

752¢3

3€€15

54046

2340¢C

55846

LAY HRS MIN SEC

10

10

10

10

4

23

18

29

20

20

23

STATION TERMINATION DATA

RA DEC

AZ ELV

46 111 ~63 <160

49 81
32 -151
14 52
32 -151
27 ~1£7

12

7

14

45

-

80

-45

80

20

5

30

X Y
=75 =70
=75 =10

85 10
-51 38
85 10
-85 20

RANGE

2231

20384

1821

38102

1821

1131

L8-T



TABLE 1.1-V.- MISSION RADAR TIMELINE - Concluded

(8) IM acquisition and termination - 5° minimum elevation
Signal acquisition Signel loss, Coverage duration, Maximum Minimum Acquisition
g.e.t., g.e.t., g.e.t., elevation, range, range,
day:hr:min:sec day :hr:min:sec hr:min:sec deg n. mi. n. mi.
Insertion 5:22:11:47.7
RDR 23 CRO-08 X-Y USB-30 5:22:11:47.7 5:22:30:58.0 0:19:10.3 51.8 203 625.16 203 625.18
RDR 29 HSK-25 X-Y USB-85 5:22:11:47.7 5:22:31:04.0 0:19:16.2 23.2 204 $60.25 20k 960.25
RDR 31 Parks Australis 5:22:11:47.7 5:22:31:04.7 0:19:17.0 25.0 204 862.58 20l 862.58
RDR 24 GWM~24 X-Y USB-30 5:22:11:47.7 5:22:31:12.8 0:19:25.1 k3.1 203 977.61 203 977.61
€SI 5:23:01:25.3
RDR 28 MAD-23 X-Y USB-85 5:23:19:30.6 6:00:28:22.4 1:08:51.8 21.6 205 295.13 206 91k4.69
RDR 23 CRO-08 X-Y USB-30 5:23:19:41.1 6:00:28:32.9 1:08:51.8 |- R 204 162.40 205 120.79
RDR 29 HSK-25 X-Y USB-85 5:23:19:46.4 5:23:51:05.9 0:31:19.5 10.9 205 912.78 206 TT7.31
RDR 31 Parks Australie 5:23:19:48.2 5:23:57:36.3 0:37:18.2 12.3 205 840.12 206 693.58
RDR 24 GWM-24 X-Y USB-30 5:23:19:58.1 6:00:28:43.3 1:08:45.2 26.6 205 073.81 205 685.01
Plane change 5:23:30:29.1
RDR 21 CYI-Ob X-Y USB-30 5:23:54:35.6 6:00:28:19.4 0:33:43.8 12.2 205 895.79 205 909.07
CDH 5:23:59:49.9
RDR 22 ACN-T5 X-Y USB-30 6:00:14:1.7 6:00:28:10.0 0:14:08.3 08.3 206 1450.29 206 1450.29
TPI 6:00:38:56.1
MC-1 6:00:53:56.1
MC-2 6:01:08:56.1
Coast to first braking gate 6:01:14:38.5
RDR 22 ACK-T5 X-Y USB-30 6:01:14:38.5 6:01:26:23.0 0:11:44.5 22.4 205 718.8 206 463.8
RDR 21 CYI-Oh X-Y USB-30 6:01:1h:hk.1 6:01:26:23.0 0:11:38.9 25.1 205 577.2 206 302.6
‘RDR 28 MAD-23 X-Y USB-85 6:01:1L:k7.5 6:01:26:23.0 0:11:35.5 32.5 205 189.5 205 880.9
FOR 23 CRO-08 X-Y USB-30 6:01:15:0.7 6:01:26:23.0 0:11:22.3 20.5 205 960.1 206 ho2.h
First braking gate 6:01:17:Lk.5
Second braking gate 6:01:20:15.0
Third braking gate 6:01:21:28.3
Fourth braking gate 6:01:23:06.7
Fifth braking gate 6:01:24:26.3
Docking 6:01:40:00.0

88-T



TABLE 1.1-VI,~ MISSION SHADOW TIMELINE
(a) CSM
LIGHTING CONDITION FOR VEH |

EPOIl To TLI!

VEW IN SUNLIGHT AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS DaAYS HRS MINS SECS
VEH ENTERING EARTH PENUMBRA 0 o 3 30.9
o 0 +} 11e9
VEH ENTERING EARTH UMBRA 0 0 3} 42.7
o 0 33 5143
VEW ENTERING EARTH PENUMRRA 0 1 5 34,0
0 0 (] 1246
VEWH ENTERING SUNLIGHT o 1 5 46,4
0 0 53 5641
VEH ENTERING EARTH PENUMBRA o] 1 59 42,8
o o o 11e5
VEW ENTERING EARTH UMBRA o 1 59 54,3
o 0 33 4947
VEH ENTERING EARTH PENUMBRa 0 2 33 43.9
0 0 o 1208
VEH ENTERING SUNLIGHT 0 2 33 56,5

TL1 CUTUFF TO NFR MANEUVER

VEH IN SUNLIGHT AT PHASE INITIATION

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

68-1



LIGHTING CONDiTION FOR VEW |

TRANSLUNAR COAST TO LOII
VEH IN SUNLIGHT AT PHASE INITIATION
TIME SPENT [N REGION
DAYS HRS MINS SECS DaYS HRS MINS SECS
VEW ENTERING LUNAR PENyMaRa 3 10 47 47.0
0 o] 1 19.9
VEM ENTERING LUNAR UMBRA 3 1o 49 4.9
0 o 31 37.2
VEH ENTERING LUNAR PENUMBRA 3 11 20 44,2
0 0 ] 41.0
VEW ENTERING SUNLIGHT 3 11 21 2542
COAST IN 6D X 170 TO LoOl2
VEW IN SUNLIGHY AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS
VEH ENTERING LUNAR PENyYMBRA 3 12 47 46,7
o 0 0 1249
VEWM ENTERING LUNAR UMBRA 3 12 47 59,6
0 0 4y 59.5
VEW ENTERING LUNAR PENUMBRA 3 13 32 5941
0 0 0 12.)
VEW ENTERING SUNLIGHT 3 13 33 1162
0 1 83 7.1
VEW ENTERING LUNAR PENUMBRA 3 [IC.-T 1844
o 0 0 1249
VEH ENTERING LUNAR UMBRA 3 Is S 31.2
0 0 4s o8
VEH ENTERING LUNAR PENUMBRA 3 15 43 3l,e8
0 0 ] 1740
3 15 4y 48,9

VER ENTERING SUNLIGHT

06-T



VEW

VEH

VEH

VEw

VEm

VER

VEH

VEM

VEH

VEH

ENTER]NG

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

SUNLIGHTY

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHTY

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENYMBRA

SUNLIGHT

LUNAR PENyUMBR)

LIGHTING CONDITION FOR VEH 1

DAYS HRS
4 3
4 3
4 4
“ 4
4 5
q 5
4 6
4 6
4 7
4 7
4 8

MINS SECS
33 27,0
33 37,9
46 192
4e 30,5
32 be6
32 17,3
Uy 53,5
us 4,43
30 4le2
30 52,5
43 32,9

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

0

45

12

45

12

45

3346

1649

4143

1143

36,1

10.7

36.2

10.8

6.9

113

4044

€6~T



LIGHTING CONDITION FOR

DAYS MRS MINS SECS

VEW ENTERING LUNAR UMBRA M 8 43 43,7
VEW ENTERING LUNAR PENyUMBRA 4 ? 29 20,9
VEH ENTERING SUNLIGMT 4 9 29 35,0
VEH ENTERING LUNAR PENUMBRA y 10 42 6,0
VEH ENTERING LUNAR UMBRA 4 10 42 1742
VEH ENTERING LUNAR PENUMBRA ] 11 27 55,5

VEH ENTERING SUNLIGHKT 4 11 28 645

VEH I

TIME SPENT IN REGION
DAYS HWRS MINS SECS

0

.0

0

45

12

45

10.8

37.2

1490

311l

11e2

38,3

11.0



LPo

VEH

VEH

VEw

VEH

VEH

VEH

VEH

VEH

VEH

VEW

VEM

LIGHTING CONDITION FOR VEH 1

COAST 70 LoOPC!

IN SUNLIGHY AT PHASE INITIATION

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

ENTERING LUNAR PENUMBRA 4 12 4o 40,43
0 ] 0 11.0

ENTERING LUNAR UMBRA L} 12 4n 5la4
o] 0 45 38.0

ENTERING LUNAR PENUMgRa L] 13 26 25.4
’ 0 0 o 111

ENTERING SUNLIGHMT 4 13 26 40,5
o 112 35,9

ENTERING LUNAR PENyUMBRA 4 14 39 1644
0 0 0 10,3

ENTERING LUNAR UMBRA ] 14 39 26,7
0 0 45 3644

ENTERING LUNAR PENUMBRA 4 15 25 3,0
0 0 0 tled

ENTERING SUNLIGHT 4 15 25 142
0 1 12 40,0

ENTERING LUNAR PENUMBRA 4 16 37 54,2
0 0 o 113

ENTERING LUNAR UMBRA 4 16 28 5.6
0 0 45 37,0

ENTERING LUNAR PENUMBR2 4 17 23 4244

S6-T



VEH

VEH

VENW

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNL IGHY

LUNAR PENyMBRA

LUNAR UMBRA

LUNAR PENuUMBRA

SUNLIGHT

LIGHTING CONDITION FoR

DAYS WRS MINS SECS

4 17
4 18
“ 10
“ 19
L 19

23

38

38

22

22

57.7

28,3

J’oz

I7IB

29,1

VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

0

45

1501

30.6

10.9

38.7

113

96~1



LIGHTING CONDITION FOR VEH |

LOPC] ¥0 LM JETTISON

VEW IN SUNLIGHT AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS DaYS HRS MINS SECS
VEH ENTERING LUNAR PENUMBRa 4 20 35 17.1
o 0 o 8.8
VEN ENTERING LUNAR UMBRA 4 20 35 26,0
] 0 45 4649
VEH ENTERING LUNAR PENUMBRA M 2] 21 12;9
0 0 o 113
VEH ENTERING SUNLIGHTY 4 21 2 24,2
0 1 12 35.0
VEW ENTERING LUNAR PENUMBRA 4 22 33 59,2
0 c o0 11e2
VEH ENTERING LUNAR UMBRA 4 22 34 10,4
0 D &5 42.0
VEn ENTERING LUNAR PENUMBRA ] 23 19 52.4
0 0o o 9.7
VEM ENTERING SUNLIGHT § 2) 20 2,1
0 1 12 30.3
VEH ENTERING LUNAR PENyMgRA 5 0 32 32,4
0 o o0 11.0
VEH ENTERING LUNAR UMBRA 3 0 32 43,4
] 0 45  44.4

VEN ENTERING LUNAR PENUMBRA - 1 18 27.8

L6~T



VEH

VEH

VEN

VEH

VEH

VENW

VEH

VEH

VEW

VEH

VENW

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHY

LUNAR PENUMBRaA

LUNAR UMBRA

LUNAR PENyMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENyMgRa

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITION FOR vgH 1}

DaYS HRS MINS SECS

5 1 18
S 2 M
S 2 M
-] 3 17
5 3 17
S a 29
1) 4 29
S 5 15
S 5 15
5 5 28

38.9

19.3

46,3

57.6

46,5

55.4

2015

3.4

IN REGION

1145

42.2

112

25.1

TIME SPENT

DAYS HRS MINS SECS
0 0 o
0 1 12
0 6 o
0 o ss
0 0o o
[} 112
0 0 0o
0 D 45
b 6 o
] ; 12
0 o 0

10.8

kY

86-T



VEH

VEW

VEH

VEH

VEM

VEH

£

VEM

VEH

VEW,

VEH

VEH

ENTERING

‘ENTERING

ENTERING

NS

ENTERING

ENTERING

S ia

ENTERING

Tallte

ENTERING

-

ENTERING
ENTERING
ENTERING

ENTERING

LUNAR PENUMaRA

SUNLIGHT

T

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHY

LUNAR PENUMBRA

Tt

LUNAR UMBRA

LUNAR PENUMBRA

"SUNLIGHTY

LUNAR PENUMBRA

LIGHTING CONDITION FOR VEH |

DAYS HWRS
5 7
1) 7
L) 8
2
S 8
S L/
5 L
S 10
5 10
-] 11
S 11
1] 12

MINS SECS
14 16,5
14 27.8
5 A
27 2,0
12 51.0
13 1.7
25 33.6
25 44,9
11 30.7
11 4106
24 5.2

TIME SPENT IN REGION
DAYS HRS MINS SELS

0

0

45

12

45

12

45

12

4562

113

32,3

49,0

107

3.0

1143

4508

10.9

3.6

661



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEW

VFH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR UMBRA

LUNAR PENyUMBR:

SUNLIGHT

LUNAR PENUMABRA

LUNAR UMBRA

LUNAR PENyUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LIGHTING CONDITION FOR VEN |

DaAYS HWRS
s 12
s 13
S 13
S 14
5 14
S 1S
s 15
s 16
s 16

MINS SECS
24 142
1o Sel
10 16,4
22 48,1
22 59,3

] 43.0
8 56,5
21 21,4
21 32,5
? 20,0
7 3i.1

TIME SPENT

o 0
0 o]
o 0
v} 1
0 0
0 o]
0 0
0 1
o 0
0 o]
0 o

IN REGION
DaYS HRS MINS SECS

0

45

45

45

9.0

50.9

114

31.7

1102

4347

1345

2%4.9

1iel

47.5

11a1

001-1



LIGHTING CONDITION FQOR VEH |

TIME SPENT IN REGION

DaYS HRS MINS SECS DaYS HRS MINS SECS
[¢] | 12 27,1

VEW ENTERING LUNAR PENUMgRA [3 18 19 58,2
0 0 0 9.3

VEW ENTERING LUNAR UMBRA s 18 20 7.5
0 0 4s ube2

VEW ENTERING LUNAR PENUMBR 5 19 5 53.7
' 0 0 0 1l.3

‘ VEM ENTERING SUNLIGHT 5 19 Iy 5.0
| ? 0 1 12 3046

VEr ENTERING LUNAR PENUMBRS2 5 20 18 35,6
o 0 ] 11e4

VEr ENTERING LUNAR UMBRA 3 20 1s 47,0
o 0 &S 50,5

VEn ENTERING LUNAR PENUMBR& 5 21 “ 3745
] 0 0 8.9

VEH ENTERING SUNLIGHT 5 21 4 46,4
o 112 23.4

VEW ENTERING LUNAR PENpMBR2 S 22 17 9.7
o 0 0 109

VEW EMTERING LUNAR UMBRA 5 22 17 207
0 0 45 4843

VEHW ENTERING LUNAR PENUMBRA 5 23 3 9.0

P

10T-T



VEH

VEH

VEH

VER

VEH

VEW

VEW

VER

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHT

LUNAR PENUMBRS2

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUM3RA

SUNLIGHT

LIGHTING CONDITION FOR VEH 1

TIME SPENT IN REGION
DaYS MRS MINS SECS DAYS MRS MINS SECS

2] 0 0 113

5 23 3 20,3

0 1 12 29.0

6 0 15 49,2
0 0 0 3.4

6 o 1s 52.7
0 0 45 80.5

4 1 1 43,1
_ ] Q D 10,9

6 1 1 5441
o 1 12 29.1

6 2 14 23,2
] ] ] 11.4

6 2 14 34,5
0 o0 45 4Ba.b

6 3 0 23,1
s 0 0 10.8

20T-1



LPO

VEHm

VEH

VEH

VEHW

VEMH

VEH

YEM

VEM

VEH

VEmw

VEH

VENW

COAST 7O

IN SUNLIGHT

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LoPC2

LUNAR PENyUMaRa

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRS

SUNLIGHT

LUNAR PENuUMBRA

LUNAR UMBRA

LUNAR PENUMgRA

LIGHTING CONDITION FOR VEH |

AT PHASE

INITIATION

DAYS MRS MINS SECS

y

12

s8

59

57

57 -

S5

56.'

555

25.4

36,4

27,2

3503

52,8

5645

TIME SPENT IN REGION
DaYS HRS MINS SECS

Q 0 45
0 0 0
0 1 12
[¢] 0 ]
0 0 45
0 o] 0
0 1 12
0 1] 1]
0 0 45

1143

48,

10.8

19.0

1lel

5047

11,2

14,9

143

49,4

€0T-1



VEH

VEH

VEW

VEH

VEH

VEH

VEH

VEH

VEW

VEHW

VEMW

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHT

LUNAR PENyUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENyMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LyNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMGRE

SUNL IGHT

LIGHTING CONDITION FoOR

DaYS HRS MINS SECS

6 ]
[ 10
é 10
4 10
[ 10
] 12
é 12
6 12
& 12
.6 14
- b 14
[ 14

56

S5¢

54

53

53

51

51

30,6

42,0

32,3

48,5

56,8

1245

3646

H]oﬂ

37,5

SZOD

VEH |

TIME SPENT IN REGION
DaYS HRS mINS SECS

0

0

0

45

12

45

12

45

1le2

22.9

114

§0.3

1642

©1547

80.5

1le4

__22-2

11e2

49.7

1445

$01-T.



LOPC2 TO TEI

VEH IN SUNLIGHT

VEH

VEH
VEQ
VEH
VEH
VEHR
VEW
VEH
VEH
VEH

VEHW

ENTERING

ENTERING

ENTERING,

ENTE@!NG

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

.SUNLIGHT

.LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENyUMBRA

LUNAR UMBRA

LUNAR PENyYUMBRA

LIGHTING CONDITION FOR vghH 1|

AT PHASE INITIATION

DAYS HRS MINS SECS

[

16

16

16

16

18

18

20

20

20

4

50

so

48

49

47

12.7

23.7

22,8

33.7

43,8

56,45

52.7

30,8

32,7

TIME SPENT IN REGION
DAYS WHRS MINS SECS

] [: I
o D s,
0 0o o
0 1 12
0 0o o
0 o 45
0 0o o
0 1 12
0 0 o0
D 0 44

1141

59,0

I1eD .

100}

127

S56.¢2

11e3

15¢4

11e4

SOT-T



VEHW

VEW

VEN

VEwW

VENW

VEH

VEM

VEM

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHT

LUNAR PENyMBR)

LUNAR UMBRA

LUNAR PENyYMBRA

SUNLIGHY

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRa

SUNLIGHT

LUNAR PENYMBRA

LUNAR UMBRA

LIGHTING CONDITION FOR VEH 1

DAYS HRS MINS SECS

é 20
é 21
6 22
& 22
] 22
6 23
6 23
7 0
7 0
7 1

47

59

46

46

58

4y

4y

Sé

57

41,5

50,5

12,0

26.5

37.4

314

42,1

56.2

TIME SPENT IN REGION
DaAYS HRS MINS SECS

0

0

12

45

12

45

695

113

144

11,0

83,9

10.8

14,1

10e2

90T-T



VEMH

VENW

VEM

VENW

VEW

VEH

VEHW

VEM

TEL

VENW

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER]ING

ENTLRING

ENTERING

TO0 Ef

IN LUNAR

ENTERING

ENTERING

LUNAR PENUMBRA 7 2 43
SUNLIGHT 7 2 43
LUNAR PENUMARA 7 3 8§
LUNAR UMBRA 7 3 55
LUNAR PENUMBRA bl 4 4
SUNLIGHT ? 4 4
LUNAR PENUMBRA 7 S S4
LUNAR UMBRA 7 5 S§u
UMBRA AT PHASE INITIATION

LUNAR PENUMBRA

SUNLIGHT

LIGHTING CONDITION FOR VENW |

DAYS HWHRS MINS SECS

18,7

28,5

37.3

49,7

197

DAYS HRS MINS SECS

7 6 32

7 6 32

82,4

57.6

TIME SPENT IN REGION
DAYS HWRS MINS SECS

0 0 4&
0 0 0
0 1 12
0 0D 4s
0 0 D
] 1 l2
0 0 0

o 4

109

114
137

1led

TIME SPENT IN REGION
DAYS HRS MINS SECS

L0T-T
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2.0 SYMBOLS AND NOMENCLATURE




AGS

AOS

APS

CDH

CDR

CM

CMC

CMP

CSI

C8M

c.g.

