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The tanding site RIiFSMMAT is used for the MCC-)+, LOT-I, LOT-2, DOT,
PDI, and landing maneuvers. Because of an unwarrantable change in
tanding time by a few seconds, the REFSMMAT for LM/CSM separation, DOT,
PDT, and. landing is different from the landing site REFS¡4rvlAT. Because
thís document was to be published as soon as possible, no changes Ì^rere
to be mad.e to have the REFSMMAT used in the descent maneuvers the same
as the landing site REFS¡¡ilt4AT; consequently, both RIIFSMMATf s are presented.
The REFSMII{ATrs will- be corrected in the revised operational traJeetory.

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

a. The nominal entry range is to be reduced frorn L2B5 n. mi.
to 1250 n. mi.

b. The first lunar orbit plane ehange (tOpC-f) will occur in the
nineteenth revol-ution instead of the seventeenth revofution.

c. The low gate parameters for LM descent wifl be 16 fps vertical
veloeity and B0 fps horizontal velocity.

d. LM and CSM attitudes will- be changed for LM Jettison.

e. A LM yaw maneuver during ascent wil-l be incorporated".

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

C. The initiation of the MCC-2 maneuver will be delayed l+ hours,
from TLf plus 2l+ hours to TLf plus 28 hours.

h. The TEI maneuver will be initiated in funar revolution )+5

rather than revolution \6.

i. l,alande will be added to Fra Mauro and Deseartes as a Bh
raphy site, and it will be photographed during revolution 39,,/Ph
raphy of HÍpparchus wilI be del-eted.
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j. The southerly launch azimuth r.¡ill- be limited to )6o for missiol-r
planning purposes.

k. LM jettison wiII occur approximately 2.5 hours after docking'
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SPACECNA¡'T OPERAÎIONAL TRA"IECTORY FOB APOLLO 12 (MISSION H-l)

VOLUME ] - HYBRID MISSION PROFILE

LAUNCHED NOVEMBER t\, tg69

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

1.0 SU}O4ARY AND TNTRODUCTION

1.l- SummarY

In vol-umes I and. ff of the spacecraft operational Trajectory, a

d-etail-ed d.escription of the hybrid mission profile is presented-. Ttre

launch d.ate for the operational traJectory Ís November 1l+ ' 1969. The

basic lunar trajectory profile is a hybricl type as compared to the
stand.ard. free-return profile usecl on the Apollo l-1 mission.

Translunar inJection places the spacecraft on a free-return trajec-
tory with a high páritune ãtt:-tlr¿". unrixe Apollo 11, the evasive
maneuver is perforrned. by the S-IVB prior to the bfor"¡d.own rather than by
the spacecraft SPS. Twenty-four hours after TLI, an SPS transfer

maneuver is performed to lower perÍlrrne to 60 n. mi.a After the maneuver,
the spacecraft is on a non-free-return traJectory which is restricted-
such that an earth return woufd. be within the DPS docked. AV capability
if an SPS failure should. occur at LOI ignition.

The Junar orbit timeline is similar to the ApoJ-lo l-1 tineline except
that after rend.ezvous, clocking, and. LM jettison' a plane change is made

to gain photographic coverage of selected prime sites for future j-anding

missions. This type of photography is commonly referred. to as bootstrap
photography.

For the nominal r-nission, the launch tine Ís Lohzzm c.s.t., and the
tannch azimuth is æT2o. Transl_unar inJection occurs d.uring the second
revol-ution over the Pacific 0cean.

%"""r"" of the crew rest/work cycle, the transfer maneuver time
has recently been changed. to TLI plus 28 hours '
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The níssion duration is approximately 10 d.ays l+ hours a¡¡¿t l+t minutes '
The transLunar flight tirie is BO.6 tor.t". The time spent Ín lunar orbit
l" gO.B hours, and the transearth flight time is 70 hor¡rs. "A'n'Ìnertial
plot of the basÍc profile is shown in figure 1.1-1'

The nominal mission is surrnarÍzetl in the following tables.

a.

b.

c.

d.

l-.

Table

Table

Table

Tabl-e

Table

Table

l-.1-I.- Sequence of maJor events

l-.1-TI.- Lunar orbit activitíes

l-.1--ITI.- Lar:nch wind.ow summary

1.]--TV.- Timetable of missi-on events

1.1--V.- Radar timeline

1.l--UI.- Shador¡ tirneline

o

)
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L2 Introduction

fhe operational traJectory d.ocument is d.ivided. into nurnber:ed sectÍons
vith ind.ex tabs. fhe symboÌs and nomenclature are presented ín section 2.0,
and. a list of the primary mission guid.elÍnes and. constraints are presented
in section 3.0.

The main body of the docunent is section \.0. This section is
d.ivid"ed. into subsections aecord.ing to mission phases, and each subsection
contains the text, tables, and. figures rel-ated" to the partícu1ar mission
phase. In general, the information 1n'each subsection includes a tracking
timel-ine summary, a shad.ow tineline summary, target parameters, and a
sequence of events table wíth a standart set of parameters. The propellant
consumption predictions in section )+.0 are approximate and. are included
for completeness.' The official pred.íctions rrill- be published. in the
operational- consumabl-es d.ocument .

The input d.ata that were used. to generate the operational trajectory
are presented in section 5.0, t¡hieh also contains the REFSI,04ATS. Al-most
alt of the input d.ata are tabulated; howevero for some d.ata, only the
source is identified. The references are l-isted. in section 6.0.

The nissÍon tracking timeline, shadov timeline, and more d.etailed
traJectory d.ata are contained in volume II of the operational tra-
J ectory d.ocument.



Data sunmary

Azinuth, deg
Launch complex

-'t)
394

Geôd.etic fatitude,
Longitude, deg
Geodetic altitud.e,
Veloeity, fps

deg

n. mi

32.7
-52.'
r03 .1+

2' 567.7

)?

-t76.6
2' 587.5

ro7. B

9B.B

Geodetic l-atitude, deg
Longitud.e, deg
Velocity, fps
Apogee altitude" n. mi.
Geographic altitude, n. mi

Geodetic ]atitude, deg
Longitude, deg
Burn duration, see
Pl"ane change, aleg
Apo8ee al-titude, n. mi
Geographic altitutle, n

r>. b

-rrr.2
5¿¿ "
2..r

236 999.8
183 .6m]-.

AV, fps
S-M ginbal_ angles

Pitch, deg (IGA)
Yav, deg (MGA)

Rol], des (oGA)

l-0

28
r76

I
2
0

Geodetic altitude, n. mi i6 2oo

Geodetic altitude, n. ni
AV, fps
Burn duration, sec
SPS propellant used., 1b
Plane change, d.eg

l-06 897.
CrJ.Õ

9.3
6a7 .2

nÕ

Geodetic aftituale, n. mi l-Tl+ }+oo

12 300Al-titucle above mean lunaÌ
rad.ius, n. ni.

Time, hr:mi.n:sec,
c.s,t.

November I\, f969
IOz22:OO

l-0: 33: 53 . 2

L3;09:2I'7

13:Lì+:)+3.7

1!:[?:o.o

22: f\ | \3.7

Novenber 15,1969
13 : l-1+: l+3 .7

November 16, ú69
23:502\7.5

Novenbe¡ I7, 1969
16: 50: \? . 5

Tine, hr:min:sec,
É.c. u.

00: 00 : 00

00: IL: 53. 2

''^-:i--. 1

A2:522\3.7

0ll:25:0.0

TLI pl-us t hr

262 52t\3.7

ï,OI-1 ninus 22 hr

LOI-I- ninus 5 h¡

Event

Launch

EPO insertion

Transh¡¡rar inJection
Burn initiation

Burn cutoff

Evasive maneuver
(perforrnet! by S-IVB)

Translunar coast,
nrid.cou¡se correction maneuvers

MCC-l

Mcc-24 (hybrid transfer)

MCC-3

MCC-)+

TASLE l-.1-I.- SEQUEIICX 0¡'MAJOR EUENÎS

tB"""r"" of the cre!¡ rest,/çork cycle, the transfer naneuver time has been changed to TLI plus 28 hr.

P
I
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TABLE 1.1-I.- SEQLTENCE 0F MAJOR EVENTS - Continued

Data smary

Mass, l-b
Aftitude above LLS, n. mi.
Sel-enographic Latitutle, deg
SeJ-enographic J-ongitud.e, deg
Perilune aftitude above LLS, n. mi
Selenographic inclination, d.eg
Veloeity, fps

oL so
B5

6
177

59
1>Õ

Bj-62

59
-l

L'5
l-61+

360
23

6

,.
.3

.)+
o

.0

.,
Altitude above LLS, n. ni.
Selenographie ].atitude, deg
Selenographie longitud.e, deg
Selenographic incfination, deg
Burn duation, see
Inertial bu-rn arc, deg
PJ-ane cb.ange, deg
AV, fps
SPS propelfant used, fb
VeJ-ocity, fps
Orbital period, b¡:min: sec
Peril-une altitutle above tLS, n. ni
Apol-une alt.itude above LLS, n. mi.

B

I
3
7
2
3
'l
l+2890.

23 511
5l+Bl+. 3

2:08:39.5
,9.7

f70 .1

Mass, J-b

Altitude above LLS, n. mi.
Selenographic l-atituale, deg
Selenographic longitude, deg
Perilune al-titude above LLS, n. mi
Apol-une al,titude.above LLS, n. mi.
Velocity, fps

T1 050
b1. J

2.1+
166.0

59.6
170 .2

5\76.3

Aftitude above LLS, n. mi.
Selenographie latitude, deg
Selenographic J-ongitude, deg
Selenographie lncJ-ination, deg
Bun duration, sec
Inertial burn arc, deg
Plane change, deg

Velocity, fps
SPS propellant used, lb
Orbitaf period, hr:min:sec.
Perilune al-titude above LLS, n. mi.
Apolune aftitude above LLS, n. mi.

óL.¿
2.r

t65 .1
16\.7

18 .l
ôo
0.0

-rby . J
5338 .7
1178.9

1:58:l+3.3
>4.l'
b) .9

Tine, hr:min:sec,

November l-T, i969
zrt5O1\7.5

2r:56:\7.7

November 18, 1969
02t09:36.7

02: 0Ç: )\ . B

Time, hr:min:sec,
ts.c.u.