DOI

DPFS

DSKY
ECI

ET

2-3

2.0 SYMBOLS AND NOMENCLATURE

abort guidance system
acquisition of signal

ascent propulsion system
cross-product steering gain constant
constant delta height
commander

command module

command module computer
command module pilct
coelliptic sequence initiation
command and service modules
center of gravity

descent orbit insertion
descent propulsion system

display keyboard

earth centered inertial
entry interface

entry monitor system
earth parking orbit
fixed throttle point
ground elapsed time
apogee altitude

perigee altitude



IGA - inner gimbal angle

IMU inertisl measurement unit
IVT intravehicular transfer
Jerk time derivative of acceleration
L/D lift-to-drag ratio

LGC IM guidance computer

LLM Junar landing mission

LLS lunar landing site

M lunar module

LMP lunar module pilot

1OI lunar orbit insertion

10S loss of signal

LPO lunar parking orbit

LOX liquid oxygen

v launch vehicle

MC IM midcourse correction
MCC midcourse correction

MCI moon centered inertial

MGA middle gimbal angle

MNBY mean nearest Besselian year
'MSFC Marshall Space Flight Center
MSFN Manned Space Flight Network
0GA outer gimbal angle

OPS oxygen purge system

PC plane change



PDI
PGNCS
PTC
RDG
RCS

REFSMMAT

RT
SC
SPS
TBT
T&D
TD&E

TET

IG
TLI

Tf

TPF

TPI

AV

At

2=

powered descent initiation

primary guidance and navigation control subsystem
passive thermal control

position target for IM powered descent

reaction control system

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

rendezvous radar

target vector for Lambert guidance scheme
spacecraft

service propulsion system

time elapsed since TLI engine cutoff
transposition and docking

transposition and docking and extraction
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

change in velocity caused by thrusting

change in time



AV

AV

AV

I\

T

2-6

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

components of unit vector in inertial coordinate
system

compouents of unit vector in vehicle stable member system



3.0 PRIMARY GUIDELINES AND CONSTRAINTS
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3.0 PRIMARY GUIDELINES AND CONSTRAINTS

The design of the mission and the monthly and daily launch windows
were based on the guidelines and constraints listed below. Since the
generation of the operational trajectory, there have been some changes
in the profile and in mission guidelines. The guidelines are presented
below, and the changes are included in brackets.

a. The primary lunar landing site is site T, and either site 5
or site 6 will be used for recycle.

b. Only one backup launch month will be targeted.
c¢. Daylight launch is highly desirable.

d. The launch windows and profiles will be designed to achieve
favorable lunar lighting at the lunar landing sites. The sun elevation
range of 5° to 14° is highly desirable; a range of 18° to 20° is
acceptable.

e. A launch azimuth range of T72° to 108° will be targeted. Launch
may be delayed, if necessary, to provide 210-foot dish coverage of
lunar landing; in this case, the opening launch azimuth would be greater
than 72°. [To minimize MSFN and ARIA support requirements, the actual
operational launch azimuth range for planning will be limited to T2°

to 96°.1]

f. The mission will be designed for a Pacific translunar injection.

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

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

i. The S-IVB will perform an evasive maneuver prior to the blowdown.
The blowdown will be targeted to place the S-IVB on a slingshot trajectory.

j. A hybrid profile will be used where necessary to provide a
Pacific injection, optimum lunar lighting, 210-foot dish coverage of
lunar landing, or a preferred lunar groundtrack.

k. The hybrid transfer maneuver will be planned for TLI plus
ol hours. After the maneuver, the SC will be on a non-free-return
trajectory which will be restricted such that, in the case of an SPS
failure at LOI ignition, an earth return is within the DPS docked AV



3-4

capability. [Because of the crew work/rest cycle, the hybrid trensfer
maneuver time has been changed to TLI plué 28 hours rather than TLI plus
24 hours. This change is not reflected in the operational trajectory.]

1. An even integer number of days of flight time to the moon is
highly desireble because of the crew work/rest cycle. - [This guide line was
not satisfied.]

m. The LOI maneuver will be performed in two stages; the first
burn, LOI-1, will result in & 60- by 170-n. mi. elliptical orbit. The
targeting for LOI-2 will be biased to account for the perturbations
caused by the lunar potential. The biased targeting results in a
noncircular orbit after LOI-2, and the perturbations circularize this
orbit at the time of the planned CDH maneuver.

n. For missions launched in November, the spacecraft will pass
over the lunar landing site on the fourteenth revolution after LOI-1.
The time from LOI-1 to DOI will be approximately 26 hours. The current
profile for the December window includes 24 hours rather than 26 hours
from LOI-1 to DOI.

0. The lunar surface staytime will be approximately 32 hours.
The lunar orbit orientation will be restricted to permit an any-orbit
lift-off.

p. A CSM plane change will be made 2.75 revolutions after IM
landing to place the landing site in the orbitel plane at time of LM
lift-off.

q. After IM jettison, a plane change may be made to gain photo-
graphic coverage of selected prime sites for future landing missions.
The additional time spent in lunar orbit for photographic objectives
will be restricted by SPS performance, the maximum mission duration of
10.7 days, and by the capability to return from any revolution after a
cryogenics tank failure.

r. The lunar orbit will be designed within the SPS capability to
return to earth from any orbit including the cryogenic tank failure
situation.

s. The TEI maneuver will be targeted to return as soon as possible
to the prime recovery area within the available AV capability and without
exceeding a return inclination of 40°.

t. The earth relative entry range target will be 1285 n. mi.
[The range has recently been reduced to 1250 n. mi.]
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4,0 MISSION SUMMARY

In this section, a mission profile is summarized for a mission
launched November 14, 1969. The burn times, predictions of propellents
used, and most mission phase times that are presented are typical of the
lunar landing missions planned for the November and December launch
windows. 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 data received from the MSFC for the Apollo 11 mission. No attempt
was made to duplicate exactly the LV operational mission, and the infor-
mation for the LV phases will differ from information that will be
presented in the officlal MSFC trajectory document.



4,1 EARTH LAUNCH
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k.1 Earth Launch®

The launch time for this mission was determined to provide an
optimized injected payload to support two injection opportunities. The
launch is summarized as follows.

Date, month, day, year . . . . « . « . « . . . November 1L, 1969
Time, hr:min, c.s.t. * « ¢« M B WG EE WO 10:22
Azimuth, deg . v + +© v v v v v v e e e e e ~T2

Location (Cape Kennedy, complex 39A)
Geodetic latitude, deg:min:sec . . . . . . . 28°:36':30.32"
Longitude, deg:imin:sec . . « . . . « . . . . 279°:23': 45, 12"

The launch pad REFSMMAT is presented in table 5-I.

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

operational trajectory (ref. 1).
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4.2 FEarth Parking Orbit® (EPO)

The EPO insertion conditions are as follows.

Time, hr:min:sec, g.e.t. . e v e e e e e el s 00:11:53.2
Geodetic latitude, deg . . . . « « « + + « . . 32.7
Longitude, deg . + « v & 4 v v ¢« ¢ 4 o e 0w -52.5
Altitude, n. mi. . . . . . . 0 . .0 0w 0w s 103.4
Inclination, deg. « « v « « ¢ & ¢ & « o « o « W 32.6

The insertion ship positioned at 28°N latitude and L9°W longitude
tracks the vehicle for approximately 3 minutes after insertion for a
minimum elevation angle of 5°,.

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 2h35n1285. The EPO
groundtrack from insertion through translunar injection is shown in
figure k4.2-1,

#The parameters for this phase are approximate and are presented
for information only. The official source for this phase is the MSFC AV
operational trajectory (ref. 1).



o 14

"

A

' ] 's .‘;'&_k(r,' \ \ . |

. “‘

\

{5

U

A
i

Al

i
ik

N

. . - 1’ v »| . ! # ‘ v
.,‘. O { & 3 }& \ 6 4"8 r‘ ‘.-. Q? _\!_Q
{Revolution number k¢ T T AR
DA B WA ARN (KR |
(] JF=—{Transearth injection initiation}gy & &
i v . . “ ¥ . = WA R
o ; & Ty A @ 0
t 3 ."‘ Wi keﬂ_ ! . I
gg (& ; ¥ oA (}' f‘l YN
s i e, b2 HE Oy LA N A [l S
§ (% i X[ {0 .1( L&D < d i.l*
E 0 ! 54 f . g ¥ 18 ..’!‘
o i p : i . t.‘\ --;!'\ 1 'a,._ v & | ".
; ki . _ ok < I ¢ f, v ¢ 8 )
c ( J S SRl AT £ Whe % i
3 W= oy Vi, . i 7Ll Rl \ J
— 3 -v‘._-’ﬁ' ey f], 9 ‘%'&( 14 %
m - .

30

80

-

( ’ P t, i 3 ¢ (Y
Tona i Y B Ly
WS ) ' &\ ""T s
ssliheidon ) CRALNA (1
e U ¥ AT
SRR dURN R TSN 9850 2
AT { \ i
] ’ ‘ e ? ‘ ‘ .a‘} :. ﬁ .’ >"
QYA et
t ) & ", ' c ..
. "' by A - l' _‘l'bh' t‘
I : 1 ';' ; q.;‘?\ J( ALY ‘6 4 ",
| ok 3 5 Tod X b . »
) ] \i . (_‘. & ) 3 '

: Y “‘:‘i " ‘i /
= ‘ ; " . =
" ]

) ’ “’ i 1 ‘
o \ o iridl
. Al 4 ' o e
A \ A ! S h : ! 5‘1{ )
D = -4 . IHE

8
' _‘l _t
; AN Sy s ¥ 4 |
A AT Y '
3N Ly W,
[ 3 'ﬁ__- r ,:"I
» Lal¥ Nt
\% ¥ &Y ¥ :
) % » " A,
. N ,
Yy ) A @1 X




45

; G x A v
‘:; .Ai/ I S 1 | mARe 1M
¢ N c}"‘?",' ""J_Ut QO tchpnbers | 945
430N S (e A SR RS, IR i LI ATTR S 30'.? o |
" v il A ',g' ) 5 -
L, G ‘—>5¢' i . ul ¢ r o R
" | ¢ | & J\' ]
< [ g™
i o ¥,
\ s:m._,pn:..ino b Humgou‘ }!mcht/s
A h - . I fi n
! P Q,s. 3 . . 4 %
air ] i Yo 1
i . i P ’ ! ) P ]5N ;}. ]
i W iprdugys, - T " M 5 3 e 2
] § 3 L ‘*‘_i O e ;
3 ¢ i 1 'l.ﬂﬂ.ul\s( f C i "‘
@ ‘ e [Revolution number*
Y ' | -‘ F
Eminimt
_ a4’ i 32 B
&Y i — 2534
4 { y Fls g
Tt ol J
1
‘(Flams‘ve‘at‘l- _"\ T4 é’
0 r"| f .‘g’;'
d 1 o
" l;;é?‘ fafe’s
TEVELINFY & .--
i '_;".-,..s- "
! PR LS ol
b O R LS P IS (R NE R DI e 2130 T S I
‘ * " x“" ] '{'3{ A el b R RNl
L) . i, 3 : X bl
VA e G i T i T
N A e $’ ﬁ " P { mare Humorum|  CELT
S U Y SV 1Y 4 RS B o U
S e LR [Vtady B Res
3 "y * -_k:“ - ?p - | ‘a TP W 0y ‘ % -y ], "‘ brpeimoyer i
N \ ’ N i o WA o ey "’ j-'.' :‘. e }
o] "B X Ie i
U N w1l 1 B 3 gt I
\J '”‘*{ uc{ﬂ L “—'.-!-\;! v A YQE "‘&i
i) T wd "ﬁ L ". V1 ¢ * - R .“b
A ¥ LY L NN
l‘l.' 1 s
16 bl A ‘
4 N " h !}3 £




"

4.3 TRANSLUNAR INJECTION




4-15

4.3 Translunar Injection™ (TLI)

The TLI burn is initiated near the equator on the second revolution
in earth orbit, and the burn is totally in sunlight. Three ARIA support
the burn, and one additional aircraft is used for backup. The TLI ships
are not used for this mission; thus, except for ARIA, there is no
MSFN coverage during the preignition sequence or the majority of the
burn. Hawaii acquires Jjust prior to burn cutoff. The TLI burn geometry
is shown in figure 4.3-1.

The TLI burn places the spacecraft on a free-return trajectory with
a high perilune altitude (~1850 n, mi.). The evasive maneuver after
CSM/LM ejection is made with the S-IVB APS rather than with the SM SPS;
therefore the TLI burn cutoff is not biased to compensate for an SPS

evasive maneuver as it was for the Apollo 11 mission. The characteristics

of the TLI burn are as follows.

Burn initiation

Time, hr:min:sec, g.€.t. + «v ¢ ¢ « « & « « « . . . 2:h7:21.7
Geodetic latitude, deg . . . « « + « « + 4 4 4 . 2.3
Longitude, A8 « & v v v o ¢ v e w e e e e e e -176.6
Velocity, TPS « ¢ v ¢ o o o o o o o o o o o o 0 4 25 587
Apogee altitude above mean radius, n. mi. s & 107.8
Perigee altitude, n. mi. . .« + « v & « & &« & + & 98.6

Burn cutoff

Time, hr:min:sec, Z.€ete « v « v « o« o +« +« « « o« . 2:52:43,7
Geodetic latitude, deg . 15.6
Longitude, deg « + « ¢« ¢ ¢ o ¢« & o ¢ o o 4 4w . -155.2
Velocity, fPS v « v o v o o« o & o « & o o+ 4 x4 s 35 L76
Burn duration, S€C « + ¢ ¢« ¢« ¢ v 4 e e e s e s o4 s 322,
S-IVB propellant used, 1b .« + « « « « + « « « « » . 156 129,
Plane change, deg « + & o « ¢« o+ « « o o o & + 4+ « 2.7
Inclination to earth-moon plane, deg . . . . . . . 577
Apogee altitude above mean radius, n. mi. . . . . . 237 000
Perigee altitude above mean radius, n. mi. S B 109.7

aThe parameters for this phase are approximate and are presented
for information only. The official source for this phase is the MSFC AV
operational trajectory (ref. 1).




TL! burn initiation
Altitude = 98.4 n, mi.
Velocity = 15 590 fps
Longitude = 172 .,2°

Latitude = =-5.4° Position of moon

at lunar orbit insertion

TLI burnout
Altitude = 183 n, mi,
Velocity = 35 476 fps
Longitude = -155.,2°
Latitude = 15,6°

9T-1

Position of moon
at TLI cutoff

Position of sun
at TLI cutoff

Figure 4.3-1.- TLI geometry.
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4.4 Free-return Circumlunar Trajectory

The free-return trajectory of the hybrid profile, shown in
figure 1.1-1, is plotted in an inertial reference frame anchored at

the time of perilune. The characteristics of the trajectory are the
following.

Perilune
Time, hr:min:sec, g.€.5¢ « v 4 v & o « 4+ « 83:25:50.8
Altitude above LLS, n. mi. .+ « v & « + 4 . . 1851.7
Selenographic latitude, deg . . . « . . . . . -2.6
Selenographic longitude, deg -177.1
Return vacuum perigee altitude, n. mi. . . . . 20

Transit time from TLI
Burnout to entry interface, hr:min:sec . . . 160:38:1k4.2

Earth entry interface

Time, hr:min:sec, g.e.t. i e ow w o w o a me  103:30:57.9
Altitude, n, mi. . o e b e e W e e 65.8
Geodetic latitude, deg i el el R M @ & & %@ 2.4
Longitude, deg . « ¢ ¢ & & + « & + 4 4 4 . . -91.9
Inclination, deg . . + &+ & « & &« + & & 4 + & 16.5
Touchdown
Time, hr:min:sec, g-€¢te « « v &« 4 & = o « 163:45:00
Geodetic latitude, deg .+ + « + « « « o . . 8.4
Longitude, deg . . . . . d e e w OF # B N =-71.2

Time prior to sunset, hrimin . . . . . . . . 10: 3k
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L.5 Post-Translunar Injection Events

The summary of the major events from TLI cutoff through S-IVB LOX
blowdown is given in table 4,5-I. To determine the separation attitude
maneuver (TBT pluss 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.

Upon ground command, the S-IVB performs an APS evasive maneuver
approximately 12 minutes after CSM/LM separation. The S-IVB attitude
for this maneuver will be the same as the separation attitude except that
the sign of the middle gimbal angle (yaw gimbal) will be reversed. The
APS burn will be 10 fps.

The S-IVB performs a LOX dump 21 minutes 20 seconds after the APS
evasive maneuver. The local horizontal attitude for this dump is pitch
191°, yaw 0°, roll 180°.

The LOX dump maneuver is designed to reduce the probability of SC
recontact with the S-IVB and also to prevent S-IVB impact with the earth
or moon. Nominally, the LOX dump maneuver results in a slingshot trajec-
tory; the S-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 both earth and lunar impact.

The relative motion between the S-IVB and SC for this post-T, D,
and E phase is shown in figure k4.5-.1,




L2k

TABLE 4.5-I.- SUMMARY OF EVENTS FROM TLI
CUTOFF THROUGH LOX DUMP

Time f"rom TBT Event AV, Comments
hr:min:sec fps
0:00:00 Hold cutoff attitude
0:00:20 Command and hold locsal
horizontal
0:15:00 Initiate maneuver to
separation attitude
0:20:00 Freeze separation attitude Latest time for
inertially maneuver to be
completed
0:25:00 Begin SC separation/SLA 0.8
jettison
0:25:35 Null 0.3 fps separation .3 -X RCS
rate
0:25:40 Pitch 180° (sC) 1.5/deg/sec
Null pitch
0:27:40
7 Start roll 60° .5 deg/sec
0:29:40 Null 0.5 fps separation 1.5 +X RCS
rate and initiate 1 fps
closing rate
0:32:10 Null 1 fps closing rate 1 -X RCS
0:32:15 Begin dock
1:20:00 IM/CSM undock from S-IVB 1.2 Spring ejection
and 3 sec -X RCS
1:32:00 S-IVB APS 10 Start TBS
1:53:20 S-IVB LOX Local horizontal
attitude
pitch = 191°
yaw = 0°
roll = 180°
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Figure 4.5-1.-Motion of the S-IVB relative to the spacecraft for the S-IVB
evasive maneuver on Apollo Mission H-1,
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i, 6 Translunar Coast

A groundtrack of the translunar coast phase is shown in figure L4.6-1.
Time histories of altitude and true anomaly for the first 10 hours of
translunar coast are provided in figures 4.6-2 and 4.6-3.

After TLI, the spacecraft is on a free-return circumlunar trajectory
with a perilune altitude of 1851.7 n. mi. At TLI plus 2l hours?, a
transfer maneuver is performed which results in a non-free-return trans-
lunar trajectory with a 60-n. mi. perilune altitude. The transfer
trajectory is restricted such that, in the event that an SPS maneuver
could not be made, an earth return would be possible within the DPS
docked AV capability. It is assumed that the LM maneuver could be made
at a minimum of 2 hours after perilune. The target load for this maneuver
is presented in table k4.6-I,

The transfer maneuver is GNCS controlled, and external AV guidance
and the PTC REFSMMAT are used. The characteristics of the burn are
the following.

Time®, hrimin:isec, g.€ute o v o o o« o « v o « . 26:52:43.7
Geodetic altitude, n. mi. . . . . . . . . . . . 106 897.0
AVy TPS v ¢ v o v ¢ o o ¥ § & F @ @ e @ § 8 63.8
Burn time, S€C « ¢ v 4« v v 4 & e 6 e b e e s e 9.3
SPS propellant used, 1b . & + o & 4 o & « & o« 607.2
Plane change, deg . « « & « v o 4 o 4 4 4 o« 4 s 0.9

Passive thermal control attitude will be maintained during most of
the translunar coast phase, The PTC REFSMMAT is given in table 5-II.

Four midcourse correction maneuver points have been defined at the
following times.

a. TLI plus 9 hours (MCC-1)
b. TLI plus 24 hours® (MCC-2) (the transfer maneuver)

o T,
@ c. LOI minus 22 hours (MCC-3)

d. LOI minus 5 hours (MCC-L4)

®Recause of the crew rest/work recycle, the transfer manenver time
has been changed to TLI plus 28 hours.
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The midcourse correction strategy has been defined and documented
through the Apollo Data Priority Coordination Office (ref. 2). The
maneuvers are GNCS controlled, and external AV guidance is used. Unless
gimbal lock problems occur, the pad IMU alinement (REFSMMAT) will be
used for the MCC-1, the PTC REFSMMAT (table 5-II) will be used for MCC-2
and MCC-3, and the descent REFSMMAT will be used for MCC-4. The aline-
ment criteria are presented in section 5.0.

The SC enters the lunar umbra approximately 40 minutes prior to
LOI-1 ignition and stays in shadow for 32 minutes. There is continual
MSFN coverage from TLI cutoff until lunar occultation.

The duration of the translunar coast phase is 80 hours 36 minutes.
Note that this duration violates the highly desirable ground rule of an
even integer number of days for translunar flight to provide a more
favorable crew work/rest cycle. However, a thorough review of mission
design scans indicated that no even-integer day was possible without
violation of other mandatory ground rules.

Geodetic altitude from translunar injection to LOI-1 is shown in
figure 4,6-k, Altitude above the lunar surface during the last 10 hours
of translunar coast is shown in figure L, 6-5.
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TABLE L4.6-I .- TARGET LOAD FOR NON-FREE-RETURN MANEUVER

[Propulsion system: SPS; guidance: external AV]

(a) Target
tIG’ hr:min:sec, g.€.be + « v « v 4+« v+ .. . . 26:52:43.7
AVX, TPS « v v e e e e e e e e e e e e e e -23.5
BVgo EDB + o o o mom mmmm w s W e % e e -18.0
AVos TPS v v v v v e e e 56.5
Weight, 1b . . . ¢ 4 & % % 95 @ § & § 5 5 & @ s 96 597.6

(b) REFSMMAT

Refer to table 5-I1
(¢) Gimbal angles at trg

IMA, GEE « v v v v e e e e e e e e e e e e e 21.2
MGA, GEB + v « v v v v e e e e e e e e e e -28.2
OGA, Geg & iwis s & & % & % @ % & 5 % 5.5 % % -169.4
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4.7 Lunar Orbit Insertion (LOI-1)

The LOI-1 maneuver is designed to insert the CSM into approximately
a 60- by 170-n. mi. lunar parking orbit (LPO). The lunar orbit insertion
geometry is shown in figure 4.7-1, and the lunar orbit groundtrack from
LOI-1 to LM landing is shown in figure L4.7-2. A time history of trajec-
tory parameters during the burn is presented in figure 4.7-3. The burn
was simulated with external AV guidance. A description of the burn is
as follows.

LO0I-1 burn initiation

Time, hr:min:sec, g.e.t. e v R R Rl ¥ OB 83:28:47.5
Mass, 1b . . . . . . e e e e e e e e 9k, 595
Altitude sbove LLS, n. mi. .+ +« &+ « + « &« « = 85.3
Selenographic latitude, deg « + « v « « « + . 6.5
Selenographic longitude, deg =« +« « « « + « & 177.4
Velocity, fps « + « + + . c § G e @ % & B 8162.5
Perilune altitude above LLS, n., mi. RN 59.9
Selenographic inclination, deg . « « « « + & 158.0

LOI-1 burnout - start LPO

Time, hr:min:sec, g.e.t. . ¢« « ¢« o « « « + & 83:34:47.7
Altitude above LLS, n. mi. . « « « « « « « & 59.7
Selenographic latitude, deg . . . .« + + + &+ . -1.1
Selenographic longitude, deg N 155.3
Velocity, fps . . . T EER 5484, 3
Selenographic 1ncllnat10n, deg c W ¥ W # 164.7
Burn duration, S€C .+ « « ¢ ¢ o ¢ o s e 4 4 s 360:2
Inertial burn arc, deg .« « « + « o + & + & s 23.3
Plane change, A€ « « « « o & « o« o & & & « » 6.7
AV, fps . « « . . e 2890. 4
SPS propellant used lb T T 23 511.
Orbit period, hr:min:sec . . « « & & « « + & 2:08:39.5
Perilune altitude above LIS, n. mi. R 59.7
Apolune altitude above LLS, n. mi. .+ « « . . 170.1

The 1.OI-1 burn parameters were computed without simulation of the
SPS thrust buildup and tailoff. However, the effect of these is reflected
in the burn parameters presented in the simulation data package (ref. 3).

The REFSMMAT used for the LOI-1 burn as well as for the LOI-2 burn is
the lunar landing site alinement at the nominal lunar landing time.

The target lcad for the LOI-1 burn is given in table b, 7-I. More
detailed information about the burn, including reset points, navigation
updates, and ignition gimbal angles, is given in reference 3.
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TABLE 4.7-I.- TARGET LOAD FOR LOI-1 MANEUVER

[Propulsion system, SPS; guidance: external AV]

(a) Target
tig> hriminisec, gect. . ... L L L L L L L L, 83:28:47.5
AVys fP8 « v v o -2815.7
AV,, fps . R R E R IR 6L4, 2
AVZ, Ps & v o e e e e e e e e e e e e e -106.7
Weight, 1b . . . . . . . . . .. ... ... ... 9L 595.4

(b) REFSMMAT

Refer to table 5-II1I
(¢) Gimbal angles at tIG

IGA, deg + v v v v e e e e e e e e e e e -99.5
MGA, deg . . . . « « . . . . . . 18.9
QGA, deg « . « w wiwtel 5 o & % 5 % % 56 v ¥ ¥ 5 @ 3.7
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Figure 4.7-1.- LOI-1 geometry.

Velocity = 8162 fps

Longitude = 177 .4°
Latitude = 6 ,5°

LOI-1 cutoff

Altitude = 59.8 n: mi,
Velocity = 5484 fps
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Perilune altitude =
59.7 n. mi,
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Figure 4,7-2. - Lunar orbit groundtracks from LOI-1 to LM landing.
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4.8 Lunar Orbit Circularization (LOI-2)

The LOI-2 maneuver occurs after two revolutions in the 60- by
170-n. mi. orbit. The targeting is biased to place the spacecraft in
a noncircular orbit. The orbit is designed such that the predicted
perturbations caused by the lunar potential will gradually circularize
the orbit at ~60 n. mi. by the time of the CDH maneuver (approx1mately
60.5 hr after LOI-1). The initial orbit is 54.1 by 65.9 n., mi. with
perilune located at a selenographic longitude of 72°E These altitudes
are relative to the landing site radius.

For the LOI-2 burn, the landing REFSMMAT (table 5-III) is used,
and the CSM is oriented heads down. The burn is initiated near perilune
of the second revolution in the 60- by 170-n. mi. orbit. 'The target
load for the LOI-1 meneuver is presented in table L.8-I. The
characteristics of the burn are the following.

I0I-2 burn initiation

Time, hr:min:sec, g.e.t. e e e e e e e e 8T:47:36.7
Mass, 1b. . . + . . e T 71 050.
Altitude above LIS, n. mi. .+ « ¢ « o « + + 61.3
Selenographic latitude, deg . « « « « « « + 2.4
Selenographic longitude, deg . « « +« o+ « + 166.0
Velocity, fPS « « o o o o o o o o o 4 o o o+ « 5476.3
Perilune altitude above LLS, n. mi. i s 59.6
Apolune altitude above LLS, n. mi. .« . « .+ & 170.2

LOI-2 burnout

Time, hr:min:sec, g.€.t. .« « « o « « « « « « 87:47:5L.8
Altitude above LLS, n. mi. . . . « « « + « & 61.2
Selenographic latitude, deg . . . « « « + « & 2.1
Selenographic longitude, deg .+ « « + « « + o 165.1
Velocity, fps . . . T 5338.7
Selenographic 1ncllnat10n, deg . v e v ow e s 16L.7
Burn duration, S€C « « o 4 4 & s e w e a4 s 18.1
Inertial burn arc, deg . « « « « « &+ 0.9
Plane change, deg . + « « « « « « & o &« & & 0.0
AV, fps . . . . 5 R 169.3
SPS propellant used lb e e e e s e E @A 1178.9
Orbit period, hr:min:isec .+ .« « + « « « o « 1:58:43.3
Perilune altitude above LLS, n. mi. R s5h.1
Apolune altitude above LLS, n. mi. . . . . . 65.9
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TABLE 4.8-I.- TARGET LOAD FOR LOI-2 MANEUVER

[Propulsion system:

tIG’

AV fps .

X,

AV fps .

Y’
AVZ, fps

. Weight, 1b

IGA, deg .
MGA, deg .
OGA, deg .

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

(a) Target

(b) REFSMMAT

Refer to table 5-III1

(c)

Gimbal angles at t

SPS; guidance:

IG

external AV]

B7:47:36.7
-137.6

0

-98.6

71 050.3

-128.6
-0.3
-0.3
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4.9 (SM/IM Coast from LOI-1 to Undock

The activities in lunar orbit prior to undock include a lunar land-
mark sighting during rev 4, a IM housekeeping period, a 9-hour rest
period, the LM checkout, and a landmark sighting on the landing site
landmark. The following is a summary of the major activities in lunar
orbit prior to undock.

Activity ReXSiEZion Time, hr:min, g.e.t.
LOI-1 Beginning of 1 83:29
LOI-2 Beginning of 3 87:48
IVT to IM for housekeeping 3 89:30
activities
Landmark track L 90:20
Inertial attitude L 90:40
IVT to CSM L 91:10
Begin 9-hr rest period 5 92:30
End rest period 9 101:30
IVT to IM for LM checkout 11 103:55
Landing site landmark track 12 106:30
Undock 13 108:01




4.10 CSM/LM UNDOCK TO LANDING
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L.10 CSM/IM Undock to Landing

The period from undock to. landing (touchdown) includes the following
maneuvers: CSM/LM undock’, CSM separdtion, descent orbit insertion (por),
and the powered descent [flg. 4.10-1(a)]. The undocking occurs during
the thirteenth orbit. Approxlmately 30 minutes later, the CSM performs
a separation maneuver. One-half orbit after separation, the DOI maneuver
is performed to place the LM on a Hohmann transfer orbit to carry it from
the near 60-n. mi. cirecular parking orbit to a low altitude of 50 000 feet.
The powered descent maneuver is initiated near the 50 000-foot perilune
of the descent trangfer orbit, The powered descent maneuver [fig. k4.10-

] con51sts of ‘three operational phases braklng, for efficiency;
approach ‘for erew visibllity, and landlng, for- takeover of manual control
to landing ‘on the lunar surface. - The transitién from braxlng to
approach phase is termed high gate, and the tran51t10n from approach to
landlng phase is termed low gate,

‘The - Tlunar groundtracks ‘for the spacecraft are included in
figure 4110=2. 'The track of the LM from' undocking to landing with the
location of the major events are shéwn in figure 4.10-2(a); the same track
- is shown’ 1n flgure L,10-2(p) ror the CSM. The IM track during the powered
descent is shown in figure 4,10~ 2( )3 the locations of powered descent
initiation (PDI), high gate, and ‘landing are indicated. The CSM track
during powered descent is shown in figure 4.10-2(d). A summary of the IM
descent events 1nclud1ng related data during the descent -is shown in
table 4,10-I. Lunar module weight data used are prov1ded 1n table 4,10-1T;
engine performance data are given in table 4;10-III. Data for both of
thesé€ “tables were taken from réferences L and 5, respectlvely The MSFN
tracklng summary 1s glven 1n table L, lO-IV ' '

Time histories of LM altitude, velocity, and flight-path angle from
undocking to landing are shown in flgure 4,10-3; major events are also
indicated. Time histories of the LM—CSM relative parameters to show
vehicle-to-vehicle relationships durlng ‘the LM descent are shown in
figure 4.10-4. The parameters shown are LM-CSM elevation angle, phase
angle, range, and range rate with the major events 1nd1cated Time
"histories of the three body relationships (i.e., CSM-LM-sun and CSM- LM~
earth) ‘are shown in figure 4,10-5. The angular relationship between the
CSM and the sun as viewed from the LM is shown in figure 4.10-5(a), and
the relationship between the CSM and the earth is shown in figure 4.10-5(b).
The LM-CSM range rate versus range from undocking to landing with time
ticks every 20 minutes is shown in flgure L.,10-6(a). An enlargement of
_ these data from DOI to PDI is shown in figure 4:10-6(b). The LM-CSM

“" relative motion is shown in two figures. Separation through DOI is shown

in flgure b, 10 7, and DOT through powered descent to landing is shown in
flgure h lO- - , .

v
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More details of each maneuver from undocking to landing are given
in the following subsections.

4.10.1 (CSM/IM undock and separation.- During the thirteenth orbit
and 2.5 hours prior to landing, the LM and CSM undock in preparation for
descent. One-half hour after undocking (one revolution prior to PDI),
the CSM performs a manual maneuver of 2.5 fps directed radislly downward
toward the center of the moon. This maneuver provides an increase in
LM-CSM separation distance from the Lo-foot stationkeeping position to
10 571 feet (1.7 n. mi.) at DOI, as shown previously in figure L4.10-T7.
The target load for the separation meneuver is given in table 4.10-V.

4.10-2 Descent orbit insertion (DOI).- The DOI maneuver occurs
one-half revolution after separation and one-half revolution prior to
PDI. This maneuver places the IM in a 60-n. mi. by 50 000-foot altitude
orbit with perilune located to the east of the landing site longitude by
a central angle of approximately 15°. The DOI includes a two-jet,
T.5-second ullage followed by a 28.2-second retrograde burn. During the
first 15 seconds of the burn, the DPS manual throttle is set to the
minimum position. After this 15-second trim period, the throttle is
increased manually to 40 percent for the remainder of the burn. The target
load for the maneuver is shown in table 4.10-VI." Time histories of the
engine gimbal angles, platform gimbal angles, and FDAI angles durlng Tho
DOI burn are shown in figures 4.10-9 through 4.10-11.

4.10-3 Powered descent.~ The powered descent maneuver (PDI) which

consists of braking phase, approach phase, and landing phase [fig. 4.10-

1(b)] is initiated at perilune of the descent transfer orbit (50 000 ft).
The ullage maneuver and DPS engine gimbal angle trim periods are perfdrmed
at the constant inertial attitude required by PGNCS guidance at DPS
ignition. The braking phase is designed for efficient reduction of orbi-
tal velocity and, therefore, uses maximum thrust from the DPS for most of
the phase; however, the. DPS is throttled during the final 2 minutes of
this phase for guidance control. The spacecraft is in a windows-up
attitude so that the landing radar can be used. The braking phase guidance
is based on quadratic acceleration equations. The targets for this phase
are listed in table 4,10-VII. However, these. targets are not actually
achieved because the guidance automatically switches when time to go (to
achieve targets) becomes less than 62 seconds. from braking phase targets
to approach phase targets.

The approach phase, which begins at approximately a 7000-foot altitude
(high gate), provides for pilot visual monitoring of the approach to the
lunar surface. That is, the guidance is targeted to provide spacecraft
attitudes which permit crew visibility of the landing area through the
forward window throughout this phase. The same quadratic acceleration .
guidance law used in the braking phase 1s also used here. The targets for
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the approach phase are listed in table 4,10-VII. Note that the altitude
target is approximately 110 feet. However, the approach phase is opera-
tionally considered to be terminated at an altitude of 500 feet (low gate)
where the landing phase begins. The landing phase is designed to provide
continued visual assessment of the landing site and to provide compati-
bility for pilot takeover from the automatic control. There is no change
in guidance law or targets at this point because the approach phase targets
have been selected to satisfy these additional constraints. Under auto-
matic guidance, a vertical descent is initiated when time to go becomes
less than 12 seconds. The vertical descent portion of the landing phase
starts at an altitude of 150 feet and terminates at landing on the lunar
surface. The guidance is a velocity error nulling routine. Normally,

a 3-fps rate of descent is used throughout the vertical descent. The
target conditions for the vertical descent portion of the landing phase
are included in table 4,10-VII.

Time histories of the LM trajectory parameters along with related
data are shown in figure 4.10-12. Each of the plots show major events;
DPS throttle recovery, high gate, low gate, start of vertical descent,
and landing are indicated. Altitude, velocity, and flight-path angle
are provided in figure 4.10-12(a). The angle to the landing site as
measured along a vertical grid on the commander's window [termed landing
point designator (LPD)] is shown in figure 4,10-12(b). The boundary of
the lower window limit is also shown. The LM thrust vector pitch profile
is shown in figure b,10-12(¢). The guidance commanded thrust and the
actual thrust delivered by the DPS are shown in figure 4.10-12(d). The
instantaneous weight of the LM as well as the DPS oxidizer and fuel used
during the descent are provided in figure 4.10-12(e), while the guidance
computed time-to-go during the descent is indicated in figure L4.10-12(f).
The figure also shows the target switch at high gate. Altitude rate is
shown in figure 4.10-12(g). The difference between the landing radar
measured and PGNCS-navigated altitudes is provided in figure 4.10-12(h).
This difference is indicative of the terrain profile being sensed by the
landing radar.

Time histories of engine gimbal angles, platform gimbal angles,
FDAI angles, S-band antenna elevation and azimuth angles, and rendezvous
radar elevation and azimuth angles, are shown in figure 4,10-13. Also
included is an S-band antenna gimbal angle profile that shows areas of
vehicle blockage.

The LM altitude/range profile is shown in figure 4.10-14(a). IM
altitude is referenced to the landing site radius with the mean lunar
radius designated as well as DPS throttle recovery, high gate, and low
gate. The terrain altitude referenced to the landing site radius with a
l-power to LO-power magnification of the terrain elevation is found in
figure 4,10-14(b). The altitude/altitude rate profile for the descent
is given in figure 4.10-15.
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The time histories of LM/CSM relative parameters, phase angle,

elevation angle, range and range rate from PDI to landing are shown
in figure 4.10-16.