83:zB:ì+7.5

83 : 3\: 4? .7

BT :I+7 :36.7

BT : )+7 : 5l+. B

Event

lunar orbLt lnsertlon (LOl-tl
Fûrn initiatiÕn

Eurn cutoff

Circul-arization maneuver (L0I-2)
Bu¡n initiation

Burn cutoff

F
I\o



Data sumary

AY, fps
AV, fps
Burn cluration, sec
Altitude above LtS, ft
Velocity, fps
Altitucle above LLS, ft
Vel-ocity, fps
Altitude above LLS, ft
Velocity, fps
Altitude above LtS, ft
Velocity, fps
AV, fps
Bu¡n duratiotr, min:sec
DPS propellBnt consuned, 1b

2.5
72
28

l+9 zro
55'r7
75]f
5\9
t+gl

t+9

1¡+8
6.1+

6TT9
11: !6

L6 735

llsss, Ib
AV, fps
Burn tluration, sec
Selenoglaphic f.a.tituaie, tieg
SeJ-enogrephic lorgituile, cleg
Altitude above Lf-S, n. ni.
Pe¡iluue attituaie above IÃS, a. n-i.
Apolune altitude above LLS, n. mi.
Plane change, tleg
Selenogrêphic iacii-Dation, deg
Velocity, fps
RevoÌution nDmber

36 038.h
3.t2.67
]-9.972
-tl+.1

76.t+
63.0
56.3
62.9

l+. 0
L6'

,328
.7
.,
t7

l,lass, Ib
Seì,enographic letitucie, deg
Selenographic Ìongitucle, cleg

lc 663.1+

-2.91+
-8.1+5

I{ei.ght, 1b
AV, fps
Burn duration, sec
Latituale, aleg
Longitucle, deg
Altitucle above LLS, ft
Peril-une altituale above LLS, ft
ApoJ-une altitutÌe above tLS, ft

5802.1+5
6oL9.o5
b30.59
-0.1+T5

-33.232
59 983
5ù 960

282 l+'to

Ti:ne, hr:min:sec,
c.s.t.

22:20:OO
227l.+9.'l+9
23:\8227

Novenber 19, L969
OzI+5:26
o:53:5\

O: 55: l+8

o: 56: 38

Oz57:23

o6i.5z2l+.7

Noveùnber 20, l-969
08:2637.¡2,

0B:33: !?,?20

Time, hr:min:sec,
8. e.t.

107 : 58: 00
ì08: 2?: )i9
!O9:26227

l,Ì0: 23 : 26

l-10: 31 : 5!

110:33: l+8

l-10:31+:38

1l-0:35:23

]-]-rt 53:.21+.7

1)+2: O! : 3T . L25

l-l+2: l-1: h? . ?20

Event

Descent
CSl,!/LI"l undock
CSM SEP
DOI (DPS ignition tiBe)

PDI (DPS ignition tine)

High gate (P6¡ to P6l+)

Lov gate. (foo rt)

Vertical ttesceat (P6l+ to P65)

Lêûding

CSI{ plane cnange (rOfC-].)

Asceat
Llil lift-off

Lll insertion

ÎABIÆ 1.1-I.- SEQUI¡ICE OF MAJOR $¡AjTS - Continued

H
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TABLE 1.1-I.- SEqUENCE OF MAJOR EYA{TS - Continued

Data suûma'rJr

Burn tluration; sec
AV, fps
Propellant used, 1b
R.esultant b'lh . n. ni.-a' p-
Range at cutoff, n. ni.
naigé rate at öutoff, fþ!
Propulsion system

Burn d.u¡atl.oo, sec
Åv, ..fpj
FilôpeÌ.r aùt lrsed ;''1b
Resultant h /h ¡ n. ni... -€,. .p

Ra'ge at cut"off, n. mi.
Ra¡ge. ratþ at.' cutoff , fps'
hopulslol: syst-em .

h¡ra ctu¡aüio¡, seÊ.. ... '

ÀV.,.fps ... :.:.

Propeü.aDù useal, lb
Resultar¡t \, hn, n. ni.
Aq¡ge at cutoff, D. l!i.
Rarge rate at_ cutoff,' f¡js 

-Pr-o.qul:.qio.l,systen . .,..,
8r¡¡nlúþatioo, sec ''1: -

Àv,'fbs + '

Pioþe11ant useal, lb
Range at final brakine, n. mi.
Ra!€e rate at_.final braking, fps
h"/hn at" fioal traking, n. mi.
hopu-{sion systen

. ¡. - l"-

ht+.?
t+9.9

31.9
\6.7/\t+-5

1[0.1
-LOT ':(
IÀ,I RCS

2.O
L.lÀ
2"8

t+5 3/l+\;\
77 .5

_1r9.7
I¡{ RCS

a

22.2
2\.8
15..8

6r.9/ß"8
' .32'2
-133.o
w Rcs

r--a
31.3' 19.9
0.01
-0.2

60.o/ 5¡2'.2

IJd RCS

}ú¡ss; Ib .

^V, 
fps

h:rn durùtiou, sec
Selenogrephic Ì.atitutle, deg
Selenpgraphic longitude, deg
AJ.tituate above LLS, n. ni.
Peril-une altitucle above LLS, u. rûi.
Apolune a1tÍtutle above LLS, n. ni.
Plane change, aleg
Selenographic incÌination, deg
Velocity, fps
Revolut ion nmber

3l+ 80T.6
1.5
\..6

_L1. 5
90.0
59.\
59. o
59.l+
0.0

új.6
53\6.1+

??

Time, hr:nin:sec,
^êf

"9:23:25;3

10:21: l+9.9

It: OO: 56.1

11: l.l2:15. O

12:02: OO.0

13: l+3:26.8

Ti-oe, hr:min:sec,
g. e.t.

- *'-1h3:01:25.3

143:59: t9.9

rl+l+:38:56.1

1lr5 :20 :t5 . û

1!5:So:oo.o

r¡?i2r:26.8

Event

Renêeztous-'tsr'* -

CDE

TPI

Braki¡A

Doclt¡g

Lld jettisona

Ht
tiJ
t:

.J

ar¡e i¡ Jettison maneuver tiÌne has been changed to lLBhOom g.e.t



Data sun¡¡ary

Mass, l-b
AV, fps
Burn tlu¡etÍon, sec
Seleaograpbic letituale, tleg
Selenographic longitu<le, cleg
Altitude above LLS, n. mi.
Perilu¡e a1titude above LLS, n. rai
Apolune altitude above LLS, u. mi.
Plane change, cleg
Selenographic inclination, tleg
Velocity, fps
Revolution nr:mber

3l¡ 800. 5
297.3

' 15'l+
-T2.L
80.I
58.2
58.2
60.6
3-2

t6T.o
,353.2

32

33 75,+.
60.6
9.2

_1?5. o
5T -t

]:67.o. 5341.3

lfags, }b
Altitlrtte above LLS, ü. ni.
SeJ-enographic latituale, tieg
Selenographic 1oûgituile, tleg
Perilune aLtitude above tLS, n. mí
Selenog¡dphic iacliaatioD, tleg
Vélocity, fps

Altituôe ebore LI^S, n. ni.
SeJ-eaographÍc latitude, tleg
SeleDographic loDgituale, .aleg
Perilune altitude above LtS, a. ¡ûi.
Selenograpbic inclination, cleg
&rrn duration, sec
ïnertial bura arc, tleg
Plane change, deg
ÂV, fps
SPS propell-ant used., 1b
Velocity, fps

6\.6
?.8

L76.2
60.1

168.4
13?
8.8
2.O

3rt3.
89\2.

8l+2?. o

Geotletic altitudle,

Geottetic ettitude,

Geotletic alti.tuale,

lt. &l- .

N. D:L ,

n. 4r, .

-r80 ooo

-101 ooo

-2ù 900

Time, hr:min:spc,

November 2]- , 1969
1:35:53.1

16: l+6: LT .8

16: h9: ol+.8

Novenber 22, ]-969
?:l+6:!?.8

Novetober 23, L969
16: l+8: 36,0

Novenber 2l+, 1969
It: Lr8;36.0

Tine, hr:min:sec,
p.e.t.

159:13: 53.1

1?l+:21+: l+7.8

1?l+ : 2? : 04 .8

fEI pl-us 15 hr

EI ninus 22 hr

EI ninus 3 hr

Event

IÐPC-2

Transea¡th inJection
Bu¡n initiation

Burn cutoff

lbaDsea¡th coast,
micl.course correction naneuvers

¡,!cc-5

l.rcc-6

lrcc-?

TABLE 1.1--I.- SEQUENCE OF MAJOn EUENTS - Continued.
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TABLE 1.1-I.- SEQITEIICE OF MA.IOR EVEilTS _ Co¡clr¡itect

-l

ì

t-i:
t--É

u¡"

a,:

,Data suøar¡r

?ransearth coast time, br
Inerllal velocity, fps
Geoiletic a-ltitucle, n. ni. (ft)
fnertial flight-path aogle, tleg
Geocletic latitr¡de, aleg
Lorgitu<le, tleg
Equatoriel i¡cliaatioa .

(ascending), de.¡l

70'
36 128.8
4oo 095)

-6. j
- -18.7
' LT2:8

rB.8

-16.ot
;-165 -o

65.8(

Geotletic latituile, cteg
Longituile, tleg

'fiae, ùr:min:sec,
c.s,t.

lfovenber 2l+, l-969
rI: [8: 36. o

tltz62zz6.8

Ti.ne,'br:miu: sec;.
g.e.t. ,\-.

zl+lt-26236.o

zll¡¡ : Lo : e6. û

Event

Efrtry-interface

l

froafng



L-11+

Table 1.1-II - TUNAR ORBIT ACTMTIES

)

Actfvity Revolutlon
number

linti ra
hr:min, g.ert.

LOï-1

LOI-2

IVT to LM for housekeeping
activities

Landmark track

Inertial attitud.e

IVT to CS"l

Begin 9-hr rest period

End rest period.

IVT to LM for Il¡[ checkout

Land.ing site landmark track

Undock

CSM separation

DOI

Touchdovn

Begin EVA

First CSM l-unar orbit plane
change (lOPc-r) .