The IM altitude/range profile and a tabulation of pertinent trajec-
tory parameters during the approach phase are shown in figure L4.10-17.
The altitude/range and altitudé/altitude rate profiles for the landing
are shown in figure 4.10-18. A tabulation of pertinent trajectory param-
eters is also provided in this figure.
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TABLE 4.10-I.- SUMMARY OF LM DESCENT EVENTS
; - = . e
LM MSFN - hr:ﬁiﬁesac Propulsior; Uﬂ:? f:i’e‘ v, Total ‘I':i;;il Propellant
lighting track zoe.t. d system ‘seq, 'sec, fps AV, fps 15 i used, 1b
TEH/ M undoek 107:58:00 = = e = = = —
CSM SEP 108:27:&;9 SM RCS -— 15.8 2.5 2.5 836 100.8 12.3 ¢
Enter lunar penumbra 108:&0:#1 -_— - - -— 2 == =
Enter lunar umbra lOB:hO:iE»- A - — - - = === = L_ s
MSFN LOS 108:59:38 == = =2 - ws — —
poI i )
Ullage 109:26:20 IM RCS ) 7.5 7.5‘ 1.3 1.3 33 617.7 L.8 i
DPS 12% 109:26:27 IM DPS - 15.0 17.§ 19.2 33,612.9 65.4 :
Enter lupar penumbra 109:26:31 = T B - - - _— t
Enter sunlight 109:26:‘2 -_— - -— — = = i :
]
DPS L0% 109:26:1}2 LM DPS — 13.2. 5h.1 “73.3 33 547.5 187.2 |
DPS shutdown 109:26:56 _— - e = j— - — e i !
MSFN A0S 109:U6:2h - = S Sne 7 _— — |
Powered descent 1
Ullage 110:23:?19. LM RCS —T.5 7.5 1.3 k.6 33 360.9 - L8 !
PDI trim 110:23:26 1M DPS - 26.0 31.5 106.4 33 356.1 1151
FTP 110:23:52 LM DPS - 352.0 4138.3 Lok .7 33 239.0 11 Lg6.5
Begin LR altitude updaté. 110:27:52 IM DPS - -— - - —_— -—
DPS throttle recovery 110:29:4L M DPS -— 130.0 1216.9 SK61.6 21 725.1 2 5L5.3 ‘
Begin LR velocity update 116:30:12 LM DPS —_— -_— -= -_— -_— | -
High gate 110:31:5% LM DPS - 11Lk.0 873.4 6335.0 19 169.6 - 1 588.0 ‘
Acquire lending site 110:31:56 1M DPS i — = = = -
visibility . I
Low gate 110:33:48 1M DPS — 50 280.5 6615.5 17 502.8 ' 508.4
Lose landing site 110:34:30 LM DPS _— - o -— — _—
visibility
Vertical descent 110:34:38 LM .DPS -— L.z 236.3 6852.8 16 990.5 119.9
Touchdown 110:35:22 1M DPS - -— - 6852.8 16 567.1 -—

[ £ s
CSki weignt at separation.

T9ry
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TABLE ".10-II.- LM DESCENT WLIIGHT

Total weight of ascent stage, 1lb

Inert weights, consumables, and
unusable DPS propellant, 1b

Tanked DPS propellant, 1b

Total weight of descent stage, 1b

Weight of crew and equipment, 1b .

Total LM weight at undock, 1b

10 h93.6

b 770.1
17 96L.0

22 T34.1

o

L36.

33 663.7

TABLE 4.10-III.- LM DESCENT ENGINE PERFORMANCE SUMMARY

Propulsion
system

sp

286.3 to 302.7

304 .6

Percent Flow-rate
Thrust per ) .
. 1bf relative per engine,
engine. throttle 1b/sec
1267 to 6615 | 12 to 63 | k.4 to 21.8
982k 93.5 32.2
89.6 0.357

Throttle region.

bFixed throttle setting.




TABLE 4.10-IV.- MSFN TRACKINIG SUMMARY FOR LM DESCENT

Acguisition Termination
Station hr:ii:?;ec, Azimuth, Rangg, hr:;ii?;ec, Azimutkh, Rang?,
g.e.t. deg n. mi. .t deg n. mi.

Parks a - - 108:59:00 9.7 20k 199
Horevsuckle a — —_— 1068:39:04 78.6 20k 194
Hawaii a - - 108:59:19 1341 202 022
Golistone a -— -— 108:59:31 -14k .5 202 L1s
Guaymas a - - 108:59:32 -130.0 202 3L%
Corpus a — - 108:59:3L -116.6 202 755
Bermuda a -— — 108:59:36 -97.7 20k 263
Merritt Island a -— - 108:59:36 -105.5 203 L52
Aintigua Island a - - 108:59:37 -93.0 20k 336
Grand Bahama a - - 108:59:38 -103.2 203 5L6
Guar 108:0k4:19 90.0 20k 113 106:59:08 92.5 20k 228
Tarks 109:46:2L 72.3 203 707 o — —_—
Honevsuckls 109:46: 24 73.9 203 717 b e 2o

8:T.as 109:L4E:26 -118.2 202 7ks b — N
Tuan 109:46:29 95.6 203 625 ) - ==
rrwati 109:46:h0 157.5 201 829 o - —
cidstons 16G:k6:27 -129.7 2.2 7i2 5 - -
Jornus 100:46:57 -103.1 203 2L2 o o -
Merritt Island 109:47:00 -92.0 20k 036 b a= -
Srand Bahama 109:47:01 -97.2 204 145 b — —
Bermuda 109:Lk7:04 -91.3 204 868 109:58:40 -89.8 204 k20

83tations tracking at undocking.

bstations tracking at touchdown.

€91
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PABLE N T0=V .~ 'PARCIYT LOAD FOR CSM SIPARAWION MANEUVER

[ Pyopulaion syglbem: Ok
(a) Target
t’l(‘. , hsminisee, oot
AVX, Fps

CSM weight, 1b .

(1) COM RIEFSMMAT

Refor to table 5-1V

(o) O glmbel wreles al

TGA, deg
MGA, deg

0GA, deg

'
i

108:27: 19 .4
0.0
0.0
2.5

26 100.8

-75.6
0.0

180.¢
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TABLE 4.10-VI.- TARGET LOADS FOR LM DOI MANEUVER

[Propulsion éyétémi DPS éﬁidancé: external AV (P30, PLo)]

(a) Target

trao hr:min:sec, g.e.t.-l. e e e e e e e e e e e e w e 109:26:27.4
. AVys TDS v v v vt o e e e e e e -T1.0kLT
AVys TDS o v v v v v v e e e e e e e e 0.0
AVZ, DS o & wiisiis o sow s o @ @ % @ a8 8 & i s &l el e 18.704
Weight at t 1D & 5 & 3 6« G E e 8 o8 B E e 5 60w 33 612.9

1G’

(b) REFSMMAT

Refer to table 5-IV

(e¢) Gimbal angles at t;

G

TGA, ACE o o o & o o o8 o @ omow s b G E F 8 5 6w E o s -60.8
MGA, AEE = « « o o v e e e e e e e e e e e e e e e 0.0
OGA, deg i i & o § 8 6 W w ¢ & & & w0 6o om o o 3 0.0
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TABLE 4,10-VII.-. TARGET LOADS, K FOR LM POWERED DESCENT MANEUVER

[Propulsion system:

DPS; guidence:

powered descent (P63, P6lW, P6E5)]

(a) Ignition algorithm parameters (P63)

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

RIGXG, ft
RIGZG, ft

VIGG, fps . . . .

K., ft/fps .

V’

Braking phase (P63)

Position, ft

R = 171.83468

R = 0.0

y

R, = -10 678.596

Velocity, fps

Vx = -105.87606
V. = 0.0

y
V_ = -1.0403022

Acceleration, fp52

Ax = .62hk12594
A = 0.0
y
A, = -9.1043852
Jerk, fps3
J_ = -.018826723

Z

TENDBRAK = 62,

(?) Targets

Approach phase (P6lL4)

.Position, ft

R = 111.0852
RS el
-26.793499

t=s]
[}

Velocity, fps
vV, = «4,993

Vv = 0.0
.24785119

<5
]

Accelération, fps2

Ax = -,26237T170

A = 0.0

y

Az = -.5120091
Jerk, fps3

J, = .001807716

TENDAPP = 12,

110;23:26
o e e -130°519.86
. -1 432 597.3
. oA 5 5U5.5

T 617631

. « + % 7.000000755194k

Lio.

Vertical descent (P6S)

Velocity, fps

V_.= -3.0
X
V._=0.0
Yy
V_= 00.90
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TABLE 4,10-VIT.- TARGET LOADS FOR LM POWERLD
DESCENT MANEUVER - Concluded
[Propulsion system: - DPS; guidance:
powered descent (P63, P6h, P65) ]

(c) REFSMMAT

Refer to table 5-IV

(a) Gimbal angles at t..

TGA, deg « v v« & & 4 s a s a4 s e a4 e
MGA, A8 v « « « o o o = & o & + 2 = s s s

OGA, deg . v o & o & = « + & s & & & + o =



LM DESCENT

CSM ORBIT ORBIT (60 N. Ml

(60 N. M1.) \ BY 50 000 FT)
UNDOCKING

= SUN

89~
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SEPARATION

(a) Lunar descent orbital events.

Fi wred.10-1 - LN - sents.



4 _____——-——60———-__:_ e
o e —~ — —g __
50— 58 — — — =
9:60 8:00 7:00 67 R —
i 6:00 765 — ¢
_ [miGHGaTE S T CSm g, -
40 3 N l:] RBIT
HORIZON VISIBILITY 300 -};oi 00N, &
ALTITUDE, 5_ 4:00 T 0
N. MI. - g0 LW
[LR ALTITUDE] b Wit
20- 300
" SUN
10- {55_ }65. ==
T 126w i L TR S :
49 =40 ~20 o , 20 40
SURFACE RANGE, N. ML 11;568:007:00 6:00
1

(b) Powered descent profile.

Figure 4.10-1. - Continued.
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Figure 4.10-1.- Concluded.

SUMMARY
EVENT TFI, Vi H, H, AV,
MIN:SEC FPS FPS +PS FPS
POWERED DESCENT INITIATION 0:00 5560 -4 48 814 0
THROTTLE TO MAXIMUM THRUST 0:26 5529 -3 48 725 32
LANDING RADAR ALTITUDE UPDATE 4:26 2959 -94 39 146 | 2647
THROTTLE RECOVERY 6:18 1522 -106 25744 | 4170
LANDING RADAR VELOCITY UPDATE 6:46 1301 -136 22 715 | 4420
HORIZON VISIBILITY 7:04 1162 -148 20 130 | 4582
HIGH GATE 8:28 505 -137 7273 | 5387
LOW GATE 10:22 35@7)* -14 524 | 6260
TOUCHDOWN (PROBE CONTACT) 11:56 -15 (0) * -3 12 | 6778
¥HORIZONTAL VELOCITY RELATIVE TO SURFACE)
(c) Powered descent events summary.
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(a) LM groundirack.

LR
(JCSMat LM

== UM fanding site =’
'\'I 1 " G J -
= smi————] -
all .~
y I NG

e _'?- iof

ok
W

-~y
5

P e

Lunar longilude, deg

{b) CSM groundtrack.

Figure 4.10-2. - LM and CSM groundtrack during powered descent.




L-71

A

i (x

T
i g
| :

2= S B .

=1
|
Pl e
- 4
e
\h& -

i e i
P EE S T
- i “

1 r

180

U714

W

%

3




h-T2

10
=
©
[=}
o =
[
©
@
o
>
=
s
J s
3
(=}
(%3]
10
West lunar longitude, deg
(c) LM groundtrack,
10
=
=4
o
o =
-
)
= A
E 0 £ | — - - -—-‘ ‘.
= 4 -CSM at high gate® /.
] R T R | A
g ‘ . | Sl
— 1:5 i “. .‘.-' .._ h
3
A [~k T
o } " o] Vi \E ‘?\Eg
I.. -. {7 f.'.m.'_ﬁ g ﬁ ' . .\ .E.‘ y .
) 1o L R . N A S A
40 30 20

West lunar longitude, deg

(d) CSM groundtrack,

Figure 4.10~2 .- Concluded,



eld &L a ﬁ.r..| EEEEE o HENEN _”_
a | -
—l / 1 e —\
i | 7 el e
8 - 8 1 l =
—=F-1 —t 4 o d'
- L - A S
1 n T =
| HEHHEH T P ] E
LR N T N N I o O =
] 1] SN ]
1 b fe | - = N 4 AR St R x‘ 4 m
—. —. 4t - bobo - Lt — b E
| =1
_ T 5 ‘ ._Ir .ﬂ.l||l
i [ THL HERRENEEdE. g i ¥
SERRRRRRaASA AR ARR ANARARASE s
il ] ] -
| L i R LI4A N0 RS
H ] b i 11 B 1 !
) Sy S 1] I ANEN ] i i
Vel e b wfde - 44 = et b g b
(] PO o il
L un N 5 A \F[ T [
| HENEWES AN i S Il;u.uwl 2 EEEN 5 1 0 O
] . - e et A — -
“ 4- . " SN - .- o .
1IN O R 0 :
b4 S b -
WE AN ses suul pwa i T O R
__ 10 0 ) O I [1” JI- O
T ] 1 I
S T - T
= ! NS L H =L 5
© ¥ T ] Al
Vol @ INREE i ] ) O L1 S 0 B
i HHHEHEHLT
. & - “ fote ot bR L3 .
= e {
.ﬁ.. ....Svl MJ y 4|
orT S gy
WMATETT T2 S SHTTE =5 I
| | i ,-.m —t o m u -
by " 1185, M_ RS ] L
55 s g | ] BN 11
14 2T H | 1

40

20

0
=20 [-

o
bl

Bap ‘A ‘ajbue yred-jubryy W
I l =

-60

7%10°

n < ™
sdj ‘A “A1100]9A |B10) N
| ]

700 x 19°

600

o (=)
o o
< [\

500

) ‘Y ‘a)s Bulpue| saoge apnije W

200

100

80 100 120 140 160

Time from undocking, min

60

Figure 4.10-3.- Time history of LM trajectory parameters fron undocking to landing.,



LM-CSM phase angle, deg

10 —

-15 —

LM-CSM elevation angle, deg

- CSM sepakati_o ;001:‘_. G '_‘""_Z%_iD :Landmg_
ehibe dpase fRc Ry 1 = i t

.+« .-=..:Elevation angi
+180 ek iy R

L ST o U S

100

—
Lt

-100 ‘—'—“'—'—‘—'-'-,(‘- st RS —

i 1
= I i1 | ] i
- it i1 [ 1 1 |
: - =t
4180 _ = .____ H-_' S — LM-CSM elevation anglé — —
B i ‘*f*-'EIelvation angle* - CSM
PO IO (D5 B s slman —
F Local == ==
=T horizontal——1Phase angle:

._}. ; s |

0 20 40 60 80 100 120

Time from undocking, min

(a) Phase anyle and elevatio: angle,

Froure 4,10-4 0 T, o ficon . CErbrelative paco o etors from o oy

140 160

RLiNg.

Lo



_- - 4 4 -+
] b LTh ] X i o
N | KA | ] :

Range

ange‘ rate

inm
1

Range

| |
|
PDI-—Landing—
SR
| |
T1l

HHE L Hos
i 1T _— s =11 L
- HHA | HHH 2 BEa! armm
- 0 I O -
. -1 1 EEE 11
- -

1
]
1
H
1
11
1
+
|
]
r
Bt
t
1
1
Ui
Range 2
ok 1
II
[
[ |
1

ange rate
T T

l
Ill
IRm
L)
[
L R
1
1
T
| |
.
i
DOl +
I

80
Time from undocking, min

- | O
HH T T
| - | & 4
H 1 EEEEE 1
mEAN S ] s 1 I

a3 Sxm e ob
4 .

R ASH Sum

[
I
i
I

LS
I
-

.
T
]

1]

k]

'l
1
1
(1]
!

1
1
]

1

i
i
1
T CSM separjaliun.

1400 X 10°—
800
600
400
200

1200

Y ‘abues WSO-INT
I | L it I | 2|
< o~ o N

sd) ‘ayes abued YSO-NT

N
10%10°
8
6
4

180

160

140

120

100

60

40

20

(b) Range and range rate,

Figure 4,10-4,- Concluded.



200

160
g
o)
2 120
o
<
<
>
o
=
I 80
Z 8
wn
(&]
40
0

[0 0 0 .ot I I O | e L E i YR B 3 I 6 S ) IS R I
0 5 I A 5 1 9 W I 6 R (| -+ [Tt i I i
[ 1D T D OO 0 ! i 3N TS I 1 [ {
IIEEEl EEEEE TN ERE : s = B ; 1 i _‘
- -+ -—CSM separationt1++ ; DOI — PD]-Larding
8 5 ,I T
1
ri T T
| NN | i
o Enter darkness. ; -
=8 '. S ESHINEES
- - L Bl i I
. 1 S 1 !
| L1 . | H |
S O O !
0 O O 2
- CSM-LM-sun angle fe : 1.
T N ’ <] ;
$ K5 FEnter daﬁllight .
== I } T
[T ~
S v o
E 1 H R i
[ ] 1 &4 I L - 1
— HEHE 5 B M S 0 B =
FoCsM._sin He e a=as=a= ST i
s 2 1 A I 1 1 t a : T :
20 40 60 100 120 140 160

Time from undocking, min

(a) CSM-LM-sun angle.

Figure 4,10-5.- Time histories of three body relationships as viewed
from the LM frov: undociciny to jarding.,



CSM-LM-earth angle, deg

180 ! mu ,' 0 T _
I f I i i i i LI I
160 CSM separation-== DOI T+ Landing
| : :
N PD
. 0.
0 MSFN LOS=AH1e : aERms
| ragane <IMSFN AQS ——— -
= : 3 s
. e -
80 :- ‘- -
——CSM-LM-earth angle - ~
=W | \
40 HH i ;
1] L] B
EE
|1
1] CSM earth
I O i : . ] I
5 O ] . s '
0 20 40 60 80 100 120 140 160

Time from undocking, min

{b) CSM-LM-earth angle,

Figure 4,10-5,- Concluded.

LL=%



LM-CSM range rate, fps

I ! T 7] T T ] L e 1 O O T e
Tl il I i 0 O A A O B S I A —TTTTT1 _
e N ' e S T ——W Time ticks every 20 minutes from DOI—|
1 il il ] I I: H T i i 1 I T ’:l| . ! I 8t
1 i I i
1 13
W |' il i
) | i 1 |
T LN T i 1
‘} it N "I'lbl ] il |
I — Tt \--anrmg T |
| — | Lty [ ]
i S R
i 3} I I | i I
i r | 1 ¥ rv1 i i ¥ |
: 7 Y : 3 :
] 1 1 H ] 1 1 |
i Hill] I H 1 1
i 1 A T 1 T 1 ; +
: Ii | t
¢ ! T :
- -
- -
i ; H -{ !
1 P LA DI
= 1
T !
— » -
:Undocklng : .
separation, T
[ Tand DOI
et ] 1 H T
1 1
| L R 1 H
— | 5 [ : |
1 LETT ) 1
H ] e
j | B B 1 I |
H ] 1 11 i i | R i
i "X T 1 7 T § L 1 13
11 I T L 55 e 1 i I'! 11 s
Bl B B 1 N O O E N e 1 8 o

0 50 100 150 200 250 300 350 400 450
LM-CSM range, n. mi,

(a) Undocking to landing.