Entt EVA

Begin 9.5 I:rT rest period

End rest period

Beglnning of 1

BeginnÍ.ng of 3

3

l+

l+

ll

5

9

11

I2

13

13

Beginning of 14

1l+

T6

u
18

19

2l+

83:29

8?: l+8

89:30

90:2O

90: h0

91:10

, 92234

101 i 30

103: 55

106: 30

108:01

1OB:28

LA9z26

110:35

uh:35

115:53

118:00

121:00

130:30

)

)

.ã,
l==l
ts;:

"Tj-ru= are approximate.
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Table 1.1-II - tUNAn 0nBIÍ ACTMTIES - Concluded

tTiru" are epproxi.:nate.
b-.. . , l"This maneuver has þeen moved. to the.er¡cl of the forty-flfth ievolution.

':!

)

-
\

Actlvity Revolutfon
nunber

'Tíme na
þr:nlnn g.e.t.

Begin EVA

,ì
End EVA

LM ascent

DockÍng:

LM Jettison
r

Begin 8.5-frr rest period .

;

End. rest perÍod.

Second. OSM lunar orbit pla,ne
change (lopc-a)

Begin photograptry

TEI

26

2T

30

32

33

3l+

3B

', 39

l+o

End of \6

133:35

:-36z5O

úz:oj
1l+5:'l+o

Ll+I tZI

1¡+9; gO

158:00

159:1\

t6l: oo

L7\t25



Launch d.ate

November 16

,
to1t3ho9n Thl*6t

l-000 n. ni.
l-05 fPs

T9 hr
100

_goo

11o to 1l+o

Entire wind.ow

32 ht
Fra Mauro, Descartes,

Lalande

-89.0 hr, l+6 revs

T2 to 66 nr
e\)+ to 239 tu
69T to l,82 hI
hro to 350 fps

November l-)+

T

tohzen to l-5ho2n

l-Ö)U n. m]- .

6z to 69 rps

- Bl- hr
15 .30

-75"
5.19 to 8.3o

First 2.5 Yv

32 bt
Fra Mauro, Descartes,

Lal-and.e

BB.9 hr, )+6 revs
TZ to 6j yv

z\5 to el+o r¡r

8zo to 6oo tps
630 to 560 rps

Parameter

Site
Launch time (c.s.t.)
Free-return h

p
Hybrid transfer AV

Translunar flight tine
Lunar orbit incl-ination
Approach azimuth at J.and,ing

Sun elevation at land.ing

Gol-d.stone J-and.ing coverage

Lunar surface stay time

Photo sites

Total- l-unar orbit stay
Transearth flight tinie
Total mission time

3o lov nominal- reserves

3o for¡ contingency reserves

TABLE 1.1-III.- LAUNCH WftmOW SUt/n/,ARy
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LOr-l_EOI TLI Hybrid
traJìs fer LOt-2

56: 36 :0)+

6o: ,l+: 53

81:09:30

Br: 35 : o6

82: 33: I+l+

83:30: l+3

83 : 3B: e5

83: I+e : 3)+

89: oo: l+1

tl5 : 11: 53

1l-6: 0B: l+l-

t-t-?: oT: 06

lLT:\6:I2
118 :28: 5f
120: 28: \3
L32z2I:09

l-36: 38 : f0
t36:\9:t6
1)+?:32:04

2IT:33:52
2r7;\7 152

)+ :18: 49

2\233:26

2\:59 :02

25.r7 t\o
Z6z)t+:3)

2'(:O2:2I

27:06:30

32:.24:37

5B:35: \9

59:.32:37

60 : 31 :02

6l-: to: oB

6I:52t\7
63252:39

'(5 tI+5t05

Bo : oz: o6

Bo :13: 12

90 : 56 :00

t-60 : 5.r: l+B

16r: fl : l+B

20:1ll:37

20 : )+0:13

21:38:51

22:35 t50

22t)+3t32

22;\7 t\I
28: O5: \B

54: lT :00

55:13: \B

J6:J.2:13

56:.57'tl]

57:33:58

59:33:.54

7a:26:16

75 : \3: r.l
'15:5\:23

86:3?:11

156:38259

156:52259

0: l-f : 53

2t\7 t22

26:52l.\\
63:28: l+B

87.\7 t3'l
108: 02 : l-4

fOB:2f:!0
IO9z26:28

IlOz23:27

flO:31-:09

f10:35: fB

II5:53:25
142 : ol+: 37

l-\3: 0l-: 25

l-)+3: 59 : 50

1U+ : 38: 56

LI1rtzl"t3,
rl+'l t2r:27
159:13: 53

163: 30 : 5)+
'163:\2:00

1.l)+: 2\: 48

2l+l+226:36

e\4: l+O : 36

2:35229

2624Ol.5I

83:t6255

BT: 35 : )+4

f07: 50 : 21

l-08: 15 : 5T

109 : 1l+: 35

l-l-0: lf : 3\

1f0: f9:16

]-lOt23z25

1f5 : 41: 32

1)+t- : 52: 4l+

r\2t\9 t32

143: )+T: 57

Ll+)+: 2T : 03

l-l+5 : 09: 42

l-l+.|: 09 : 3\
I59 z 02: OO

163: f9:01
163:30:oT

174tl,2:55

a4\: r4: h3

e)+)+: 28 : ì+3

'Zlc" 5:22'
8o: hr; e6

'85: o:15

.tOrztl+:52

:105: l+0:28

106:39: 6

l-07:36: 5

107: 43 : )i7
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TABLE I.1-V.- MISSION RADAR TIMELINEA
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có2
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o É 51
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êSee TabLes 5-xyIII, itsru St.tioo Characteristics anal 5-Xfl(, ÌfSfl{ Statiou ltlentification.
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I 1é 20 41 -19 -3 -e4 0 90 -t6 14t338

1{l 19 1ó 36 -18 -3 -93 C -90 -3 ló766t
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È
r:'
\o

@



eo
VEHTCLE

cPo-o8
x-Y ÙsB--¡o

PAFÍ S
AUSTRAL IÂ

HSI(:25'r-v usP-85

Gllf-2.
I-V USP-30

l¡ll- l2'
I.Y USB-3O

llD:2!
r-Y. us?-85

cRfÞc!!'I:V USP-rO

t¡SI-25
!:Y usF-És

òr¡-zå
r-Y us8-.30

cY¡-o4
¡-Y usF-3O

Âcil-t5
r--Y .us.€-30

rci¡-?5
r-v _us8-10

:'-;ì-.' ljcvl-04
l:J tFf--?o

I RATÂR IAELE

TRÂCKJNG TIEE

URS TTN SEC

I 11 34

c2/.21

I ll l?

I !l 4l

cl014

1 rl 4?

i rr 4ê

lo4t

I ll 3ç

oç?4?

0 -46 .14

ll13é

'l l'l iç

CAY

Ê

5

t

5

E

C

ß

e

6

FRS

2t

?r

?L

2l

2l

21

?1

21

2?

2Z

2t

'I

I

STÂTICN ÂCOUT ST!TCN DATA

vI¡ sF( RA tìEC Â Z ELV X

l?.?e t5 c -ó 55 -4

I s 31 14 l0 -4? 34 -43

l8 3t ,14 10 -47 1? -4e

!e 3't 14 c -s4 55 -f 5

lF 4E 14 c _82 2 -88

lê 3c t7 o o: P_29

¿l 15 r-o -4t 47.-1q

lé 44 l: to -aÇ 11 -6t

It ,éc t5 0 -8é 2-t -63

?o -2 I l7 ç 8C C cO

ft 52 l? to qc c oo

14 a1 t8 lo ,6 ?o 70

14 51 1È !o çl 2r'61

Y

74

t4

-39

-2

8

cl

3C

-éé

?

lo

lo

l3

-l

RANCE

2044 ..9

2C5402

2rJr512

2044çe

20 ? lé"

20É48¿

2051 3a

2067 P 1

20:3e2

2061r2

20ê1çl

2064rto

2 0lt2 9e

STATIOIi¡ IERI|INATIO?{ DAlA

CAY HRS TTN STC FA ÍJEC AZ ELV X

5 ?2 2s óO ló tO -r2 5C -24

5 21 42 52 t5 lO -5t 30 -54

, 22 30 5 15 10 -6t ?.A -5t

5 22 30 l? l5 e -89 39 -51

5 ;l 29 2 14 a -8t C-90

602S18t89ç62213

6. O 28 21 ló lO -6C 30 -5é

ó o t7 21 ló to -?? c-90

é c 2? 38 ló to -a2 ll -?ç

ó 0 28 14 l8 tt 85 12 ?8

6028ElStO7ÊIe2

6 2 26 23 19 rt ?l t6 5:t

¿226311810993852

Y RÂIIGE

tt 204748

32

-t5

I

9

68

'26

_77

1

a

ll

l6

J?

2f)119t

206221

205269

206784

20â2A7

20tE3t

20óc69

20ó91?

¿ø¿eza

20?o{5

2056?t

20;58?

Þ
À(t



VEHTCLE

rlAD-23
T-Y USP-85

1 RÂIÁR TÁ8IF

f FACr( If!G T f ¡.F

HeS ulN SEC

I 11 1(¡

slallc¡¡ acourslf Ic¡r fiar^

[,TY FFS SYÎ\ SFC RÂ CFC 
^¿ 

FLV X Y CÂNGE

é I lq cF !.? I 105 30 ?¡ 51 20a114

TÂTTON IERi,IINATION DAlA

CAY HRS Tt\ SFC RA DEC ÂZ ELV T Y ßANGE

6 2 26 17 t8 10 119 43 27 40 205363

6 2 2ê 52 t? ll -75 6'A4 15 207t72

6 3 ?t 2't l8 ll 61 19 38 t? 20¿r??t

6 t 21 21 19 lO 92 I 82 I 2C68?8

6 ? ?l 21 lç l0 83 ? F3 t 206912

6 3 2t 21 l8 lO toE 50 t9.-12 20112t

ó " 21 21 18 lO 135 5l .2q 26 201665

6 '4 24 38 20 11 85 22 68 5 2o6t12

6 4 24 42 t9 lt 4ç 61 2t 19 20Ó845

6 a ? 4 48 2C t0 e0 20 'lc c 206óól

6 1 ?4 c2 19 11 12? 62 24 -15 2C4815

A 4 24 78 ¡9 l0 158 5e 3C ll 204934

6 4 24 46 2C lO 8t C 8t 9 2C?483

c Ro-08
r.Y USB.3Q

¡CN¿?5
x-v usF-?o

ANG.9I
x-Y usP-30

BCA-C2
x-Y usP-30

CT l- c4
I-Y.USF-30

ilac-2?
I-Y US8-e5

âNG-c I
I-Y USB-¡0

Âcr{-75
x-Y usB-ro

era-c2
x-Y rrsP-30

cY I-O4
x-Y usF-10

j^D-23
x-Y ttsF-e5

ÞlL-71
X-Y l"lSB- r0

I tl 4-a

c 8' 2e

c826

oP2?

o I lq

0 P 12

l .î1

t 2 t^

l : lÉ

!3?O

tl27

c 7c 2

6 I t5 c l4 l0 -67 ?0 -58 21 2064c0

é 3 t2 5c l8 1! a5 4'! 4l l? 2052?8

ll c lî :o 8l á 14 9 207425

É ! !? ?. lç l0 Ê2 5 05 A ?01443

6 1 t,2 E le 10 !0? 4q 4t -tl 2o52t7

f 3 13 t5 lB to. t?2 50 27 28 2O5t26

LÞr co¡rsr Îc LnDc?