Figure 4,10-6,- LM CSM range rate versus range,

8.L-1



J !
1

0

-

T

|

w=ih]

I

1

W Time ticks every 20 minutes from DOI —

=
1

ﬁli)Oﬁ"'

600
500
400
200
100

sdj ‘a3es abues NS -\

[ ]
0

80 100 120 140 160
LM-CSM range, n, mi.

60

40

20

&Y DOl to PDI,
Figure 4,10-6,- Concluded,



4L-80

14x10°

12

10

LM ahead © LM behind 2

| ot f- - L |- ﬁ i
11 T ]
Jle L L)

bad -
s L
- A
N B )

- Q.
[} -
.| (2]
=Sk LT 1S
T I W 1 T D)
N -
1538 [
=] | i 1,
s HHuES g TS
=
mty
|
1 >
1@ 11 i ]
11z AT R :
3 T . il
" |.k.l = 4
Q
TS 7 TIITT
i ) -~ g =4 L
e 11
1= 1 e
1pLi ‘ AL
paEEslsN T T
CHEE CE R - i N “
A !
+ -1 = HE -4 1] e |H _
T ] I r ot W i
- - 4 - +
s . . . i _,1
5 T a T
1= T e LT
\ 1] ] = 11z 1 H.;
i \ CEET NN

I el VS
L L O
I 1l STHTE L1
e . T - mill. - .|—. -
11 T s i
n TN Hreir T
- NS s F A i

TESRCT S TT T
i 0 _.!...f_- (1] 111 g

™ s S OO A +- 4 PHEE R
0 - S % T pr - ..“.: “ “ M
~ ety (N
X ‘ﬁ It | |
O

™ anoge )y @ mojagq

14 ‘abuel aARIDA [RIIMSA

-~
S

Horizontal relative range, ft

Figure 4,10-7.- LM-CSM relative motion from separation to DOI.



Vertical relative range, n. mi,

100

]
]

o

LM above

o
r

o LM below

o
1
|
o
i
1
1

8-

100

i I I i 11
150
100 50 LM ahead 0 LM behind 50 100 _ 150 200 250

Horizontal relative range, n, mi.

Figure 4,10-8,- LM-CSM relative motion (CSM-centered) from DOI to !anding.



Engine pitch and yaw gimbal angles, deg

1

Time from DOI ignition, sec

Figure 4,10-9.- Time histoties of engine gimbal angles during DOI.

S Yaw
| |
Pitch
: :
1T ;
!'1 i i ] T : i
:! :i 1 i III I-"l | s 1 v
1 ] R R 1 L I L. I RS S
- H i L [i i : = =
10 15 20 25 30 35

28t



*10Q bunnp
sa|bue |equi1b wione|d jo Aloisiy awi} -"QT-0T t 24nb! 4

29s ‘uoljubl |QQ Wody Wi |

OT

Gq1

0¢

1K

0¢

Platform outer gimbal angle, OGA, deg

1
= =
o o o

Platform middle gimbal angle, MGA, deg

DI—‘ D|—‘ 1 =
u o U o w o
| | | | | |
Platform inner gimbal angle, IGA, deg
1
= 1 1 | | 1
o O o ~ o U
o o o o o o
1
o = =
O THTITFO T F A
> -
[ I T

¢g-n



FDAI roll, deg

30

N
=)
|

—
o
|

-10 -

FDAI yaw, deg

30
20

o

10 - &

=

i

a

<

a

0 F L
_10 -
-20 e

350

300

250

200

150

100

Time from DOI ignition, sec

Figure 4,10-11 .- Time histories of FDAI angles during DOI .

Pitch-
Ya\!nr;— =
=
! i
I
o
. - ] 1
5 10 15 20 25 30



LM attitude above landing site, ft

60X 10
50
40
30
20 |-
10 |

i

LM total velocity, fps

6x10°

5;—.-

4 o>
(%]
o
<
o
5
1
=
=]
=
-1

2 L

" =

L

0

20

-20

-60

-100

T 1 | |
i 1T :
] I t .
i I i .
DPS throttle++{High gate+-Low gate +Landing+——
] 11 |r : I
LR
N ertical
=i = descent
—
- —1a
NHENR —-Flight-path angle
k' g Y 1
\ ;]
M 1
A, A 1 T
\ 1 1
A f L
‘ AltitudeT T
| 1
VEIDC":{ A . 4 l
™ $ :
h
A
< Mean lunar-it
- e radius
M
b T
M 1 '
LY NEE)
I
- H I
1 | 1
! 8 ) EEENEEEN
I T | T 1 j [ J - I i t
i ]
2 4 6 8 10 12

Time from powered descent initiation, min

(a) Altitude, velocity, and flight-path angle,

Figure 4,10-12,- Time history of LM trajectory parameters from PDI to landing,

14

8-y



LPD angle, deg

100 ¢

80

60

40

20

Time from powered descent initiation, min

(b) LPD angle,

Figure 4,10-12.,- Continued,

L W Vd WAV AV a4 )i PP AW EV. V.4V i A &.AV &V.4 A 1 L ’
Vid A 1A AV 4P 4V 4V, 4 A AR AP AP AV AV. &Y. Y LY
VAP A 4 4 DD 4D AP.AP.47. VA7 Z T 4D 4V a7, VAV 4
AV, pAP AV AV.AV. AW AP AV. AV.aV. AP LAV AV AV, P AP.aV.
e AP 4P AV. AV AP AV AV.ar. AV AV.d ¥ yLd
y yd AP4AP 4V 4 v PAP AV.aV. v
pd” AV AV.4 AV dr4ard AP AV AV.4 u i
- Y, V AP AV AP AV AV.AV. 4v4 A P4V 4V. 4
r /i pAVar. AP AV AP V. - P A A
2 AP 4AvVArar AV AV AV.ay. AP AV AVd .
AP 1 I 1 AP AVAV.AV. 2 :
: 7‘ A/ /’ 1’ Vi 1y P P 4 - 4, }, I’ z rj ’ -
AV AV. V.4V AP 4V.aV. P AW AV AV. AV, A P s 2 AP AV AV
A AV AV AV.ar.d4 Pa 4P d L LAILA 1A - pAV. 8V,
i ; yAD AV 4V, PAV AV.4 ALY VAV, F 4 A A
il » ,f /;'r/’ /j Jrai /r." P dV.av.av. P‘IV’J/ Fd A » L //' -
1 i P ¥ ’ J
» pav Z A A LA déz/ B A ﬁ;ﬂ 2
Lower window edge ? ] EEEES
i i B ! i JI [ ‘i i
il A =
: 3 !
- LM LPD angle \
S A
== 3 -
1] Zg Vertical
- .‘dpscenit
] | IR f 1
L | [ 1 1
1] To landing —~DPS throttle—+tHigh gate+—Low gate{4Landing —
; . : T I ) T
[T site I 1 1 T3
SEEUSENEEENEENEE i I 14
INENNENEE NN 7 T T 1
2 4 6 8 10 12 14

16

981



Thrust angle from local vertical, deg

120

100

80

60

40

20

L8

Time from powered descent initiation, min

(c) Thrust angle from local vertical,

Figure 4,10-12 .- Continued,

] EEEumE H — :
1 1IN ]
13 S N 1
DPS throt High gate--Low gate{Landing
EEEE
o
Vertical
descqnt
1
l '
- é
T 1
—~ 1 t
e : Il
i
- :
;
"
3
‘ i
i T
i
1 )
i
! ]
= Thrust angle
i 5
1~ Thrust Local y
[T vector vertical %
—— T
_ Local
= LNV horizontal 1 - — IBas
R T : - EEEE
2 4 6 8 10 12 14 16

18



LM thrust magnitude, b

25X 10

20

15

10

Time from powered descent initiation, min

(d) LM thrust magnitude,

Figure 4,10-12,- Continued.

11 ! 1l i I
i i Ti1 HEEREEEE]
I ﬂ l; I Actual T
DPS throttler+High gate+++Low gate—Landing+— — — Commanded—
1 } I =
Vertical
descent
3 maE |
i : ‘.
; 0
-._E[ { : i H
} < i
N
;'
\ ]
HEH ,
S M
i —
n2g ~ ' ] [
-+ — I
= i ! o
| M l ! 1
6 3 10 12 14 16

88~1



LM weight, b

60%10°  12x1 == : x :
i - I 1) i "
[ I 1 > 1 1 |
DPS throttle {+-High gateH-'Low gatel--Landing L
EEERERImSaseses
R ] 1 1L
50 — 16 Vertical
descent ]
T
i T
2 mi :
40 o 8 - 4 e T
= EERE DS
= | 1 1 I
£ . :_ H
& i T
2 ]
= I 1
S .
30 +— 2 6 - .
2 = e
: =
3 b I E
— . LI
5 T
é 4 5 — =
20 — = o= ]
- B B =\Weight
k' ‘\
10 2 3
— o
EERa= Qx_-in_:li;zrelr ._
L , Fuel T t
0 0 6 8 10 12

681

Time from powered descent initiation, min

(e) LM weight, oxidizer, and fuel remaining.

Figure 4.10-12.- Continued,




490

L i 1]
| i £ L
A HH - +
< -} 4=} -4 =
=
j5k1saa=tzas T . :
S8 5 EHERE
| S0 - i u EIT L
| | 1 L = -_ =3 -
Hell1l ¢ e ] 1 pdann
61 5 6 B e O ]
] l..._h o i 15 1T ..u_\ 1
A 2 P i i L HH
T 5 [T HB 0 i B T T
| ] _ AT _
. - S _\.\. i .._
= TR mE Il 5 el s R
4 ue ] i . 4
HER i L -t _
o B BE il ._ + .
- | 1 - - ... 1]
HE EpEEEEERNENN AL 1 _
i B %\ -
= B | =l

DPS throttle—+ High gate

T

600
500

23S ‘0b-03-3un |

12 14 16 18

10

Time from powered descent initiation, min

(f) Time-to-go.

Figure 4.10-12.- Continued.



LM altitude rate, fps

100

50

-100

-150

-200

Time from powered descent initiation, min

(g) LM altitude rate.

Figure 4,10-12,~ Continued,

| ] 7 AL
—Hy N () HYH
T I [ E
DPS throttle-++High gate++tLow gate—-Landing
HH
L1 imE
Vertical
d'es:c:nt
.
r
v
4
rd
i
I
o
Y
6 8 . 10 12 14 16

18

161



Altitude difference, Ah, ft

500

chH-%

A =
i 1]
aiiEr
0 W=
i
f
-500
|
N 1
-1000 T
. Ver
-1500 ; descent
] ! 11 E E
DPS t-Hrott_Ie-——-High gate Low gate—
=2 |
_2000 i 1| [ ]I i I 1 I
0 2 4 6 8 10

Time from powered descent initiation, min

(h) Altitude difference.

Figure 4.10-12.- Concluded.



Engine pitch and yaw gimbal angle, deg

4 6 8 10 12

Time from powered descent initiation

(a) Engine gimbal angles.

Figure 4.10-13.- Time history of attitudes from PDI to landing.

i i ]
T =
DPS throttler1 High gater1-Low gater1- Landing
1 HHHH
Vertica
descent
i
Bitch gimbal ang
= ;
: i
Yaw gimbal angl
] T
i 1 ]
1 I 1 |
14

lé

6=t



b9k

<t
2 o
S << Sl
p==RARY) (O] m TLE ‘\_1
e g et LA
LTS 8 FHUA
= 1> o ! 1
(=] {1t f -1
-
=
(=]
H-HH S -H
@
-t
]
o
|- A .- = R .
oo w
L. 1 - { -+ RIS RS +4- 4414
s ] AT T o ]
i . b . 4 1 pob—| -4
@ ] / E ;
B
£
S H
-
% N ]
o e -
T / 1] i
4+ 4
A L1} jd ]
= HE =1
= E T 5 &
y R
= g i |
14
N s
o o o o =) o
o o © 0 < N
— -
Bap ‘yy| ‘9)bue jequilb sauul wiojie|d
L | 1 ] ] 1 1
n = n o n o n
— — ! — 4.
Bap ‘yoA ‘9)hue jequith ajpplw wiojje|d !
[ 1 1 | 1
o = o o o
€0 o o 0
— — i —
+ | +

Bap “yyQ ‘bue |equuih 1a3no wioge|d

12 14

10

Time from powered descent initiation, min

(b) Platform gimbal angles.

Figure 4.10-13.- Continued.



FDAI yaw and roll angles, deg

[}
=

FDAI pitch, deg

120

100

80

60

40

20

T T . Sae;
il ] T 8 W
DPS throttle-++High gate - Low gate——Landing
| P
Vertical
descent
o[
Ya
LY
i Ns=tPitch:
6 8 10 12 14

Time from powered initiation, min

(c) FDAI angles,

Figure 4,10-13 .- Continued.

16

S6-t



S-band antenna elevation angle, dey

%6~

140 B TR ] Eneazhasasaaussmansian SSEasszaaaaa:
I i 1 i I T i
17 T i 1 | SEE ] 1
1 T 3 DPS throttle - High gate}-}+Low gate -{Landing
SEafssseaiacs i S '
120 BHHT 5
siln A\Vertica
a descent
100 |-
80 F=+
1
=
o
SSEEEEE .
60 [ 1 ]
4 1 1
i : !
i
EEEE — .
40 5} . i
S i !
1'%1 L Elevation S-band angle =the angle between [T
LES i ] | T T the projection of the earth LOS into the £
20 ks 1 RE N i I - - antenna mounting plane and the +Z body axis, [ ]
e e T L ! . e “ with positive angles measured toward the +Y [T
-—PV' T 4 . ! S SR EREd BEm and +X body axes, where the mounting plane
Bt I Eaawen . ! - - S passes through the Z body axis and 45° 1
| SO8aReas :xi.!"_f.l - i ‘ e between the +X and +Y body axes —
BT HHH Tt T T
0 2 4 6 8 10 12 14 16 18 2

Time from powered desc2nt initiation, min

(d) S-band antenna elevation angle.

Figure 4.10-13.- Continued.



S-band antenna azimuth angle, deg

-10

Time from powered descent initiation, min

(e) S-band antenna azimuth angle.

Figure 4,10-13, - Continued,

1 ] IR

= 1 1 111

N I ] I

Y I I i

DPS throttle++High gatet+-{Low gate[-Landin
I i I{
ertical
descent
-\ 1
s
i
e

(1] T |} T
L {Azimuth S-band angle = the angle between
[ [the earth LOS and the antenna mounting plane,
[ Tlwhich passes through the Z body axis and 45°
[“between the +X and +Y body axes, with
[ [|positive angles measured toward the +Y body
1]axis

T T T I T T T T T

T T T T T T T T T T T
0 2 4 6 8 10 12 14

16

L6~



Pitch gimbal, deg

40 20 0 -20 -40 -60

60

498

Yaw gimbal, deg

(=] o
N <
7

(LA

G

U
7
Y

N

240 220 200 180 160 140 120 100 80

PDI minus

PDI

PDI plus
7 min

3 20° acquisition guard band

—

PDI plus
|10 min

T;

Landing

bap ‘|equib meA

40 20 0 -20 -40 -60

60

240 220 200 180 160 140 120 100 80

Pitch gimbal, deg

(f) S-band gimbal angle profile,

Figure 4.10-13.- Continued.



Rendezvous radar elevation angle, deg

100

80

60

40

20

Time from powered descent initiation, min

(g) Rendezvous radar elevation angle.

Figure 4.10-13.- Continued.

S
| | | 1 ! | | |
: S Tl 1
it 1 i 1 1 1 i i
1 B E IEEEE
DPS throttle++High gate +++Low gate—Landing
HHHH
EE1d
Vertical J
descent O
E
T rt
\ 1
=
\ 1
>
LN i
.t | I' 1 i f MBI I
i H 1 1 I I T T
. i i i | I 1
6 8 10 12 14 16 18

66-1



4-102

460 X 10°

o —
1

W ‘a)is buipuej anoge apnjiyje ulela]

%
\ §
EERNEE
- 7 ]
N
) EEEEN
tH
o
4 ..V_ | -
I 8
m = il
B
w [
A i r -+
- S o
o HH
[ ]
2 B u
H++H o
BE N S
] HE I
-}
'J m -
= A EER
= :
N
T & EEREE 8
] EEE i -
H s FHH
I RERas
EEER - 1 HH
S SHEREE W Fa=-H]
- o
-} = H
T 111 (1] J o
(1] m SEED 1 =14 i
[=1]
11 o~ A4 fdd
5 N s aREE 1T 1
pe SEEENS I .r”...i.”w.m...-.l_.. H
B -~ ™1 . =TT 1
HIE
1= i i
pEE m i MJM“‘ .W... b
y, HE A0t i ”m 1 W | .Wﬁ
; . 5 g
_ LR s
g 1 1 -
1 HEE i
1] " et
BE EERE [ .:..HJ...
S A HIE .._...THW. =
— — s
x m x ] .vn i JH 4 L. .._ .+,_.. -
o~ — o~ o~ — o —

80 100 120 140 160 180 200 220 % 103

60

20

-20

Surface-range-to-go, ft

{b) Terrain altitude.

Figure 4.10-14. - Concluded.



Altitude above landing site radius, ft

60 X 10 . I T : —
-+ i_ !
50
' = %
40
7 i 1
30 ZFDPS throttle f
& i
— I
20
>
10 F = _~High gate
NIF T Mean lunar radius
- I
T - 1 E ! | l_! |
HH E=a = =Low gate
P = |ibFLanmng:j:
0 | 1 | AN
-160 -140 -120 -100 -80 -60 -40 -20 0] 20

Altitude rate, fps

Figure 4.10-15.- LM altitude above landing site radius versus altitude rate from PDI to landing.

cot-t



Elevation angle, deg

+180

150

100

50

-50

-100

-150

1180

Phase angle, deg

4-104

?° M FEFFFEEEF T,
e HH 1 H  LM-CSM elevation angle
M= CSM
20 Ama.
u LF_"? harizontal|
Elevation angle HH L
15 :
N s L
M, it
A
10 : y
M -
Phase angle FH
5 . HHHH s
P,
EEE _ i
0 —+ ._; :
- F N _
-5 - J— ;
N -
Tt 1]
N-{Landing:
-10 ' _i_
« ITX
\ ]
B & i 8 b
i
4 NRNTH T : ica
28 DPSfI l,u.h?__i [ J’llglhlg alte Low qﬁiflde;ceqt
EELEEE 4 e ] IR
LT 8 5
-20 S .
0 2 4 6 8 10 12

Time from powered descent initiation, min

(a) Phase angle and elevation angle,

Figure 4,10-16,- LM-CSM relative parameters from PDI| to landing,



Range rate, fps

8x10° 350 i ;

CoOT-h

! t 1 T T .
: I I ; ! 1
'f T HI B SESRaE
DPS ruli:e H gh gatE‘-—-—-LBW gatE“‘—‘ Landll’g 1 I
| LS
6 |- 300 Vertical
descent | i
1 I
Ft-—Range rate
- 1
4 - 250 f" .
1.3 i |
I
= Range
- | ) -
2 = S 200 5
g ri T+
=
<
o I
pmgy angelm...;- :
0 150 - :
 emeeT = 7
Range ]
i
i £ !
-
-2 100 d
N y
s 1
b 50 an : j
0 2 4 6 8 10 12 14 16

Time from powered descent initiation, min

(b) Range and range rate.

Figure 4.10-16.- Concluded.



LM altitude above landing site, ft

Surface range to landing site, ft

Figure 4.10-17. -LM altitude above landing site surface during approach and landing.
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4.11 First CSM Lunar Orbit Plane Change (LOPC-1)

Approximately 32 hours 24 minutes after LOI-1, the CSM performs a
plane change to place the LM in the CSM orbital plane at the time of IM

lift-off. The maneuver is performed approximately 2.75a revolutions after
LM landing. The target load for the maneuver is presented in table 4,11-T.

The burn characteristics are the following.

Burn initiation

Time, hr:min:sec, g.e.t. e o' v v & @ % e 115:53:24.7
Mass, 1b . . . . . N 36 038.4
Altitude above LLS; n. mi. . . . « + +« « & &« 4 & 63.0
Selenographic latltude, deg . . . ¥ % % G @ % e 14,1
Selenographic longitude, deg . « +« « « « & &+ + . T6.4
Velocity, fp8 .+« « v v v o « « . e e e e e 5328.5
Perilune altitude above LLS, n. mi. . . . . . . 56.4
Apolune altitude above LLS, n. mi. . . . . . . . 63.0

Burn cutoff

Time, hr:min:sec, g.e.t. . « v ¢« v ¢« & » « & « « 115:53:44.7
Altitude above LLS, n. mi. . . . . + +« « « + . . 63.0
Selenographic latitude, deg . « « +« « +« « & « & -14.2
Selenographic longltude, deg « « « w e v w e e 75.3
Velocity, fps . . . . e e e e e e e e e e e 5328.5
Burn duration, sec . . . . . 0 0 4 0 0w e 20.0
Inertial burn arc, deg « « « & « + & &« & & & + 1.0
Plane change, deg . « + « « &« « & « « o o + + & 4.0
AV, fpS . . . . S e e e e e R e d s N 372.7
SPS propellant used T  E 1303.6
Orbit period, hr:min:sec . . .+ v « &« « o + o o 1:58:40
Perilune altitude above LLS, n. mi. . . . . . . 56.4
Apolune altitude sbove LLS, n. mi. . . . . . . . 63.0

aThe time for the maneuver has recently been changed to 4.75 revolu-
tions after LM landing.
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- TABLE 4.11-I.- TARGET LOAD FOR FIRST LUNAR ORBIT

PLANE CHANGE MANEUVER (LOPC-1)

[Propulsion system: SPS; guidance: external AV]

(a) Target
tIG’ hr:min:sec, geebs o 5 & % s @ S W@ & o b 115:53:24.7
AVX, o - A R T -13.0
AVys TPS « v v v i e e 372.4
Ay T8 « o o o & swiwm® o 5 § 4 & & 4 @ s 0.0
Weight, 1b . ¢ . @ 5 & @ @ F @& & § 5 & o @ 1o o 36 038.4

(b) REFSMMAT

Refer to table 5=V
(¢) Gimbal angles at tog

IGA, deg « « % o 5 Gl fo & & & ¥ ¥ & 5 o @ % oa i 3.0
MGA, dEZ « « « v v v e e e e e e e e e e e -1k

OGA, AEE + « v v & o v o o e e e e e e e e e 0.1
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h,12 IM Ascent

LM ascent begins after a lunar stay time of approximately 32 hours.
Time of LM lift-off is determined primarily by the LM-CSM phase require-
ments for rendezvous. A sketch of the powered ascent phase is shown in
figure 4.12-1. The powered ascent is divided into two phases. The first
phase is the vertical rise phase which is required .for the ascent stage
to achieve terrain clearance. A description of trajectory parameters
and vehicle attitudes during the vertical rise phase and the transition
to the orbital insertion phase is shown in figure 4.12-2. Guidance
switches to the orbital insertion phase for radial rates greater than
Lo fps, but because of DAP steering lag the pitchover does not begin until
a radial rate of approximately 50 fps is achieved. This means the ver-
tical rise phase is actually terminated at 10 seconds after lift-off.
During the vertical rise, the LM Z-body axis is rotated to the desired
azimuth which is normally in the CSM orbital plane.

A description of the orbital insertion phase is shown in
figure 4.12-3. Included is a description of total ascent phase perform-
ance, insertion orbital parameters, and onboard displays at insertion.
The onboard display values reflect LGC estimated values. Yaw steering
is used during the orbital insertion phase, if required, to maneuver the
LM into the CSM orbital plane or into a plane that is coplanar with the
CSM orbit. In the nominal case, no yaw steering is required. A ground-
track for the LM and CSM during LM ascent is shown in figure L.12-4, 1IM
ascent weight and events summaries are shown in tables 4.12-T1 and 4.12-IT,
respectively. The target load is shown in table 4.12-ITI.

Time histories of important LM trajectory and attitude parameters
are shown in figure 4.12-5, An altitude/altitude rate profile is shown
in figure L4.12-6.

Because +X-axis RCS thrusting is used for attitude control during
LM ascent, the effective thrust, flow rate, and specific impulse must
include effects of both APS and RCS thrusting. Time histories of these
effective combined APS and RCS parameters during LM ascent are shown in
figure 4.12-7. 1In the IM ascent propulsion performance summary
(table 4.12-IV), the effect of combined APS and RCS performance is il-
lustrated as a function of time. (APS interconnect is open during LM
ascent; all propellant is assumed to come from the APS tank.) A LM weight
history is presented in figure 4.12-8. Note that the data do not include
the effects of nonpropulsive consumables loss during ascent.

Time histories of LM-CSM relative parameters are shown in
figure 4.12-9. LM-CSM relative range data are shown in figure 4.12-10,
and the LM-CSM range/range rate history is shown in figure L.12-11. IM
S-band elevation and azimuth angles, LM S-band antenna angle profile, the
CSM-LM-earth, and CSM-LM-sun angles are shown in figure 4.12-12.
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TABLE 4.12-I.- LM ASCENT WEIGHT SUMMARY
Weight of IM crew, inert weights, consumables,
and unusable APS propellant, 1lb . :
Tanked APS propellant, 1b . . « . . « . « - &
Total weight of ascent stage, 1b . . . .

Net off-loaded weight on lunar surface, 1lb

Total ascent stage lift-off weight, 1 . . . . . .

5 568.0
5 222.6
10 790.6
-127.2

10 663.4



TABLE 4.12-II.- LM ASCENT EVENTS SUMMARY

Time, Propulsion Burn i
Event hr:min:sec, system time, AV, fps Welght Propellant,
1b 1b

g.e.t. sec

IM lift-off 142:0k:37.125 aps? 0.0 0.0 10 663.L40 0.0

End vertical 1h2:0Lk:47.125 APS® 10.0 108.03 10 548.05 115.35

rise
IM insertion 1h2:11:47.720 Aps® 430.59 6049.05 5 802.45 4860.95

aCom.bines APS and +X=axis RCS.

LTT~H
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TABLE 4.12-ITII.- TARGET LOAD FOR LM ASCENT

[Propulsion systems: APS, RCS; guidance:

orbit insertion (P12)]

(a) Target

tog (lift-off), hr:min:sec, g.e.t. . .

RD (desired inJection radius), ft . . .

ia; (desired injection cross-range

distance), ft « v o o & v 4 4 4 4 e e o4 . .

Ry (desired injection radial velocity), fps

YD (desired injection cross-range

velocity), fPS v v v v v e b e e e e

ZD (down-range velocity for desired

injection), fPs « .« « « v v 4« o . .

Weight at tIG’ 1b . .« . .« &
(b) REFSMMAT
Refer to table 5-VI
(c¢) Gimbal angles at trg
IGA, deg wiw w & & & & o @& o ve 6 & e
MGA, deg % & 'a % & & & & & % & @ &

OGA, deg ¢ s s o o o % % s ' % o & s & s

142:0kLk:37.125

5 755 208.2

0.0

32.0

0.0

5535.62
10 663.4

0.3k49
0.0h4T
-0.868



TABLE L4.12-IV.- IM ASCENT PROPULSION PERFORMANCE SUMMARY

e [Gomléihed “APS and- RCS]

Time from

APS

Total

Event lif:;ccnff th;gst A ﬁ’? cee Rgirzgfcﬁve RC;, ei::‘\'i t’hi'gs:t‘_, ‘;,,T;’E?:gc : izg ,
IM lift-off 0 3486.91 11.18 78.62 0.37 3565.53 11.55 308.70
100 3448.56 11.08 62.32 .29 7| 3510.88 11.37 308.78
200 34L1.68 ° "~ 11.07 Lh 46 :21 3486.1k | :11.28 309.05
300 3h36:é0 11.08 22.65 a1 3458.85 % - Z‘l_l..19 309.10
IM insertion h30.5§ ,3kk2.68 19':-7_‘6 .09 1 3462.38 ) 11.20 309.1k

6TT~
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LM altitude rate, fps
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Figure 4,12-5.- Continued.
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LM thrust angle from local vertical, deg
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LM inner gimbal angle, deg
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4.13 Rendezvous Sequence

4,13.1 Sequence summary.- After insertion of the LM into orbit, the
LM will compute and execute the coelliptic rendezvous sequence which
nominally consists of four major maneuvers: CSI, CDH, TPI, and TPF. A
nominally-zero planhe change maneuver will be scheduled between CSI and
CDH, and two nomlnally—zero mldcourse correction maneuvers will be sched-
uled between TPI and TPF; the TPF maneuver is actually divided into sev-
eral braking maneuvers. The complete maneuver sequence is presented in
table 4.,13-I. All maneuvers will be performed with the LM RCS system
with either two jets or four jets of a prescribed quad for thrust vector
control. The entire maneuver sequence from lift-off through docking
requires approximately 3.5 hours.

Before detailed information is presented about each maneuver, some
general mission and trajectory design requirements for the rendezvous
plan are noted.

1. (ST will occur impulsively approximately 50 minutes after in-
sertion.

2. CDH will occur one-half period after CSI.
3. LM coelliptic Ah will be 15 n. mi. below CSM.
b, Time between CDH and TPI will be approximately 39 minutes.

5. TPI. will occur at the midpoint of darkness and on a LM-to-CSM
elevation angle of 26.6°.

6. Braking should occur in daylight; stationkeeping should begin
approximately 25 minutes after the vehicles enter sunlight.

The orbital schematic for the rendezvous sequence is presented in
figure 4.13-1. The time histories of range, range rate, phase angle,
CSM-LM elevation angles, and the CSM-IM-sun angles are presented in
figures 4.13-2(a) to 4.13-2(e). The relative motion of the LM with
respect to the CSM is shown in figure 4.13-2(f). The onboard tracking,
lighting, and mission events summary are presented in figure L.13-3 and
in table L.13-II.
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4h.13.2 CSI.- The purpcse of the CSI maneuver is to establish the
proper phasing conditions at CDH so that after the CDH maneuver is per-
formed, TPI will occur at the desired time and elevation angle. The
50-minute interval between insertion and CSI is required for LM RR and
CSM sextant/VHF ranging navigation, MSFN state vector update, and LM
platform realinement. The CSI maneuver will be scheduled approximately
50 minutes after insertion, 5.0 minutes prior to sunrise, and neminally
will place the LM in an orbit 15.0 n. mi. below the CSM orbit at the time
of CDH, one-half an orbital period after CSI. Should the CSM tracking
of the IM prior to CSI indicate that an out-of-plane situation exists,
an out-of-plane component designed to force a common node 90° after CSI
would be incorporated in the CSI maneuver. The characteristics of the
horizontal posigrade CSI maneuver which is performed with the +Z (two-
jet) RCS thrusters are as follows.

Initiation
Time, hr:min:sec, g.€.t. « & « & « &+ « & 143:01:25.3
Latitude, deg N . « « + + « & « &+ &+ + + » 5.8
Longitude, deg E . . . e e e e e 168.0
Altitude above landing s1te,

n. mi. . . T I 45.8

Phase angle, deg G e e e G T & W % 8.1
Burnout

Time, hr:min:sec, g.e.te .+ « « « « « « & 143:02:10.0

Latitude, deg N . . « « « « « « « « « + & 5.3

Longitude, deg B . . . C e e e e e 165.7

Altitude above landing 51te,

PR % . 45.9
Burn duration, sec R L Ly, 7
AV, fps . . . 4g.9
Propellant used lb e 7 o8 @R oW W o 31.9
Resultant ha/hp’ n. Mm% % % @ @i 5 5 & 3 L6.7/44.5
Catchup rate, deg/min . . . . . . . . . . 0.070

The CSI target load is shown in table 4.13-III.

4.13.3 PC maneuver.- A plane change, nominally not required, would
be executed approximately 29 minutes after CSI at the common node of the

CSM and LM orbital planes; this common node is forced by the CSI maneuver.

At the time of the PC maneuver, the out-of-plane velocity component would
be nulled to zero with a coplanar situation being established by the
Y-axis RCS thrusters. If a required plane change is not begun at CSI,
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the PC maneuver would force a common node at CDH, and the plane change
would be completed at CDH. The onboard IM and CSM tracking schedule and
navigation plan is resumed immediately after the CSI and PC maneuvers.

4.13.4 CDH.- Nominally, CDH will be a small burn performed with
the +X RCS (four-jet) thrusters and is designed to coellipticize the LM

orbit with the orbit of the CSM. If the CSM orbit were perfectly circular,

the CDH maneuver nominally would be zero; however, because of the simu-

lated 6°- by 59-n. mi. CSM orbit, a small CDH maneuver is required.

This

maneuver is performed with the +X thrusters so that radar lock-on at an
elevation angle of approximately 9° above the local horizontal will not
be disturbed. The burn occurs approximately 16.0 minutes before dark-

ness and places the LM in a coelliptic orbit 15.0 n. mi. below the CSM.
The characteristics of the CDH maneuver are as follows.

Initiation

Time, hr:min:sec, g.e.t. .+ + « + « « « . 1k
Latitude, deg S . . . « . ¢« « + . .
Longitude, deg W , , . .
Altitude above landlng 51te,

n, mi. . . N RN
Phase angle, deg

Termination

Time, hr:min:sec, g.e.t. . « « + & « « . 14
Latitude, deg N . . . . . . . « « . .
Longitude, deg E . . . . .

Altitude above landing site,

n.mi. . . . .
Burn duration, sec
AV, fps . . . s 4 % o8 w e e e

Propellant used lb W -
Resultant ha/hp, n.mi. . + « « v .« . .

Catchup rate, deg/min

3:59:51.8
5.6

13.5

Ly, 6

2.0

ER

2.9
45.3/4L .4
0.072

After the CDH maneuver, the LM maintains the RR track attitude and

continues to track the CSM. Meanwhile, the CSM is also following the
navigation plan with SXT/VHF tracking of the LM. The CDH external AV

target load is presented in table L4.13-IV.
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4.13.5 TPI.- The TPI maneuver, executed with the +Z RCS (two-jet)
thrusters, is initiated on a 26.6° line-of-sight elevation angle to the
CSM. The AV vector is approximately along the line of sight to the CSM.
The maneuver occurs approximately 39 minutes after CDH and approximately
23 minutes before daylight. The Lambert targeting for this maneuver is

based on a 130° CSM central travel angle between TPI and TPF. The target
load for the TPI maneuver is presented in table 4,13-V. The charac-

teristics of the TPI maneuver are as follows.

Initiation
Time, hr:min:sec, g.e.t. . « « « « « « « . 1hL:38:56.1
Latitude, deg@ N « -« « « o « v « & + = & o & 14.2
Longitude, deg W .+ « +v « v v o o o & o+ & = 134.8
Altitude above landing site,

N Mie v v v v e e e e e e e e e e e Ly,1

Phase angle, deg . « « « « + + &+ + & 4 s . 1.7
Termination

Time, hr:min:sec, g.e.t. . « + « +« » . . . 1bl4:39:18.2

Latitude, deg N 1.2

Longitude, deg W « v + 4 & & & o o o o + 136.0

Altitude above landing site,

De MI. v v o & « o« o « v v & % ® 1 W Ly,1
Burn duration, sec . . .+« « ¢ o o« 4 e . 4 22.2
AV, fps 24.8
Propellant used, 1b . « « « + + + + & « + = 15.8
Resultant ha/hp, n.mi. . . . §§ % § @wws 61.9/43.8
Catchup rate, deg/min . . . « . « « « « + 0.033

4.13.6 Midcourse corrections and TPF.- The LM RR tracking and CSM
sextant and VHF ranging will resume approximately 4 minutes after TPI
and will cease approximately 4 minutes prior to MC-1. MC-1l is scheduled
15 minutes after TPI and is nominally zero. LM RR tracking and CM
sextant and VHF ranging begin again approximately U4 minutes after MC-1
and end approximately 3 minutes prior to MC-2 which occurs 30 minutes
after TPI and is also nominally a zero maneuver. The terminal phase
braking schedule performed with the two-jet -Z RCS thrusters is presented
in table 5-XVII. Line~of-sight corrections will be made as required.
Final approach and stationkeeping should accur at approximately

d..h.,,m s
601 24730.5" g.e.t., approximately 25 minutes after the vehicles enter
sunlight on the backside of the moon. Docking should begin at approxi-

mately 6dOlthmOOS g.e.t. to complete 3.5 hours of rendezvous activities.