é " ?l :l lo 10

F
À

a2 a 
^? 

q 206a1 ..

ô ?1 '1 lc rl 64 4a ?9 11 2047ê1

6 2 
'l 

?t lc !0 r? ? l" ? 2D¿.q0?

6 1 ?l 3l !a lo lÍtP 5c _lc -12 7017?0

ó ? 2l -2 I lq !.1 135 cl 2S 26 2O4tê!

t 1 5f 41 1ç lC ?8 0 00 l? ?0651','
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VEHT CLE

$tc-el
x-Y LisP-,20

rlL-?t
x-Y usP-30

BDÂ.02
x-v usF-to

rcia-?5
I-Y L.SB-1O

cvl-c4
I-Y.US8-30

plc-2a
x-v use-Fs

GYr-14
r-v UsF-30

GCS-28
X-Y LSP-F'

GYT.I4
. t-Y usP-30

! RATÂ9 TABLF

TF ACK ING I I{E

_HÞS r{fÀ SEC

I 1l 3t

Y RÄNGÊ

t 20ê024

7 20ê9al

-é 2061ê3

lç 20{?25

OAY HPS

óó

66

é6

ê. ê,

êc

'6 ê

6. é

êC

ó8

68

ó8

É r.8

.å8

srarlc^l acculslllcfJ DAla

t¡Y Frs sll\! sEc FÅ Drc Âz ELV X

â f tl ?t 20 ll ¡3 ?3 57

SÎÂfTON TEßIIiIATION DATÂ

fr l 
^¡ 

s €c P/¡ DEc Âz €Lv x

22 
'2 

20 ll 9t 50 t0

22 ca 2l ll s4 31 59

2?. 53 20 ll to8 44 44

22 5e 2A 12 -2C éq -7

2! 4 20 l1 -tél 1? -¿

23 e 20 tl -t4P 51 2e

225Z2tll805e5

22 53 2t tt ?? t -85

2L 13 22 t2 93 30 60

2t192211e3251

4 25 2i .12 l.r3 7.1 t2

21 2t 2t t2 t.lr .5é 3l

2t ..28 2.1 12 ..!3r .é-t .lé

Y

-2

-4

-12

20

-1é

-1?

:lC

'??

-2

6j

-5

-13

-,20

RATIGE

205t66

20ê197

zlJr547

?o47A9

2C4727

2Ctt28

2l¡1692

2C7.9_16

206395

206ó.99

2o49Oó

2952p3

2C5oto

t l! 1tl

I ll 30

I ll 3(

I tl 3t

6 5 ll 2? ?C l0 87 1á 74

6 5 tl ?7 lc to q1 ic óc

Å r ll 25 tc .ll 2e 6q ll

ts
À
¡\¡

c

l ;ll 3t

c22+?

:r

t ll 4?

5i

tl

éti

(a

ê?

ê'r

6?

tt1

t?

.l t l4e

lo -1.4c

ll 7e-

ll 17

l: 8s

ll 84

ll a8

.11 10 I

ll I'l ç

l? -t?

?c o

90 t2

-90 71

154

-?9 78

?7 -4

t8 -8

33 -t?

2046c0

204ç31

20e?12

201eeê

20?t58

201427

àososd

20t174

2o..t2s1

It

It

¿

l7

9

o

?

s

ç.

32

?7

lc

?r

3C

a1

34

?4

!8

lr

lç

¿o

zl

?l

2t

20

20

20

?c

6C

c

c

l5

ll

Ál

42

54

Gtß-2.
I.Y USP.8'

I tl 41

¡l{G-91
x-Y rrsB-lo

'!t.IL.-t.l
x-Y usP-30

I t.l 5l

I ll 1l

:83¡tsO2
I-Y USc-30

J rr ,5r



VEHICL E

acN-rq
X-Y US¡-?O

cY I-04
l:Y USP-30

¡.ao-23
x-Y usF-85

GYr-l 4
T.Y USP.3O

I RADÂR IASLF

TpÂcK ING TJsF

HRS PrN SÊC

r ll 54

SIÀTICIt ACQUI sT TI If! DAIÂ

taY trÊs plt\ sEf Êa DFc /¡z ELV x

ê 1 ç ?q la l?- -44 5t -ZO

Y P Â¡ICE

l9 205002

STÂTIOT{ TERilINAT¡ON f'TÎA

DAY HES YIN SEC ßÂ DEC AZ ELY x

ó I 2t 3? 20 t2 -ót 19 -31

V RII{GE

19 205514

! l! 5l 6 1 ç 45 19 ll -t?2 6ó -18 -15 204904

ê 7 ç ¿c lc 11 -1j1 51 2E -29 ?053-85

é c ? 5é ?.t t2 l2e 55 20 -15 205085

6 q ? 90 2L ll ?c 41 4e _? zo5qte

6 9 1 52 71 !l lol 34 tó 54?362ê3

ó I 2L tl 20 12 -lo9 54 -35 -11 20539?

6 8 2t 40 20 lt -lt2 t0 21 -15 2059t1

ó l0 te tq 22 12 llt 5c tt -L2 20t¡r50

é to lç ?c 22 t2 tl4 48 2A !8 2057a'

6 ¡O lq 27 22 12 112 7? 2 -tó 2O5O02

ó l0 tq 28 22 12 -104 73 -t? -¡t 20501ó

6 to te 31 22 t2 -L44 ó6 -t5 -19 20t160

ê . l0 lç 31 2l t3 -?3 22 -61 16 20ó991

6 l0 1ç 41 2t 12 -el 29 -6t -t 2Oê61t

é lc lq le 2t t2 -90 tç I -?l 2071?ó

6 lo te 14 2t t2 82 t2 ?8 I 20?5?0

ó 12 !? 43 2? 13 0l 39 5t -t 2062Et

l 11 52

I ll 2q

GDS- 28
x-Y usB-95

frl L-?l
x-Y. usF-3C

rilG-ç I
¡-Y USP-30

8cA-O2
X-V IJSF-1O

10

cY l-o¿
.X-Y ¡JSF-lC

nÀþ2?
X-Y US F-Êi

HÂT- ! 2
I-Y USB-30

I tl 27

'I ll ?z

I lt 29

I tl 2e

1 lt 7f

| ç ? éc 2l l? 1?ç q5 0 -5 ?o41e4

6 c I : 2l lt \'tz 6c 3 -21 204993

{ ç f ç 20 l2 -bF ?q. -50 t1 ZO'OSq

I c a r: 2c 12 _lcr 43 _4ê _8 ?05q20

å ç Ê l¿ 20 !! -:O? 3! 20 -fê 2Cé38F

1 9 ?t 15 ?Z t2 1? 0 90 t? 20-?336

4 11 t a. 23 12 q5 23 67 4 207A26

l-¡
Ä
t¡'q

usÊ-
!Ci¡-7
x-Y

¡il??

r tt ?5

a 5? 59

HA¡I. I2
x-Y usF-3c

r 11 4ç

G



eo
VFH¡ CL E

6Yr- ¡4
f-v us¡-30

6DS-28
r-Y usP-35

xlL:?l
X-Y USB:10

ÄNG-çl
l-Y US¡-30

8fÂ-O?
r-.Y tisÊ-30

l-í. t'l :
Iiir- '. '

I FACAR TABLF

TR ACT I NG 1 I'{€

HFS frIN SEC

' I rl 74

l-_lt t4

I lr 52

I lt !3

I ll -rl

c413i

c 58 le

STÂlICN ACQTJISTTTCI'I DATA

tÂY Fps rI[ sFc Rô 8Er. ÂZ FLV x

é lt 5 5? 22 t-2 t?5 65 ?r

å ll ê ? 22 L2 l?1 56 22

5 ll .22 !? -l4c ?l -lo

Á l! 5 lc z7 a-2 -cÂ 62 -28

Á . I I é l0 ?l .t2 -t?t i9 -2'l

A ll ó 15 2t 12 -1\ lt -7?

ó lr. É l¡ 21 1.2 -83 ¡0 -35

4 !t 4 !! 2t t2 -8é lE -72

é 13 4 11 23 13 .q7 5C.40

é 1l ¿ ?7 2t L2 _11.- 61 . 2t

A t? 4 2E ?? !3 -t52 13 -8

a 13 4 7l .?2 12 -loÉ 50 -3e

-14

26

-15

-3

-l?

l4

-78

4

-4

-2

- 1.5

-l 0

E ANGE

205244

20 q4ç 5

205098

205321

2054t1

20761 6

201725

2012t2

2:5e eo

205327

iose r r

205? 2e

-t2

-t

€

-25

-51

-12

SIAT¡ON fER"INATION DTÍA

DÂY t{RS TIN -CEC RÂ DÊC AZ ELV I Y RÁ¡G€

(r 12 l? 51 27 13 ló? 71 4 -15 2O5l5O

6 t2 l? 5t ?3 t2 t5ó 65 27 lO 205329

6 t2 t? 5ç 22 t3 -llt 6C -27 -t3 20511Í'

6 12 l8 3 22 13 -89 4j -45 I 20éOlr

6 t2 18 | 22 12 -tO? 46 -.? -ll 20te89

ó ll 54 l1 22 13 -71 0 -90 t3 2lJ128!.