TABLE L4.13-I- RENDEZVOUS MANEUVER SUMMARY

Resultent
Time, Propulsio Burn Total Weight at Propelis.nt orbitb Range at Range rate
Event day:hr:min:sec, system i time, AV, ignition, used ', ha/h , cutoff, at cutoff,
g.e.t. 4 sec fps 1b 1b n mf n. mi. fps

CsI 5:23:01:25.3 RCS +Z (two-jet) bl 7 k9.9 5802.4 31.9 46.7/4k.5 1k0.1 -107.7
pc® 5:23:30:37.6 RCS +Y (two-=jet) 0.0 0.0 5770.5 0.0 L6.7/4k.5 122.1 -104.5
CDH 5:23:59:49.9 RCS +X (four-jet) 2.0 L.y 5770.5 2.9 45.3/kh .4 T7.5 -119.7.
TP1 6:00:38:56.1 RCS +Z (two-jet) 22.2 2L.8 5767.6 ' 15.8 61.9/43.8 32.2 -133.0
Mc-1€ N 6:00:53:56.1 |° RCS *Z (two-jet) 0.0 0.0 5751.8 0.0 61.9/43.8 1h.7 -96.2 - -

] _ . -
Mc-2°¢ 6:01:08:56.1 . RCS *Z (two-jet) 0.0 0.0 5751.8 0.0 61.9/43.8 ' 45,3 \\g
First braking 6:01:20:15.1 RCS -Z (two-jet) 10.7 12.0 5751.8 7.6 60.9/49.1 0.4 <19.T:
' maneuver ,
Second braking 6:01:21:28.3 RCS -Z (two-jet) 8.7 9.8 574k .2 6.3 60.3/53.9 0.2 " 9.8

mapneuver
Third braking 6:01:23:06.7 RCS ~Z (two-jet) 4.3 5.8 5737.9 3.0 60.1/56 .5 0.08 4.9
. maneuver .
Fourth braking 6:01:24:26.3 RCS -Z (two-Jet) .1 .7 5734.9 3.0 60.0/59.2 0.01 -0.2
maneuver

Docking 6:0L:40:00.0 . _— - 5731.9 : - 59.9/59.1 0.0 0.0

i a_Estimates for completing consumables document will present official propellant usage. Slight changes caused by rigor of
analysis are expected.

bAlt:i.t'.udes measured above landing site.

chminally a zero AV maneuver.
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TABLE 4.13-1I.- MSFN TRACKING
AND SHADOW TIMELINE

Time,
Event day:hr:min:sec,
g.e.t.
Insertion 5:22:11:47.7
Sunset 5:22:15:26.5
MSFN LOS 5:22:31:41.2
CsI 5:23:01:25.3
Sunrise 5:23:12:12.0
MSFN AOS 5:23:19:29.9
PC 5:23:30:37.6
CDH 5:23:59:49.9
Sunset 6:00:10:31.7
MSFN LOS 6:00:28:32.1
TPI 6:00:38:56.1
MC-1 6:00:53:56.1
Sunrise 6:01:08:25.7
MC-2 6:01:08:56.1
MSFN AOS 6:01:14:37.6
First braking maneuver 6:01:17:4k4.5
Second braking maneuver 6:01:20:15.0
Third braking maneuver 6:01:21:28.3
Fourth braking maneuver 6:01:24:26.7
Docking 6:01:40:00.0




L-161

TABLE L4.13-III,- TARGET LOADS FOR CSI MANEUVER

[Propulsion system: RCS; guidance: external AV]

(a) Target

tIG’ hr:min:sec, g.€.be i i v w8 o ® % T @ 143:1:25.3

AVes TPS « v v v v v s e e e e 49.9
AVY, TPS o w woom o mm 8 % m oe e e e w8 e e 0.0
AVos TPS ¢ o v v o o o v b o e e e e e e 0.0
Weight at t;., 1b . . . v . v v v v o v o . 5802.4

(b) REFSMMAT

Refer to table 5-VI

(c) Gimbal angles at t

IG
IGA, deg . . & & = @ @@y & & & @ % C e e e 191.2
MGA, deg . . & 5 % @ W @ %@ & 5 & % & % & e e 0.0

OGA, dEE « v + v + v v v e e e e e e e e e e e 0.0
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TABLE 4.13-IV.- TARGET LOADS FOR CDH MANEUVER

[Propulsion system: RCS; guidance: external AV]

(a) Target

t1g» briminisec, g.est. . . . .. ... .. .. 1U3:59:149.8

AVX, Ips @ e v 5 5 5 ¢ 4 B @ ¥ ¥ B ¥ § & =2.0
AVY, PSS . mmwww o & 5 % 2 % @S FWE T 5 ¥ 8 @ e 0.0
AVos TPS o v vt e e e =4.0
Weight at brgr 10« v oo s 5770.5

(b) REFSMMAT

Refer to table 5-VI

(¢) Gimbal angles at t1a

IGA, deg wie @ o o & o « @ ‘wowiiom & o o o 8 s 38.4
MGA, AEE + « «  « o o o et e e e e e 0.0

OGA, A€Z « v « & & & « s & & s & s & & & & s ow s 0.0
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TABLE 4,13-V.- TARGET LOADS FOR TPI MANEUVER

[Propulsion system: RCS; guidance: external AV]

(a) Target
trge hriminisec, geest. ... o w e 144:38:56.1
AVX’ fps . - - L] L L . - - . . - - L] - - . L L] . 2200
AVY, PSS v v v v e e e e e e e e e e e e e s 0.1
AVZ’ fpS . . . . - . . . . . - - . . " . . . . - -llcl
Weight at tr.o 1b . o v v v v v v e 5767.6
(b) REFSMMAT -
Refer to table 5-VI
(¢) Gimbal angles at tIG
IGA, deg '+ « o 4 & § o 5 & & B ® .4 & & & & % § % 276.5
MGA’ d.eg Y . . . . . . . . . . . . - . . . . . . —0.1

OGA, deg + +v « &« 2 o = & & & o & « & « & « « o -0.2
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-------------- Rendezvous radar tracking
o o e MSFN tracking

CSM parking orbit B e

-+—Sun

%,
& 7/
ﬂ“'ﬂlwaﬂ“’é

Earth

Event Timeé.h;fr:'in:sec Event Time,gf]:‘rr;i.n:sec

Lift-off 147:04:37.1 7. MC-1 144:53:56.1
. LM insertion 142:11:47.7 8. MC-2 145:08:56.1

Csl 143:01:25.3 9. Begin braking 145:17:44.5
. PC 143:30:37.6 10. Begin stationkeeping 145:24:26,7

CDH 143:59:49.9 11. Docking 145:40:00.0

TPI 144:38:56.1

Figure 4.13-1. - Orbital schematic of ascent through docking.
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4,14 LM JETTISON AND SEPARATION TO TEI M
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4.14 IM Jettison and Separation to Transearth Injection

Docking occurs at approximately ththm g.e.t. After equipment
transfer and decontamination procedures, the LM is jettisoned at

lh7h2lm g.e.t. The CSM is pitched up U45° with respect to the local
horizontel for the LM jettison. The CSM separates from the LM by
performing a -X RCS translation of 1.5 fps in the inertial jettison

attitude.® The target load for this separation maneuver is shown in
table 4.1L-T.

An 8.5-hour crew rest period is begun at lh9h30m g.e.t. The rest
period is ended in revolution 38 at approximately 158h00m g.e.t. A plane

change is performed in revolution 39 at 159hl3m53-lS g.e.t. The plane
change, which is an SPS burn of 360.1 fps, results in an orbit that passes
directly over Descartes and Fra Mauro two revolutions later. The target
load for the LOPC-2 maneuver is presented in table L4.1L4-II.

Photography and landmark tracking are performed during revolutions
Lo, L1, 42, 43, and L4, The TEI maneuver is performed in revolution 46

at 17hh2hmh7.85 g.e.t. The lunar orbit groundtrack from the CSM plane
change after LM jettison to TEI is shown in figure L4.1L-1.

a'The IM Jettison has now been moved to lh8h00m g.e.t. or 39 minutes
later. The LM will be Jettisoned in an inertial attitude and a retro-
grade burn can be made during the following revolution at 63.7°E longitude
so that the ascent stage could be made to impact the moon near the landing
site if headquarters approves such a procedure.



L-176
TABLE 4.14-I.- TARGET LOAD FOR CSM SEPARATION

MANEUVER FOLLOWING LM JETTISON®

[Propulsion system; CSM RCS]

(a) Target
t1g» hriminisec, g.e.t. . . ... . 147:21:26.8
AVoiy £DB o « o « o o G ivi s & 5 5 6 5 % 9 3 -1.0607

X
AVyy TDB « o o o o 4 wimim m b b e s e e 0.0
1.0607

AVZ, fps . + . . o .
Weight, 1b o « « v & &« & « & o & & o = 3 oT.

(b) REFSMMAT

Refer to table 5-VI
(¢c) Gimbal angles at tig

IGA, deg « « « & & & 4 o« 4 s s e waaw 70.0
MOA, deg & 5 § 2 5 & Fm s & £ 5 & & & & 0.0
OGA, deg « « « « v v & o v v v v s e e e e -0.1

%The LM jettison has now been moved to 148%00™ g.e.t. or 39 minutes
later. The IM will be jettisoned in an inertial attitude and & retro-
grade burn can be made during the following revolution at 63.T°E longitude
so that the ascent stage could be made to impact the moon near the landing
site if headquarters approves such a procedure.
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TABLE L4.14-IT.- TARGET LOAD FOR SECOND LUNAR
ORBIT PLANE CHANGE.MANEUVER (LOPC-2)

[Propulsion system: SPS; guidance: external AV]

: (a) Target
tIG’ hr:min:sec, g.e.t. .« « « « « . . . . 159:13:53.1
AVys TPS © v v v v v s e -8.1
AVY, o 297.1
AVZ, TPS v i st % o & & 5% Wiveenwm oW & B o5 & ‘e s 0.0
Weight, 1b . & & 3 2 @ s & $ @@ & 5 5§ 5 & & 34 800.5

(b) REFSMMAT

Refer to table 5-VII

(¢) Gimbal angles at t

IG
IGA, deg 5 e o o & ¥ & 4% % w W w6 ¥ 85 & 4 2.9
MGA, deg w wi oo o o o @ @ 'nww e & & & b -1.2
OGA, deg . v v v v v v v e e e e e e e e 0.1
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4.15 Transearth Injection

The TEI maneuver occurs 3d18h50m

after LOI-1.
targeted for a TO~hour transearth flight time.

The burn was
A time history of the

trajectory parameters during the burn is presented in figure 1.15-1.
The transearth injection geometry is shown in figure 4.15-2,

For the TEI burn, the IMU is alined to the preferred REFSMMAT.
The target load is presented in table L.15-I.

The characteristics of the burn are the following.

TET burn initiation

Time, hr:min:sec, g.e.t.
Mass, 1b . . . . . .
Altitude above LLS, n. mi.
Selenographic latltude

deg .

Selenographic longitude, deg

Velocity, fps

Selenographic 1ncllnat10n deg
Perilune altitude above LLS, n. mi. . v
Apolune altitude above LLS, n. mi.

TEI burnout

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

Altitude above LLS, n. mi.

Selenographic latitude, deg .

Selenographic longitude,
Velocity, fps . « « . .

Selenographic inclination, deg

Burn duration, min:sec .
Inertial burn arc, deg
Plane change, deg . . . .
AV, fps . . . . .
SPS propellant used lb

deg

Perilune altitude above LLS, n. mi.

17h:24:47.8
33 754

60.6

9.2

-175.0
5341.3
167.0

57.1

62.2

17h:27:

8427.0
168.4
2:17
8.8
2.0
3113
89L2
60.1
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TABLE 4.15-I.- TARGET LOAD FOR TEI MANEUVER

[Propulsion system: SPS; guidance: external AV])

(a) Target
tIG’ hr:min:sec, g.€.5. +« o« « o o o « + « s 17h:24:47.8
DVyy DS « 0 o e e 3092.9
BVGs TPS o v v v v o v e 296.6
AVgy TDS 0 o v o o v o v m e -195.6
Weight, 1D v v « v o v o o 2 o s o 0 & s & = 33 75k4.3
(b) REPSMMAT
Refer to table 5-VIII
(c) Gimbal angles at t
IG
IGA, deg + « + + + 4 o s e e w e aw e a s 3.0
MOA, deg & 5 5 5 & % Siw @i ¢ § 5 8 & % wowww s =11

OGA, g « « « « + + o o v o & = 4 4w 4w e s 0.1



Altitude, h, n. mi.

65—

64

63

62

61

60

59

58

Flight-path angle, y, deg

- Velocity, V, fps

10 X 10
9
V—\\
8 2:7
e -
= L/
7 /*/ 4
| /////
6 Vel .// ////
elocity =
- /,///
5 /
Flight-path angle P el
4 ///
Altitude
3 c -
00:00 00:30 01:00 01:30 02:00 02:30 03:00

Time from TEI burn initiation, min:sec

(a) Velocity, flight-path angle, and altitude versus time from TEI burn initiation.

Figure 4,15-1.- Time history of trajectory parameters for transearth injection,

€8T N



Pitch and yaw, deg
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(b) Local horizontal pitch and yaw versus time from TEI burn initiation,

Figure 4,15-1.- Concluded,
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0° selenographic

longitude

Position of earth
at TEI
Longitude = 5.1°

Position of sun
at TEl
Longitude = 29 .2°

Figure 4,15-2 ,- TEI geometry.

TEI initiation

Altitude = 60,6 n, mi.
Velocity = 5341 fps
Longitude = -175°
Latitude = 9.2°

TE! cutoff

Altitude = 64,6 n, mi,
Velocity = 8427 fps
Longitude = 176.2°
Latitude = 7.8°

Plane change = 2.,0°
Burn arc = 8 .8°
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4,16 Transearth Coast

A groundtrack of the transearth coast phase is provided in
figure 4,16-1. Altitude above the moon is shown for the first 10 hours
of coast in figure 4.16-2. The altitude time history for TEI to entry
is shown in figure 4.16-3. Three midcourse decision points have been
defined for the transearth phase.

a. MCC-5, TEI plus 15 hours
b. MCC-6, EI minus 22 hours
c. MCC-T, EI minus 3 hours

The maneuvers will be targeted for corridor control only. The
midcourse strategy, which includes the threshold values for each maneuver,
is contained in reference 2. Altitude is plotted against time for the
last 10 hours of transearth coast in figure L4.16-k,

The SC remains in the lunar umbra during the entire TEI burn, enters
sunlight approximately 6 minutes after cutoff, and remains in sunlight
until entry.

Passive thermal control will be maintained during most of the trans-
earth coast phase. The PTC REFSMMAT (table 5-IT) will be used for
MCC-5 and MCC-6; the entry REFSMMAT (table 5-IX) will be used for MCC-T.
The CM/SM separation occurs approximately 15 minutes prior to entry.

The SC is acquired by MSFN approximately 10 minutes after TEI
cutoff, and the last station to lose signal is Honeysuckle (5° minimum
elevation) which loses signal at 2hhh23m27S g.c.t. or approximately

3 minutes prior to entry.

The primary trajectory parameters at entry interface are the
following.

Time, hr:min:sec, g.e.t. . . . + « « « . . . . 24h:26:36.0
Transearth coast time, hr . . . . . . . + « « . TC
Inertial velocity, fPS « v & « v v v v v o o W 36 128.8
Altitude, n. mi. . . ' e e e e 65.8
Inertial flight-path angle, deg B S -6.5
Latitude, deg . . = « « « . . o s w e e e -18.7
Longitude, deg . . . « v v v v v v 4w uw . 172.8

Equatorial inclination (ascending), deg . . . . 18.8
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Selenographic altitude, h, n. mi.
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Figure 4. 16-2. - Altitude time history during the first 10 hours of transearth coast.
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4,17 Entry

The entry phase of the operational trajlectory 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 bh.17-1.

At the nominal BT, 2uLPo6™36% after lift-off, the CM is at an alti-
tude of 400 095 feet, and the coordinates are 18.659°5 geodetic latitude
and 172.75°E longitude. Inertial velocity, flight-path angle, and azimuth
at this point are 36 128 fps, 6.50° below the local horizontal, and 86.70°,
respectively. The gimbal angles are as follows: Yaw = 0°, pitch = 153°,
roll = Q°.

A plot of the CM maneuver footprint and the nominal ground trace on
a map of the entry area are presented in figure 4,17-2. The footprint is
extended to a 3500-n. mi. entry range. The nominal touchdown target lo-
cation is 1285-n. mi. down range from the EI position, and the coordinates
of the target are 165°W longitude and 16.04° N geodetic latitude. A se-
quence of pertinent events i1s given in table 4,17-I and includes the
periods of communications blackout which occur along the trajectory. The
guidance phases are shown in figure 4,17-3, which shows altitude as a
furiction of range to the target. Time histories of the bank angle com-
manded by the guidance system, of the altitude rate, and of the altitude
are presented in figure 4.17-4. Time histories of the total heating rate
and the total heat load are presented in figure 4.17-5. The maximum total
heating rate is 286.7 Btu/ft?/sec, and the total heat load is
26 344 Btu/ft2. Time histories for inertial and relative velocity and
flight-path angles are presented in figure 4.17-6.

The CM RCS used 11.55 pounds of propellant for the separation and
attitude hold maneuvers before the spacecraft reaches 400 000 feet. The
RCS used 30.7 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 is presented in figure 4.,17-7. 1In figure L4.17-8,
the altitude is plotted in relation to relative velocity, and the boundary
for S-band communication blackout is shown (ref. 6). Time histories for
the primary DSKY displays, commanded bank angle, inertial velocity, and
load factor are shown in figure 4.17-9. The load factor at the c.g.
reaches a first maximum of 6.26g and a second maximum of 5.55g. Time
histories for the final phase DSKY displays, commanded bank angle, cross-
range error, and down-range error are shown in figure 4.17-10.

The drogue parachute deployment sequence begins at an altitude of
23 300 feet, which is 8 minutes 8 seconds after EI. The two drogue
parachutes are deployed 2 seconds later. At an altitude of 10 500 feet,
the low altitude baroswitch closes, and the drogue parachutes are dis-
connected. The three main parachutes are deployed 1 second after the
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baroswitch closes. The CM, suspended on the main parachutes, reaches
splashdown 13 minutes 50 seconds after EI. The relative velocity and
relative flight-path angle are plotted against time from drogue chute
deployment in figure 4.17-11. Load factor and altitude are plotted
against time from drogue chute deployment in figure L4.17-12.

An EMS scroll (non-exit pattern) is presented in figure L4.17-13(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 4.17-13(b).

The CM mass properties are shown in table 4.,17-II. The conditions

at EI are presented in table h.?—III, and the entry REFSMMAT is presented
in table 5-IX.



TABLE L4.17-I.- ENTRY EVENTS SEQUENCE

Brent Time from 1ift-off Time from Loo 000 ft
hr:min:sec min:sec
Entry ‘ 2hl:06:36 0:00
Enter S-band communication blackout 2hh:26:5k :18
Enter C-band communication blackout ohh:27:05 129
Load factor = 0.05¢g
Maximum heating rate 2l 27:46 1:10
Guidance initiate at R-DOT = -T700 fps 2hL:27:54 1:18
Maximum load factor (FIRST) 2LL:27:58 1:22
Exit C-band communication blackout 24k :29:28 2:52
Exit S-band communication blackout 244 :29:51 3:15
Maximum load factor (SECOND) 2hL:32:12 5:36
Termination of CMC guidance 2L4:33:46 7:10
Drogues parachute deployment 24k 34 L4k 8:08
Main parachutes deployment 2hk:35:31 8:55
Splashdown 2LhL:40:26 13:50

661-1
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TABLE 4.17-II.- COMMAND MODULE MASS PROPERTIES

CM weight, 1b

Entry . . « o o o 0 000000 0 12
Main chute deploy . . . . . . . . . 11
Splashdown . . .« + « « « « « &+ « = 11

Centers of gravity in Apollo
coordinate system, in.

XA 1
YA.llaclt . 0w
ZA

Moments of inertia, slug-ft2
Tyg * f f e e e e e e 6
Tyy v v e e e e 5
L— T L

Products of inertia, slug-ft?
IXY ;
IXZ ¥
IYZ .

229.0
767.0
006.3

039.8
-0.k4
6.2

287.0
412.0
828.0

54.0
-417.0
-54.0



L-201

TABLE L4.17-III.- CONDITIONS AT ENTRY INTERFACE AND TARGET POINT

Elasped time from launch, hriminisec . . . . 24L:26:36
Inertial velocity, fPS + « « &+ o o o o & o 36 128
Inertial flight-path angle, deg . . . . . . -6.50
Inertial azimuth, deg . « « + « « « « & « . 86.700
Spacecraft geodetic latitude, deg S . . . . 18.659
Spacecraft longitude, deg E . . . . . . . . 172.757
Altitude, f£ + + « « o « 4 o e v w v « v . . k0O 095
Target geodetic latitude, deg & =« - + + + -« 16.04

Target longitude, deg W . . + « « + « « « . 165.0
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5.0 INPUT DATA

The following input data or reference sources were used to compute
the Apollo 12 (H-1) mission operational trajectory.