6 12 4 31 22 L2 -74 O -eO -74 207738

6 t2 t8 I 22 t2 -?8 { -8ó 12'2C82t7

6 l4 t5 48 24 t3 tO? 65 2a -? 20546r

ilD:23
;. l:Y. OSE-85

CVI7A1,. - --I:l, US8-3.0

rl|I=f! , - ...
;. f3V .l.lS8-jO

GDS::?$ . * .,

: il-Y,US8-e5

GIttl¡ ...rl
¡IrY US8-3O

rllr?l - ..
- |gt:!lSF- rO

rl.1¡Ê1., ;-..,
rlç|l , USB-3O

r!. 50

F
Àà

! lr ?l

t ll t?

É 13 ¿' 3? 22 t3 -3ê 34 -56 3 20c5:1

ó l4 15 5e 24 13 -13? 62 22 -19 205'61
:. ' ..

2A5559

20é569

2C15t2
-;_....._

tl

ll

62

t:

l8

3C

rt ?2

é l{ l5 58 2t t-2 -tt?

I 30 6141652a 13 -95
.:

t3 -81I 6 14 16 to 2t



VEh ICL F

8DÂ-0 2
x-Y us8-!0

Gl[r-?4
x-Y usF-30

ltSX: ?9
x-v usB-e5

r-sK-25.
x-Y u.s8-e:

GYt -24
.I:Y US B-30

t ¡H-t2
T-Y., USB.3O

GD.S:28
{-Y U<c-P5

I ç¡.C¡R TÄBLF

TRÂCKING 1I¡F

FES {TN SEC

! !l 20

STAIIN\ ÁCOUISITITN DATÂ

ÍÁY l-R S I lr\ SEC PÂ DFC a Z ELv x

6 l? 4 1c 22 1? -ce ?6 -54

Y RANGE

-'t 206450

t.t ?O7é16

'r3 2017 2l

ó I 20?ç?6

e 201211

-e 20t?2?

STÂTtON TERI'INATtON DÂfÂ

DAY FRS f.4 IN SEC RA OEC ÂZ ELV X

ó 14 1ó o 23 13 -88 22 -68

Y RAIIGE

2 201tO?

0 t3 ?:

c li 5c

c tl 4l

c ll 3ç

c lt 2e

å l? 22 2 24 !? '1 0 30

a 12 cc À1 14 14 ?3 0_90

á l: 2 12 ?4 !r. (.? !2 -65

ól:2t4?51"8123óé

é l: z. 2t ?4 13 t2ê 15 L2

6 L4 15 38 25 t? 79 12 78 ll 207841

6 t4 t 5 33 25 14 ?l -2 -8! 7A 20et18

ó 15 13 5t 24 t4 61 L4 -63 tA 207226

6 lt 13 53 25 13 e2 2e 64 1 2C65t9

é t: l? 5t 24 t3 1t3 11 e -9 204718

6 15 13 tt 2? 13 -tt€ q2 2A -?t 20!-351cil?0 é l5 2 ai ?? lf -l2l 5¿ 20 -30 20te94

ó l: 2 ,2¿ 7? l? -!0É 52 -l? -lC 205924

4 lç ? 40 2a l? -Fo 2A -54 I 201140

4 lc ? 41 27 13 -q2 12 -t8 7 2C19C(,

6 t5 13 53 2t t3 -8E 23 -67 2 206tO2

6 L5 13 5' 2t t3 -81 l0 -80 9'201472

ó 15 l3 53 2? l3 -78 4 -8e t2 207191

6 l5 21 3ó 2t 13 -76 C -90 t4 207380

GYlr-l¿
r-Y USF-3C

tllL-71
r-Y use-30

8CA- C 2
x-Y LSP-?0

ÂNG-q I
I-Y USF-?0

ANG-91
I-Y USP.3O

804-o?
x-Y usB-30

0 rl l9

0 !t 13

o ll t?

c !l ll

0 lç 28

c :l ??

L']FC? TC I!I

4 15 14 c

6 15 13 53

ó 16

2? 13 -104 5C -39 -9 205439

41 24 13 -14 C -90 L6 20e272

ts
A
(tl

Aì ?4 21 11 -:t8 7 -3¡ ll 208212

27 l? -78 4 -e,5 12 201788

6 15 14 ç 7,? 13 -cl !c -1o 9 2Q146?
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VEHTCLE

HSt(- 2 5
x-Y usP-F5

Gl¡F-24
x-Y use-30

HA¡,- 12
x-Y usß-30

6Y¡- l 4
x-Y usP-?o

GD-S¿ 28
x-Y us8-85

f, f L.:? I
x-Y .us8-30

cf(Þc8 0
x-Y Úse-:ro

cßn-c8 " I
r':V úsB-ro

trs{-?t' r'l:Y 'USF-e5

I RADAR TÄBLE

ÏR âCX ING T TI{E

HRS XIN SEC

05948

05954

l0ç

I c 18

lc20

lc22

?4

26 64

't7 9

50 -40

.? 20

2? -51

oe0

ll ?9

10 -5?

1l . 48

51 38

12 -11

32 l0

20652t

2A41 05

20547-9

20:3( 0

2066ç2

?çs¡çc

208t48

20 ?cé3

20 6e e3

2o6oç c

¿0 55 ló

206944

Y PAilGE

45 207761

5 2065t5

-e 2lJtt61

-3 20óó56

ST¿TICN ACCUISITICN DÂTÂ

TÂV I-PS fqIN SFC FÅ DIC A7 ËLV X

ó 15 l¿ 9 2A 14 ól 14 -rt|

Y R AÀIGF

58 207211

S1ÁIION TERTTNATTCN DÄTA

DÂY HRS ¡ITN SEC RÂ DEC AZ ELV ¡

ó té 13 t6 25 14 51 2_2-56

6 15 t4 ç 25 t3 82

6 15 14. c 24 13 l?4

4 15 14 9 ?3 l? -!0?

å -l 5 14 c 23 jl3 -lte

é 19 L4 ç 2' l? -37

1

-9

-33

2

16

2L

39

3

13

-58

élét422514834C5C

é 1ó t4 t8 25 14 -l5l 80 -5

6 t6 14 26 24 t¡ -91 17 -52

Ê, Lê, ll 48 A ,lf 14

é 16 t4 29 24 t3 -lO4

é té t4 31 21 13 -el

é ló 13 52. 26 l{ ?{

ó18L212ért59

á l8 12 a 2c, l5 .22

{1 lé

rr -?:

c90

21 ç.?

3? -51

,q 21

68 2,2

57 -t3

l8 -12

-47

9

l6

?r

.lt

a5

2

-+

-rt

2f)ê113

208093

20eó?ó

20?+r.ó

2098o?

206?05

20:69 t

20óot3

2I¡?802

ll 24

ll 2-r

6 lt 0

6 t? C 42

16 2e. 14 é,9

25 t4 4c

ßo

P¡RT
IUST

Grïj24
r-'i usP-30

s I tl 24
RALIA

I tl 2t

át?c1225.1442

é l? c 41 2Í t¿ F5

é l? I 2 24 14 -ll5

6 l,? r' !1 24 l-1 -çó

ó18l?1261521

6 l8 12 11 26 14 8E

F^rjl2
x'-Y usF-30

Gdsjzô" ''
'x.:v 'rísR- 

Ê ¡

1 t.l 2'' 6 18 12 20 23 14. -98

q lq, 12 38, 25 14 -8CI l. ! 2'ê-
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VEI-ICLF

GYrr- 14
I-Y USB-IO

I tL-? I
r-Y us8-30

CÈo:ce
r-Y USB-30

P¡FI( S

IUSTRÀL TA

Hsr-25
I-V USF-8!

&tta724
r-Y. usB-30

I ÊÂrÁR IAFtE

TE ÄCK ING T II,IF

H9S NIN SEC

r tt 23

..<TAf ¡g¡ ÂcouI sITf cñ !-tÂTa

[ÂY t-Rs rlñ sEc RÀ DEc az ÊLv x

^ l? I 13 24 tl -Þç ?-1 -6t

Y RANGE

L ?0720?

I 5 2-08? lO

?? 201063

41 20b645

6 2067t6

| 205t6'l

-2 2064êl

l4 208?93

SfÂf TON TEFI'INATIC{ DAÎA

OAY H9S ¡IN SEC RÀ OEC AZ ELV X

ó l8 12 3t 29 14 -81 12 '78

Y RÂN6E

9 208153

v 2oàe7e

tt 206675

18 206181

0324

I ll .41

ó t? I l4 24 l? -75 l-8e
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6 22 e ?7 28 16 -é {ç -5 rl 20é560
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HAIÞ l2
x-Y tisS-3c

1 RÂT¡R TÂ8LF

TR ACK ING f IYE

HcS rlN SEC

I lt 21

slalJcN acoulslllfiN oÂra

[ÀY ÞFS T¡Ñ SFC PA DFC ÂZ ELV I
6 ?O rr 3't ?e 14 -a2 I I -71

I CANGE

F 201921

STATTON ÍERPINATTON OITT

DÂY HAS ilIN SFC RA CEC ÂZ ELV X

6 22 9 1 21 15 -76 4-8ó

Y RAI{GE

lÕ 208e3?

c Ro-c Ê

x-Y usB-30

Gtl.- ?4
x-v usF-30

r^D-23
T-Y USB-85

tt 49

llo:ó

1 ll 4e

6 22 55 ?C ?.'t 1ó -21 41 -20 39 20á7-"0 ?c?o281é-12

? c 7 2C 28 15 -19

7 0 ? I -ao 19 8l

7 C 7 ll 28 lé -ê1

3F -41 t6 2fJ1219

2e -62 I 2A1111
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,1 -74 -é3 208899
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tç ?c l9 2c8336

2C, 64 a'20?969

e 22 55 1
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: 2? 5å a 28 l¿ ll c -o0 "l 2091ç1
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tç5, t ^2'! t1 lé 21 16 -5-2 le -ó0 -49 2O80lO

cY¡-o¿ e
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I-v USF-3O
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i:Í use-ro
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lr 2t
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ll 47
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72
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/U¡G-ç I
x-Y use-lo

llrc-g1
I.Y USF.3O

xI L-? t
T-Y. USB-3O

I RAC¡R TASLF

Te ÂcK ¡f\¡G T ItrF

riRs NIh sEc

I tl 41

03421

rAY FR S i¡ I\ SEC

1 2 51 42

r:t 1c FI
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7 2 52 I ?9 t6 -êP 7 -82 22 20çOEa

l7 12 3t I 5 'r? o 90 l8 20837ó
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1 1 50 ? 22 ló 7e t9 7I tl 2085:3
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7 4 t0 r ?l lr 47 54 ?B 24 20é8ç6

a ¿ ,c 12 -11 l¿. r 01 5? 27 _C 206ó48

1 4 :C tt 1l !ó tL, 12 ?4 ló 20é6¿2

SrÄTION rERr.rINlTltN DÂIA

DÂY llFS ItIf\ SEC RA OEC AZ ELV I Y RâNGE

7 4 1 2c 3t t6 t27 55 22 27 20619e

7 ? 26 23 29 l7 -72 0 -90 l8 208238

7 4 3 24 72 ló 77 9 8l t3 209lJ7t

7 4 7 2L 12 16 75 e 82 la 209137

7 6 | 27 3t tr 8l l5 55 7 2017e6.

7 6 L 2e ?2 ló El t9 ?l ¿ 20862t

? ó I ?0 :t! 16 91 33 51 -l 20?868

STÂIT:I\I ¡CCUTSITJcN OÀTÁ

eÂ cFc

30 ! c

¡ z Ft v

loî 4a

X Y RÂNGE

l? 43 2071ó8

o.ê12

c 3-. a4

I tt 2,

1.

I t¡ 2t

tc¡-02
I-Y USF-10

I rt 25
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t ll 21

I lt ?9
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l2 .,1 22

lo 57 46
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7022462t
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x-Y use-?0

cvl-04
t-v usF-30

iao-23
x-Y use-85

p¡F¡< s 4
ausle aI I Â

rti-?1 13
I.Y USF-85

.,. ;.lr
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1 RÂDAR TABLF
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HRS I'IN SEC

e 5c 2l

SIATTCÀI ACOUT SITICN DÂfA

CÁY FRS YI¡I SEC RÂ DEC A7 FLV X

7 6 31 9 32 16 96 41 4s

Y RANGE

-5 20q03s

S1ÂTION TERI,IINAT¡OfI¡ DAI¡

DAY HRS I'IN SEC RI DEC AZ ELV T
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t8 192521
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7 a 44 ac a2 !É 1c c -ç0 "0 2!.o0.??

? " 56 ? 32 lá 73 0 90 11 2Û1ll2

t 13 4ç 5f ?3 16 74 0 9(} !5 lcf3é5

? t{ l? 41 3? l? é9 C -sO 69 10593¡

7 t2 24 29 3l ló
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TFÀCK TNG fI¡E
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t3 15 1
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9 5 c 37 40 14 74 0 90 16 11162ó

c ? 4 Îe 4l l¿ 75 0 oo 15 to54c4
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Äc qui s it ion
range,
n. ni. .

range,
n. Ei.

2o3 625.76

201+ 960.83

2ol+ 863.16

203 978.19

2O5 295.72

zù 162.98

205 8l+0.7Ì

2O5 9L5.98

205 07\.39

2o5 896.37

206 L5L.5r

zd¿ 619.6

2a\ 29\.5

zo:;>0.8

l.lui-n'@
eIe.t4'"ion,

deg

)r.Õ

Òat

25.O

13.1

2L.6

\2.\
tt ?

10.9

26.5

12.2

8.3

27.7

30 .0

36.6

13 .2

Coverage dwaiion,
6.c.!.r

h¡:bin: sec

0:1!:0!.ì.

0: t9:16.2

0:19: l?.5

O :19: 2)¡ . ?

1: 08: I+7.0

.t : 08: 52 .9

1 : 03: 15.7

0;57:l+0.0

l:o8:\L,9

O:5?: L9.1

O:36:I5.2

I : lO: I¡l¡ .?

L:10:l{0.8

L:10:l+]- 1

1:10r39.0

Signal- l-oss,
8.e.t - 'day:lù:nin: sec

5222:30:56.8

5:22:31:0lr.O

,:?2:3Lt05,2

522t3r:l.2.lr

6:Oot28zZL.2

6 : O0 :28: 3\.0

6:OO:23t02.2

(1gg1tl226.7

6:OO:28:\2.6

6:O0:28:18.3

6 : O0 :28 : 10.0

6:02:25:l8.3

6:02:25;25.6

6:02:25:3O.\

6.02125.\L.5

Signal acquisltion,
8- e't "day:ÌE :Ein: sec

5t22tII.\7.7

,.22tLLt\'1 .7

5t22t]-Lt\7.7

5t22tll.\7.7

,t22:].l-t\I.7

5:23:OL:25.3

5:23tf9;3\.2

t t23,L9 t\L,2

5t23tl-9:\6.6

5 t23:L9:l¿6.'(

5t23t2OtOO,'I

5:23:3O:29.L

5:23:3O237.6

5:23:51-:51r.8

5123,59:\9.9

6: OOr 38:56.I

6 : OO: 53 : 56,1

6:01:08:56.1

6:01 :11+: 37.6

6:01:11¡: )¡)r.8

6: 0l: Ll¡ : !9.1¡

6:Ol tl5:O2 .5

6:01:I?:lrll.5

6: Ot : 20: l5 .0

6:01:21:28.3

6:O:.:23:06.?

6:OI:2\ t26.3

6:OL:lrO:OO.o

RDR

RDR

RDR

RDN

Insert ion

23 CR0-08 X-Y USB-30

29 HSK-25 X-Y USB-85

3I Puks Àustralia

d1 CÌrl.r-21¡ X-Y USB-30

28 MAÐ-23 X-Y U9B-85

2j CR0-08 X-Y USB-30

31 Pùks Âustralia

29 HSK-2' X-Y UoB-85

d1 Clt -21¡ X-Y USB-30

2I cYl-ol+ x-Y UsB-30

Plane change

22 ACN-75 X-Y USB-30

CDH

TPI

MC-r

t¡¡c-2

22 ACN-?5 X-Y USB-30

2r cvr-oL x-Y u9B-30

28 yr.4Ð-23 .X-Y \itv-[i'

?3 CR0-08 x-Y utP-30

FirsL braking Sate

Second brsling Sate

Third braking Sate

Foùth breÌÌng gate

l'ifth brakinB gate

loc k ing

¡.{DR

RDR

RDR

RDR

RDB

RDR

RDR

RDR

RDR

TABLE 1.].-V.- MISSIOIi RADAR TIÌ{ELIlifl - c).'::*ui:..-:',4

(¡) LM acquisition and termination - 0o minimurn eifjraticr,

203 625.76

20! 960.83

2ol 863.16

203 978.19

206 9rL.r9

2O5 r2r.28

206 695,2r

206 717.68

205 883.93

206 880.70

?06 2:-3.89

2ùþ 4b). >

206 3o2.3

205 881.8

206 l!d1.2

P
I\¡

(^)

e



TABLE 1.1-V.- MISSlO_N RADAR TIMELINE - Continued

(c) CSM acquisition and term¡nat¡on - 5" minim¡m elevation
VEH¡CLE

T NSE RT

SHIPI

cYI-04
x-Y us8-30

I RÂDÂF 1A8t€

TRACK¡NG TIXE

FFS qTN SEC

o?ó0

o 4 58

S1!lION ACOUTSITICN OATA

LIÂY HRS qIN SEC FA DÉC AZ EtV X Y

o o ll 5? 145 57 -22 t4 -ó5 55

0 0 t? 42 -ló5 l? -74 5 -85 16

o c 5t (8 -45 -47 -l4l 5 -82 -51

o o 53 48 -45 -48 -l4l 5 -82 -51

, ST'ATTOII IERilINATIOT{ OATA

OAY hRS I41N SFC RA DEC TZ ELY X

oo1453--t276t584

FAiGE

?t6

5e7

988

988

.5e3

t94

óoo

fcc

É00

é01

éol

col

5ç3

Y RAIIGÊ

27 ôOO

cß(Þ08 .

T.Y USB-3O

cß(Þo8
lZ-Et FPQó

HsK-25
x-Y us8-85

GYil-1 4
¡-Y US8-30

r tL-? I
.I-Y USB.3O

XLI-71 O

it-Êt IPars

cìY-31 o
IZ;.E'L- FPSIó

8Cl-O2 0
,t-y USB-.3O

B0lÊ02
.,lz-Et. FPQ6

¡ TSE PT
.ìsti.¡ P.1
.......:
cvl-04
x-Y us8-30

o254

o254

o322 o I o 5ç 35 la -t2 5-?9-él

o o 22 40 , -lE ll4 5 g5 -2:, 5çr1

0 0 5ó 42 -L17 -52 l+ó 5 81 -5ó 567

o o t6 a2 -r'1l -52 146 5 8t -5ó 587

o 1 4 2l l4l 4! 26 5-84 zö 5Sz

0455

o4t6

0 I 29 27 l4l -24 -l2l 5 -84 -31

o I 36 19 148 19 -?l 5 -85 19

G I 34 2t -s7 l:t 78 5It L2 5fx)

0148t52092565-2597

o I 3ó l7 t¿8 le -11 5 -8t 19

o I 3tt l8 148 19 -tl 5 -85 19

o I 40 
'3 

_l? 21 62 5 ar. 2A óOl

o r 40 53 -l? 27 62 5 E4 .28 óOl

o'l 40 t5 -17 27 62 5 E4 2E óOl

o I 44 40 -ló -2' 95 5 85 -5 óOO

o I 44 40 -16 -2 e5 5 85 -5 óOO

a15

4t6

51 I
Urè

05t

o I 3e 39 171 7 -85 5-85 5

o t 39 t9 t?l 7 -q5 5-85 t

o¿t1 0 I 4t 21 178 25 -64 5'84 2ê

o I 52 I -ll2 -32 -130 5 -83 -40o I 3? o I t3 38 -,18 -55 -169 5 -6ó -?8 590



VEH¡C LE

c Fc-o 8
x-Y Us8-30

cRo-o8
¡¿.EL FPQó

Hrl-I2
X-Y USB-30

GCS- 2 I
x-Y usB-85

6tr,r- I (
x-Y usB-30

I RACAF TAEL E

TRACKING TfIIE

Hris i,rIN sEc

0343

SIATJCN ACOUlSITICN DATÂ

DÂY HR.S I,IIN SFC ÊA DEC AZ.ËLV X Y

o 2 26 4a -22 -48 -l4t 5 -82 -ft

R AT\G E

o 2 26 45 ¿2¿ -48 -L4t 5 -82 -51 5eó

ILI CUTCFF 1O NFR ¡IANEUVEÊ

o 2 52 44 -134 -3ç L46 l7 61 -53 ttz

STÂlION TERI¡INÂTIOÑ DATA

DÄY hRS {II.I SFC FÂ DEC A¿ ELV.