Launch pad REFSMMAT . . + + + ¢ o & & « « « 4« Table 5-I
PTC REFSMMAT . . . . T O oA Table 5-IT
Landing site REFSMMAT B T T T O Table 5-IIT
Special REFSMMAT e e e e s e e WG E W EE R Table 5-IV
Preferred (LOPC-1) REFSMMAT . « v « + « + + . . Table 5-V
IM ascent REFSMMAT . « « « « v « ¢ « o o o + o & Table 5-VI

Preferred (LOPC-2) REFSMMAT . . . . + + + . . Table 5-VII
Preferred (TEI) REFSMMAT . . . « + « « « & v & Table 5-VIII
Entry REFSMMAT . . . . P A o Table 5-IX
Spacecraft weight summary e e e & W O§ & G s Table 5-X
Sequential mass properties . . . . . . Reference 3
Consumables weight change summary. . . . . . Reference 3
Assumed mission-independent

expendables . ., . e e e e e e e e e e e e Table 5-XI
Service module propu151on per-
formance . . . T R Table 5-XII

Command module RCS performance Reference T

Lunar module propulsion per-

formance . . . . T T R Table 5-XIIT
Command module aerodynamlc

parameters . . . . Table 5-XIV
Lunar landing site pos1t10ns Table 5-XV
IMU alinement criteria . Table 5-XVI

Terminal rendezvous braking
schedule . . . . . « . . .

MSFN station characteristics

Launch trajectory . . . . .
Mission requirements
Aerodynamic heating data .

Atmosphere model .
Standards and constants
Guidance equations and logic

Table 5-XVII

Tables 5-XVIII
and 5-XIX
Reference 1
Reference 8
References 9
and 10
Reference 11
Reference 12
References 13
and 1L

®This REFSMMAT represents a change from the landing site REFSMMAT
(table 5-III). This change resulted from a small change in LM landing
time which was made subsequent to publication of the H-1 Simulator Data
Package (ref. 3). It is planned to use only one REFSMMAT for MCC-L,
Lor-1i, LoI-2, DOI PDI, and landing; and future documents will reflect
only one.
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TABLE 5~I.- LAUNCH PAD REFSMMAT

(a) Applicable maneuvers

1. Launch

(b) Definition of REFSMMAT

XIX XIY XIZ
YIX. . YTY YIZ
ZIX ZIY 417

"

SPACECRAFT
PLATFORM
STABLE
MEMBERS

(c) REFSMMAT components

= 0.70768873 XIY = -0.65236373
= =0.16414623 YIY = -0.52528436
= 0.68719187 ZIY = 0.54634961

X
ECI (MNBY)

XIZ 0.27128992

YIZ -0.83494452

717 -0.47882088
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TABLE 5-II.- PTC REFSMMAT
(a) Applicable maneuvers

Non-free-return maneuver (MCC-2)

Passive thermal control

(b) Definition of REFSMMAT

X XIX XIY XIZ X
Y = | YIX YIY YIZ
Z IX zIY ZI%
SPACECRAFT ECI(MNBY)
PLATFORM
STARLE
MEMBERS

(c) REFSMMAT components

XIX = =0.6L278761 XIYy = 0.70281115 ZIX =
YIX = 0.7660LLL5  YIY = 0.5897285¢6 YIZ =
7IX = 0.0 zIY = 0.3978k004 2ZIZ =

0.30L476315
0.25572665
-0.91745L79
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TABLE 5-III.- LANDING SITE REFSMMAT

(a) Applicable maneuvers

1. LOI-1
2. ILOI-2
3. Mcc-L

(b) Definition of REFSMMAT

X XIX XIY XIZ

Y = YIX YIY  YIZ

7 zIX ZIY ZIZ z
SPACECRAFT N ECI(MNBY) or
PLATFORM MCT (MNBY)
STABLE
MEMBERS

(c) REFSMMAT components

XIX = -0.88016880 1Y

= 0.45530411 XIZ = 0.13416806
YIX = -0.16028699 YIY = -0.55115812 YIZ = 0.81886068
ZIX = 0.4LéT778LL ZIY = 0.69923022 ZIZ = 0.55809150
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TABLE 5-IV.- SPECIAL REFSMMAT®

(a) Applicable maneuvers

1. CBM separation
2. LM DOI

3. LM powered descent

(b) Definition of REFSMMAT

X XIX
= |YIX
ZIX
SPACECRAFT
PLATFORM
STABLE
MEMBERS

XIY
YIY
ZIY

.

XIZ X
YIZ
417

(c) REFSMMAT components

XIX¥ = -0.87988016  XIY
YIX = -0.16042743  YIY
ZIX = 0.4l720628 7IY

0.45580302
-0.55108T787
0.69896051

ECI{MNBY) or

MCI{MNBY)

XIZ
Yiz
ZI7

1l

0.13436711
0.818880L7
0.55801459

®This REFSMMAT represents a change from the landing site REFSMMAT
(table 5-III). This change resulted from a small change in LM landing
time which was made subsequent to publication of the H-1 Simulator Data
Package (ref. 3). It is planned to use only one REFSMMAT for MCC-L,
L0I-1, LOI-2, DOI, PDI, and landing; and future documents will reflect

only one.
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TABLE 5-V.- PREFERRED (LOPC-1 ) REFSMMAT
- (a) Applicable maneuver
l. LOPC-1

(b) Definition of REFSMMAT

X Xy XI% X
= YIX YIY YIZ
ZIX ZIY 212 7
SPACECRAFT ECI(MNBY) or
PLATFORM MCI(MNBY)
STABLE
MEMBERS
(¢) REFSMMAT components
"XIX = -0.12663911. XIY- = -0.56259131 XIZ = 0.81697831
YIX = -0.95686775 YIY, = . 0,28638127 YIZ = 0.048885917
ZIX = -0.26147008 ZIY = -0.77554934 ZIZ = -0.5TL59255
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'TABLE 5-VI.- LM ASCENT REFSMMAT

(a) Applicable maneuvers

1. 1M ascent
2. 081
3. CDH
4, TPI
5. CSM separation following IM jettison
(b) Definition of REFSMMAT
X XIX XIY XIZ X
Y = YIX  YIY YIZ
VA ZIX Z2IY ZIZ 7
SPACECRAFT ECI(MNBY) or
PLATFORM MCTI(MNBY)
STABLE
MEMBERS
(¢) REFSMMAT components
XIX = -=0.98067976 XIY = 0.1933990L XIZ = 0.029394829
YIX = -0.08902k482 YIY = -0.57503148 YIZ = 0.81327330
7IX = 0.17418922 ZzIY = 0.79494378 zIZ = 0.58113898
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TABLE 5-VII.- PREFERRED (LOPC-2) REFSMMAT

(a) Appliceble maneuvers

1. LOPC-2

(b) Definition of REFSMMAT

XIX
= YTX
ZIX
SPACECRAFT
PLATFORM
STABLE
MEMBERS

XIY
YIY
Z2IY

XIZ X
YTZ
ZIZ

ECI(MNBY) or
MCI(MNBY)

(c) REFSMMAT components

XIX

= -0.0594838L49 XIY
YIX = -0,97755460  _YIY
ZIX & 0.20211048 ZIY

-0.57365426 XIZ = 0.81693479
-0.13222167 YIZ = -=0.16L02562
-0.80835525 72IZz = -0.55291332
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TABLE 5-VIII.- PREFERRED (TEI) REFSMMAT
(a) Applicable maneuvers

1. TEI '

(b) Definition of REFSMMAT

XIX XIY XIZ X
5 YIX YIY YIZ Y
7 ZIX 2IY ZIZ A
SPACECRAFT ECI(MNBY) or
PLATFORM MCI(MNBY)
STABLE -
MEMBERS

(c) REFSMMAT components

XIX = 0.5778533L ZzIY = -0.72768623 XIZ =-- ~0.36953793
YIX = 0.084969L30 YIY = 0.50396717 YIZ = -0.85953318
ZIX- = 0.81170545 ZIY = 0.46528469 ZIZ = . 0.35305020
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TABLE 5-IX.- ENTRY REFSMMAT
(a) Appliceble maneuvers

1. Entry

(b) Definition of REFSMMAT

X IxIx XIYy XIZ
Y = YIX YIY YIZ
7 2IX 2IY 2IZ
SPACECRAFT ECI(MNBY)
PLATFORM
STABLE
MEMBERS

(c) REFSMMAT components

‘XIX = ,13015041 XIY = -.98999549 X17Z = .05L449596
YIX = .32253844 YIY = -,0096993153 YIZ = -.94650666
zIX =, .93756590 ZIY = .14076527 721z = .3180Lk923
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TABLE 5-X.- SPACECRAFT WEIGHT

Total CSM inert, 1b . .
CM inert, 1b . . . .
SM inert, 1b . . . .

SLA ring, 1b . . . .

Total SPS propellant tanked, 1b

8PS deliverable, 1b .
SPS trapped, 1b . . .

Total LM at earth launch, 1b

LM DPS inert, 1b . .
LM DPS tanked, 1b . .
LM APS inert, 1b . .
LM APS tanked, 1b . .

Spacecraft at earth launch

(including LES), 1b .

Spacecraft before T & D .

SUMMARY

22

12

10

Lo
Lo

33

18

109

100

968.8
363.0
507.8

98.0

593.L
35k4.1
239.3

231.5
646.5
091.L
271.0
222.6

653.4

T43.0
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- TABLE 5-XI.- ASSUMED MISSION-INDEPENDENT EXPENDABLES

Mission-independent SPS budget

Translunar MCC (100 fps), 1b . v « v « o & &« &« « = + « &

Transearth MCC (0 fps), 1b A

SPS propellant allowances

Unbalance meter, 1b . v « « « & « & & & s « & & o+ = &

Mean outage, 1b . . ¢« v ¢« ¢« v o 4 v 4 v e e e e e
Dispersions, 1b . . . .

1130

100

29
426



TABLE 5-XII.- SERVICE MODULE PROPULSION
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PERFORMANCE SUMMARY

Propulsion Isp’ Thrust, Flow rate,
system sec 1b 1b/sec

SPS 314, 4 20 520.0 65.267

RCS 228.5 354,15 1.550
(four quad)

TABLE XIII.- LUNAR MODULE PERFORMANCE TABULAR INPUTS

Descent Ascent
DPS RCS APS + RCS
Thrust, Isp’ Thrust per Isp’ f?;g Effective ngeCtiZi
1b sec engine, 1b sec oo > | thrust, 1b sp’ .
1050 293.6 100.3 281.0 0 3565.5 308.7
2807 296.6 o) 3534.3 308.7
3216 298.0 80 3516.9 308.8
4315 300.0 120 3505.7 308.9
5851 303.7 160 3496.2 308.8
9819 303.5 200 3486.1 309.05
9903 302.k4 2ko 3475.3 308.9
280 3464 .2 309.03
320 3453.8 309.2
360 345k .5 309.3
400 3459.0 309.1
430.6 3k62.L 309.1




TABLE 5-XiV.- COMMAND MODULE AERODYNAMIC COEFFICIENTS

AERODYNAMIC COEFFICIENTS AT TRIM ANGLE OF ATTACK
AS A FUNCTION OF MACH NUMBER

M a, deg CL p L/D
0.4 166.65 0.25540 0.85104 0.30011
0.7 163.78 0.27015 0.98128 0.27530
0.9 161.08 0.32941 1.0600 0.31076
1.1 154.04 0.50613 1.1596 0.43646
1.2 154.41 0.49002 1.1474 0.42707
1.35 | 153.29 0.57558 1.2694 0.45342
1.65 | 152.54 0.55850 1.2570 0.44432
2.0 152.43 0.53830 1.2581 0.42786
2.4 152.88 0.51366 1.2267 0.41874
3.0 153.46 0.48482 1.2018 0.40342
4.0 155,51 0.44803 1.2032 0.37235

10.0 156.21 0.43489 1.2127 0.35862
29.5 159.48 0.39557 1.2778 0.30956

91-¢

Center of gravity location in body coordinates
X =1039.8in,

cg
Y =-.4in

cg

Z =6.2in,
. c9
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TABLE 5-XV.- LUNAR LANDING AND PHOTOGRAPHY SITE POSITIONS

Lunar site | Latitude, | Longitude, | Altitude,?
Launch date .
name deg deg n. mi.

Nov. 1k Site T -2.9425 ~-23.544333 -1.19
Descartesb -10.0 16.0
Descartes® -8.85 15.5667
Fra Mauro -3.7333 -17.50

Nov. 16 Site 5 1.67806 -41.8992 -1.25
Hipparchus -4, 6667 -3.85
Fra Mauro ~3.7333 -17.50

BReference radius 938.5 n, mi.

bVolume IT phdtography site.

®Current photography site.
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TABLE 5-XVI,- IMU ALINEMENT CRITERIA AND REFSMMAT DEFINITIONS

Applicable Alinement criteria
maneuvers REFSMMAT (IMU axis) Remarks
Launch Launch Pad X-axis along launch azimuth at pad At earth launch, the FBAI will
TLI (CsM only) Z-axis along negative radius vector display roll = 180o
T&D Y-axis completes right-hand system plteh = 900
Mcc-1 yaw = 0
MCC-2 PTC (passive X-axis in the ecliptic plane and perpen- At the beginning of the ?arbeque
(Hybrid thermal control) dicular to the earth-moon line projection mode, the sp?cecraft will maneuveg
transfer) (CsM only) in the ecliptic plane at the average time to an FDAI display of r?ll = Oo
MCC-3 of transearth injection for the monthly pitch = 900
launch window and aximuth range. yaw = 0
Z-axis perpendicular to the ecliptic and
directed south.
Y-axis completes the right-hand system.
MCC-U Landing site X-axis along positive lunar radius vector At nominal touchdown, theoLM FDAI
LOI-1 (CSM and IM) at landing site at predicted landing time. will display roll =0
LOI-2 pitch = 0°
Z-axis in direction of flight parallel to yaw = 0°
the CSM orbital plane eand perpendicular to
X.
4 (Actual touchdown yaw and slope tilt
Y-axis completes the right-hand system. will be reflected by the FDAIL.)
DOI Special Same as above landing site aline~
PDI ment See footnote at bottom of
Landing table S5-IV.
CSM Preferred X~axis alined with the spacecraft At burn ignition, the FDAI will
plane (CsM only) X-body axis at the vehicle attitude for display roll = Q°
changes ignition with the thrust directed through piteh = 0°
the center of gravity. yaw = 0°
Z-axis in the plane formed by the X-axis
and position vector and directed down
towards the moon.
Y-axis completes the right-hand system.
M Lift-off X-axis along positive lunar redius At nominal lift-off time, the
lift-off (CSM and LM) vector at landing site at predicted IM FDAI will display roll = 0°
rendezvous lift-off time. pitch = 0°
yaw = 0°
Z-axis down renge parallel to the CSM
orbital plane and perpendicular to X, (Actual touchdown yaw and slope
tilt angles will be reflected.)
Y-axis completes the right-hand system,
TEI Preferred Same as above Preferred alinement. Same as above Preferred remarks.
(CSM only)
MCC-5 PTC Same as above PTC alinement. Same as above PTC remarks.
Mcc-6 (CsM only)
MCC-T
Entry Entry X-axis is in local horizontal plane At entry interfece with wings
(CsM only) in the direction of flight at entry level local horizontal, heat

interface (400 000 ft).

Z-axis is down along negative radius
at entry interface.

Y-axis completes right-hand system.

shield forward, inplace, lift
up, heads down, the FDAI will

display roll = 0°
pitch = 180°
yaw = 0°
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TABLE 5-XVII.- LM BRAKING SCHEDULE

DURING TERMINAL RENDEZVOUS PHASE

Range Desired
Gate ge» range rate,
ft

fps
First 6000 35
Second 3000 20
Third 1500 10
Fourth 500 5
Fifth 100 0.25




RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR
ALTR
RADAR

RADAR
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TABLE 5-XVIil.- MSFN STATION.CHARACTERISTICS

Geodetic latitude, LATR, deg
Longitude, LONR, deg

Altitude, ALTR, ft

Range capability, SRANGE, n, mi,

Keyhole, FTINDC: O = none
1 = north-south

2 = east-west

sMLA=7f AZ=EL TPQ{8y LATR = 284248462, LONR =

- 394372, SRANGE = 23400¢0y FTINDC = 0.0
sCNVed] AZ=EL FPS1&4, LATR ® 28.481747, LONR =

s 45,934, SRANGE = 1000sny, FTINDC = 0N
sBDA=02 AZ-EL FPQ6 4, LATR ® 324347964, LONR =

= $2¢339, SRANGE = 234000y FTINDC = 0.0
uCRO=08 AZ=E_ FPQs LATR & =24,894389, LONR =

» 78,744, SRANGE 23400¢Qy FTINDC » 0wn
aMIL=7] X=Y UuSB=30 LATR = 28.508272, LONR =

" 32,810, SRANGE 30000nsny FTINDC a Len
wBDA=02 X=Y USB=3N LATR = 32.35)286, LONR =

u 684901,y SRANGE 300000sns FTINDC = Lep
sANG~9] X=Y USB=230 LATR = [7,018917, LONR =

w 14}.083, SRANGE 300000+ay FTINDC = lan

sCY[=04 X=~Y USB=30 LATYR = 27,764536, LONR =

= 567613, SRANGE 30000neny FTINDC = J.p
sACN=75 XeY UySB8=30 LATR ®= =7,954794, LONR =

= 784,864, SRANGE 300000+0, FTINDC ® len
aCRO=-08 X=Y USB=30 LATR ® =24,904578, LONR =

s 650620, SRANGE 300000+0, FTINDC = len
sGWMe2y4 X=Y ysS8=30 LATR & 13,310%575, LONR =

- Jol.852, SRANGE 300000en,y FTINDC = 1e0
sHAW=12 X=Y ySg=23gO LATR ®» 224124307, LONR = =
= 3776431, SRANGE 300000en,y FTINDC = len
=GYM=14 X=Y USg=30
" 62339, SRANGE 3000000y FTINDC ® oD
sMAD=23 X=Y USR=85 , LATR ® 40,454992, LONK =

= 25534930, SRANGE = 500000en, FTINDC = 2.0
sHSK=25 X=Y USB=85 4, LATR ® =35,583494, LOnR =

= 3755433, SRANGE = 500000+0, FTINDC & 24D
u6GDS=28 X=Y USB=85 , LATR ® 354341594, LONR & =
m 29764195, SRANGE = 5000000, FTINDC = 2.0

a PARKS AUSTRALIAy LaTR = «33.00011)s LONR = (48
ALTR = 12304375, SRANGE = 3000000y FYINDC = O
= INSERT SHIP| » LATR = 28,000 ’ LONR = =4
ALTR = 0,0, SRANGE ® 234C0,0, FTINDC = 0.0

- g

=B80enbHUNY
80e574514
«b4ea53742
1134717289
wB80ea%934,7
~64.458181
=61¢7520849
=15.4348 4
=140327128
1134725458
1940736917

1590665649

LATR = 27,963206, LONR = =110s720860

4o 167994
148+¢0782R6
116073200
226167

o]
9.00n

o
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TABLE 5-XIX.- MSFN STATION IDENTIFICATION

MLA CB Merritt Island C-band

CNV CB Cape Kennedy C-band
BDA CB Bermuda. C-band

CRO CB Carnarvon C-band
SHIP 1 CB Insertion Ship

MIL SB Merritt Island S-band
BDA SB Bermuda S-band

ANG SB Antigua S-band

CYI SB Grand Canary '‘S-band
ACN SB Ascension S-band
CRO SB Carnarvon S-band
GWM SB Guam S-band

HAW SB Hawaii S-band

GYM SB Guaymas S-band

MAD DS Maedrid deep space
HSK DS Canberra deep space

GDS DS Goldstone deep space
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