o 2 30 28 -l?t -2e 120 5

o 2 5ó 9 15? -le -117 5 19 -62 tç20

a 2 só 34 l4e -2 -o5 5 -85 -5 t6C9

o 3 0 4l l?4 10 -¿l 5 -85 r¡

84 -tO

o 2 ?o '27 -1?l -29 120 5 84 -30

o 2 58 50 -85 15 15 5 85 15 2098

0 lt ?4 .58 -28 L -92 
' 

24 -A5 7+158

o 15 lo 25 -29 I -91 5 -8t -¡ 726L6

c 13 4 27 -30 ? -90 5 -85 0 ó+tlE

o 5 ?7 5 -4t t0 139 66 1ó -18 2:lroo

0 lt t6 25 -32 3 -90 5 -85 0 5?521

c 5 31 tt -4t e -174 61 -? -2t ?t10,0

0 tl 42 39 -32 4 -88 
' 

-85 2 58527

c 5 3ó 3ë. -46 10 -l3O 61 -2L -L7 234OO

0 8 19 58 -38 5 -87 5 -85 3 +2aO4

0 7 2e 40 -40 5 -88 5 -26 -84 37707

t8é

¡Y RAf'¡GE

å85

5850342

067

t2 38 49

12 13. 5t

tll:7t lO
x-Y use-30

ftlÂ-? I
I¿-EL fPQIs

346

2162t

2=Ci

B0r-02
x-Y us8-30

I 53 t4

0 3 0 4t t74 to -el 5-85 9

o 3 l lt -1?0 t0 -82 5 -85 I

o ? 3 12-170 l0 -82 5-85 8

0 3 4 45 -lé9 Ze -f4 5 -84 2ê

0 3 ó 3l -156 l5 -14 5 -eE; 16

o 3 i7 e -121 l3 -72 5 -S5 l8

0 3 2t 3 -t08 L2 -?8 5 -ê1 -71

2505

3 059

3o t9

33ç9

3?e3

5 q7ç

67.7

F
I

Ul
UI

BDr-0 2
AZ.EL FPQå

ItrG-î1
x-Y UsB-30

¡T{SERT
SHIPI

cY l-O 4
X-Y USB-30

tt rÙ-z7
x-Y us8-85

233á0

83?54

?to5

s 2 5l

4837

Ç



v EHtc t€ 1 RACÂR TAEL E

TRACKING T II{E

HRS I,IIN SEC

425t5lcñ-75
r-v us8-30

.Htt-12 ll 55 48
I-Y USB-30

Ghr{-24 11 30 I
I-Y USB-30

HsK-25
x-Y usB-85

lo 54 28

PâRÍ,S
IUSTF TL ¡A

r, 42 39

SIATION ACQUIS¡TION CAT'A

OAY hRS I¡IIN SEC FA DEC ÂZ EI.V X

o 3 2S 56 -lO2 t3 -5ó 5 -84

oó375a-!t8e4585

o to â2 58 -27 4 87 5 85

c rl 2 45 -27 7 7e t-é8

o 13 t0 .?2 -26 5 é0 30 5ó

0 t3 18 13.-25 
' 

e2 5 85

o21200-21-lç5r4t

O 21 55 53=21 t e8 5 85

o 22 2'51 -2.1 ..0 .q3 5 e5

t l.9 12 :20 ,-l f? 5 85

t 
.l 

2, t2 -2O -l a4 5 8:

L22741-19:194585

. TRANSLUNÂF::.COASf TO LOI¡

I 2 92 5t -2t -2 -1e0. 48 42

Y RÂiGE

34 8216

6 326)I

3" ' t 4Ê.2tt

71 ;t5é5

26 53333

I 65249

8 3 ? r1.eo

2 95ê.48

-? 9éCCg

-2 LO52A5

-4 t05ç52

-4 108ç39

o t0??éo

, STATION T€RIiINÂITON DATA

DlY hRS HIN SEC RA OEC ÂZ ELV X

o ? 54 3l -40 9 -El 5-85
' 

R NGE

9 +OOll

cR(ÞO6
x-Y usB-30

lllD-23
x-Y us8-85

¡Ctl-?5
x-Y usB-30

ll 9 te

o l8 ?3 46 -26 t -91 5 -8' -l E+7ô¡5

o 22 2t 7 -24 0 -91 5 -85 -l e70.39

c 2L t't 13 -24 2 -91 5 -50 -82 957L6

o le t! l1 -25 2 -Cí tO -57 22 A7757

I O 21 3t -23 I -8? 5 -85 3 103l9t

I 2 t2 44 -2t -2 -l8O 48 42 O lO?753

I 2 
'2 

44 -21 O 53 77 11 I lOó982

I ' 2 52 44 -21 .-1 l5? 59 t3 -2E lq?3t5

I ? 52 L4 -19 -l lol 29 .60 -lO lO8ó19

L 2 52 4¿ -20 -l tO7 27 66 -ló IOE9óO

L 2 52 44 -le -t 91 ¡0 80 -7 to9ó9+

I 8 t8 45 -21 -2 -97 5 55 -8t 1¿37E1

5?2{3

4 56 5l

CYT:04
r-Y us8-30

!.:

ll{G-g1
I-Y USB-30

3CA-02
x-Y us8-30

ô ,49 +9
F
¡

l¡o
t 43 .?

t27L2

¡ ¡¡:?t
x-Y usB-30

ÅrD-zt
r-Y . USe-35

o225é

52552



V EH¡ CLE

cYl-04
¡-Y U58-30

ÂcN-? 5
t-Y usB-30

T RADAR TABLE

rP ACK ING T I t{E

HRS I{ IN SEC

ó 18 43

DAY HRS I,IIN

t2J2

STATION ACAU¡ S¡T ION. CAf A

SÊC ÊÂ DEC ÂZ FlV X Y FAÀGE

,3 -2t -1 t:7 59 L3 -28 107282

STAlION lEFTINATTON OATA

oAY l-rFS ttIN SFC PÄ DEC A¿ ELV x

1 9 1l 3ó -21 -2 -99 5 -85

Y RA¡.G€

-5 125E70

5208

I 2 
'2 

53 -lc -t l0l 2e ó0 -10 108é24

| 2 52 t3 -20 -l 10? 23 66 -1ó lO8çéé

| 2 
'2 

Jt -2L 0 :3 77 10 I l0ó98e

| 2 
'2 

5? -le -t î7 10 80 -7 109é99

L 4 t2 I -19 -l ç4 5 8 5 -4 114'2?0

1 5 O ltl -19 -2 91, 5 4a 82 tl5:82

l e 13 I -21 -l -90 5 -85 0 L25927

L L2 2l ?2 -20 -2 -94 5 -85 -1 L7)O76

I t2 21 23 -20 -2 J96 5 -85 -6 L3t290

1 13 23 1,7 -20 -t -96 5 -85 -ô 135704

r l5 35 l0 -le -t -9ó 5 -85 -ó 1399t5

l 15 55 59 -le -' -97 t 55 -El l+Oô92

I t8 ?4 49 -19 -3 -95 5 -85 -5 l+óôó3

| '22 30 t3 -t8 -2 -89 5 -13 -85 153t35

| 22 4t ,3 -18 -t -94 5 -85 -r lt37t9

1 20 31 9 -18 -2 -71 30 -5e L7 L18tt2

2 0 :3 tt -t? -2 -90 5 -85 0 15?ó98

2 I 24 48 -tó -4 -lOO 5 ó3 -79 1700ó8

Af\G-g1
x-Y use-30

9 28 3ç

BDA. O 2
x-Y usB-30

9t430

r{ IL-71 lo 4t 0
r-Y USB-30

GYrl- t4 I I
T.Y USB-30

32

GDS-28 tO 55 42
¡-Y USB-tl5

Hlr-l 2 I I
x-Y us8-30

527

HsK-25
T-Y USB.85

ll 15 3ç

Gr!þ24 tl
x-Y usß-30

e21

PIRKS
AUSTF IL T A

7t241

cßo-0 I
r-Y us8-30

tt 18 3T

r{ltÞ2 3
x-Y USB- 8 5

to t6 53

I 7 49 2t -18 -2 94 5 85 -4 L226C4

r ll ¡4 ?4 -18 -l e1 5 -29 84 130588
ts
I

Ur{
I t] 32 25 -17 -2 91 5 e5 -3 l3l25t

I 13 18 2t -17 -1 áe 30 t8 l9 133?33

1 I 3 34 t1 -17 -l 8e 5 85 I 135??l

1 2t 47 54 -16 -4 ç9 5 ól 80 l5Zl38

f



@

YEHICLE 1 RACAR ÎÂBLE

TRACKTNG lII{E

HFS IIIN SEC

lt l? 29

SÍATION ACQUT S¡ lICN DATA

DAY HRS I{IN SEC ßA DEC ÄZ EI-V X Y RAAGE

| 22 lO t5 -15 -3 92 5 85 -2 tc2825

L 22 25 t5 -16 -3 só 5 85 -ó 153304

2 L 21 t6 -15 -3 ç5 5 85 -5 158ée5

2 | 46 30 -15 -4 c8 5 85 -8 l:9239

2 2 4a 
'a 

-15 -4 97 5 85 -? l.610ló

2 . 49 4t -15 -4 ç7 5 85 -1 l¡54?é6

2 : le 20 -15 -4 çe 5 59 80 ¡ó51ó8

2 8 t 95 -14 -4 -c6 5 85 -6 t6t5l2

2 lt t7 lo -14 -3 eo 5 ? 8: tt436l

2 11 1t 49 -14 -4 95 5 85 -5 l75CCe

2 t3 20 20 -14 -3 11 30 5e 15 1759C1

STÂTION TERI..INAÎTON DATA

DAY hRS I.IIN S€C RA DEC AZ FLV. X

2 9 27 44 -ló -3 -g3 5 -85

Y RAÑGE

-3 171ôôEl€il-?5
x-Y us8-30

cv¡-o4 10 54 14
x-Y usB-30

Âllc-9 I
T-Y USB-30

1l 3 26

8Ct-O2
T¿Y USB.3O

to 41 l8

trlt-71
x-Y usB-30

lo 5t 43

GYr-t4 lO 51 3ó
I-Y USB-30

GDS-2 8
I-Y USB=85

l0 41 2l

Hft-l2
l-Y uss-30

10510

HsK-25' '
r-Y usB-85

Glll:2(' I:Y US8-30

ll 26 41

ll 4 ló

PIRKS '

IUSTF ÂL TA

12527

cßo-08 ll 21 59
x-Y usB-30

',10-23 rb 22 tt

' i-v usrgs

2 t3 39 7 -14 -4 92 5 85 -2. lt?lt8

2 e 20 l0 -16 -t -97 5 -85 -7 l?ll5ó

2 t2 30. 42 -16 -Ô -96 5 -85 -6 L76L?7

2 t2 ?a 48 -1é -4 -e9 I -85 -8 l752lo

2 t3 40 39 -ló -4 -e8 5 -85 -8 177792

2 t5 4t 2l -16 -5 -98 5 -85 -8 1E057ô

2 t6 0 4l -15 -5 -99 5 62 -79 lEtol3

2 t9 0 55 -15 -5 -97 5 -85 -7 l6l9tl

2' 22 43 68 , -15 { -91 5 15 -85 l8tó44

2 22 48 5 -lt -5 -9ó 5 -85 -ó lE9t¡r3

? 20 4J 47 -t5 -ô -71 30 -59 l{ ¡85E32

3 I 1 ,r -I5 -4 -92 5 -85 -2 L92+*

3 8 22 45 -ta -6 -lO2 5 68 -77 200ô?4

ts
I

ut
@

2 22 0 3e -13 -5 lC! 5 ó6 ?8 188?çó



VEHICLF

a iG-9 I
¡-Y USB-30

egA-02
x-Y us8-30

I RACAF TABLE

TRÀCK ING I II{8.

llPS {útN SEC

11 l7 ?

940+l

9 l8 5t

STAIION ACOUI SI T ION DATA

oAY HRS f,lIN SEC PA DFC ÂZ EtV x Y FÁt\GE

2 2? 15 ¿4 -13 -4 e4 5 85 -4 1891C3

STAIION TEÊI.!INATION OATA

OAY hFS I,!IN SEC R,Â DÊC AZ ELV. T

3 0 t2 46 -14 -6 -95 5 -85

Y RA I{GE

-5 20L970ACN-75
x-Y us8-30

CY¡-04 lO 47 52
x-Y us8-30

3 I 56 48 -13 -5 tco 5 35 -tC 1e3503

2 22 3t' 5 Jl3 -5 ?8 5 85 -8 189485

3 I ?4 59 -13 -5 ç7 5 85 -7 t93C44

.t e le '9? -14 -ó -100 5 -85 -10 20L729

3 ll t5 40 -15 -ó -105 22 -67 -L1 202693

3 11 15 43 -14 -? -112 20 -69 -2L 2028¿3

3 lt t, 4l -14 -7 -L22 34 -5t -26 202073

3 11 15 31 -14 -" -156 53 -L7 -t4 2OL279

3 !1 15 ?1 -r4 -7 -168 17 42 -E 201+85

3 ll 15 28 -13 -7 L26 45 39 -2+ 201567

3 tl t5 l? -13 -6 9? 6 29 Eó 20:¡ó51

3 13 t2 3 -t2 -5 75 28 -26 58 201877

3 t3 t2 t2 .-12 -ó 103 25 65 -12 ¿02079

3 t3 L2 26 -13 -6 167 61 7 -28 200536

3 L3 t? 36 -13 -ó -133 36 4t -!7 201531

I lL-? I
T-Y USB-30

8 l7 25 3 2 t8 tó -13 -5 19 5 85 -9 L94C74

Gril-14
r-Y usB-30

ó l7 ll 3 4 58 26 - 13 -6 q9 5 85 .-9 19,5ç35

3 5 23 51 -13 -6 r0l 5 65 ?8 tç7tc3

3 I l0 4ê -12 -ó 98 5 83 -8 2004e6

3 I t 1l 22 -13 -ó a3 5 33 84 203669

coasï tÀ 60 x 170 fo LcI2

3 t t 47 37 -13 -6 88 13 -9 71 2A2t18

GCS-28
x-Y usB-85

54êó0

HAt- I 2
x-Y usB-30

HSK-25
x-Y usB-8ç

HSK-2 5
X-Y USB-

G¡¡T- 2 {
T.Y USB-3O

Fr¡i-12
x-Y us8-30

GDS-2I
x-Y us8-85

3442

o 3 51 ts
l(¡

\o

8n
L242ê

12430

t243t

12432

3 tl 47 42 -13 -7 e8 5 85 -8 203CC8

3 t 1 47 53 -13 -1 I 35 5l to -2rr 2ooé:7

3 lt 48 4 -14 -7 -I:ê 45 43 -t1 200e8ç

C



e
VEH¡ CLF

GYr-t4
I-Y USB.3O

t ¡t-? I
X-Y USB-30

I RÂCAR TAELE

TRACKTNG TIIIE

HFS r{lN SÊC

121t2

124

STATION ACQUI S¡TION CATA

OAY HF S f{ T1{ SEC RA DEC AZ E LV X

3 I I 48 5. -14 -7 -I44 49 -21

3 ll 48 ç -t4 -7 -l¡6 28 -60

3 tl 48 tr -15 -7 -lo2 l5 -?5

3 ll 48 13 -15 -7 -lo7 13' -?6

3 13 55 {e -12 -5 ç2 ? 8l

3 1? :5 52 -t2 -5 éa ?t 5t

3 13 t5 5? -L2 -5 óó ?t -28

3 13 55 5? -12 -ó 1.t 35 51

3 t3 tó 1l -l:l -ó -t7o ót -5

3 l-2 5ó 19 -13 -6-114 27-óo

3 13 t6 20 -13 -6 -1¿3 2S 15

LPO COÂSÎ TC Lil.SEPIFATIÛ\

3 t6 4 4? -tt -5" 7t t7 52

3 tê I 54 -ll -5 2a tó -31

Y R ÂiGÊ

-32 2001?3

-23 201?lo

-ll 202{37

-t7 2025C9

-2 202930

'l? 2013ã2

17 20L4C2

-14 201489

-2E 2f)01J2

-22 20LCC5

-48 201805

tt 201t44

ló 200?18

STAÎION ÎEPfi TÍ|¡ATIOTI DAlÂ

DÀy hRS rttN sÊc n,a oEc Az ELv ¡ y RAn6Ê

3 t3 t2 37 -13 -6 -t22 36 4s -26 ZOt'l7

3 13 L2 38 -13 -ó -103 ¡l -78 -13 2028ól

3 t2 31 3E -14 -6 -98 5 -85 -E 20L62St

? t2 31 59 -14 -ó -lot 5 -85 -¡,¡ 20tbr2

3 t5 2A 13 -tl -5 E2 27 63 7 202L2?

3 :5 20 ló -ir -5 48 52 31 2+ 20iU.9A2

3 L5 20 l8 -tl -5 15 50 -:to 2? 20ro:Ì¡t

3 15 20 21 -ll -5 tl9 51 33 -¡t 2009¡2

ts
3 15 20 3E -t2 -5 -ltt 53 -2ri -25 2009+3 åo
3 t5 20 .5 -12 -ô -lo2 ll -?9 -12 2030t1

3 15 20 16 -12 -ó -lo8 1¿r .50 -óo 202E¿b5

3 l? lð 22 -l.o -ô 63 Jr 36 lô 20095s

3 I? 16 30 -l.l -+ -3 50 -32 -l 2oo?lo

lIc-9 I
't-Y USê-30

o{3

29

27

45

24

24

26

27

2¿

26

2ê

3t

t7

EO¡þo2
¡¿Y US8-30

crfÞoE
FV US8-30

o+3

124

PIßKS
IUSÎR II. T A

llsf-25,IåY US8-IF

t21

L24

Gsl-2a
'.I-Y;US8¿30

L24

Hfr- I 2: r-V-,úsÈ3o

Gvi-l{
'r-Y usB-30

GOS-2e
I-Y US8-85

L21

t24

121

-êio-oe I t I
r-Y us8-30 .

rist-zt r I I
T-Y USB-8'



VEH¡C LF

P¡RK S
¡USIR !L I A

GhH-2a
r-Y us8-30

I RACÂR lA8LE

1RÂCK ING T IIlF

HRS rllil SEC

I lr 31

t tl 38

SlAlION ACQUISITICN DAÎA

OAY tlR S r.l ¡N SEC RA DEC ÂZ E LV X y p Af\ct

3 ló 4 55 -ll -5 ?2 58 l8 .2? 200Cç4

3 lé 5 0 -ll -5 Ltz 63 2t -ls 200t48

3 16 5 ló -12 -,5 -123 {5 -4C -23 2ol1óO

3 1É 5 2t -t2 -ó -tcl 5. ó4 -16 2O32.¿.t

3 r8 ? t4 -10 -4 5O '60 21 t9 200?6?

3 l8 t 2 -11 -4 -24 56 -31.-l-2 2OOEAó

3 t8 t 2 -ll -4 -25 59 -t4 28 20oec3

3 l8 3 t3 -lt -5-153 70-lo-t8200¡t{t

3 te t 29 -lt -5 -lcg 2t -69 -t4 202a0t

t 20 I 30 -¡O -4 -t8 68 -7 2t 2COée:

3 2C I -23 -lO -4 -ê2 4l -45 21 20t5es

3 20 I 36 -lo -4 -ål t9 -71 -¿2 2olée8

7 20 I 42 -10 -4 -ll2 48 -óO -t5 20tzc4

STAT TON TEPI.t¡NAT¡oN DAlA

DAY FRS I,ITN S€C R,A D€C AZ ÉLV X Y RAI'EE

3 l? ló 32 -1¡ -4 -2 ó1 -l 29 ZOO6t?

3 l? 16 39 -rl -5 t?l 72 3 -lE 2OO39O

? L't 16 55 -11 -5 -llt tt -57 -¡E 2O¡B8O

3 t6 5 49 -12 -ó -l0t 5 65 -lE zot?t.t

3 l? 1¿ :2 -t0 -4 14 óE 6 2L 2tJ¡059.r

? le 14 :1 -1o -3 -ô8 47 -tZ -3O ZOLZS+

r le t4 57 -to -+ -to ô9 -33 25 201169

3 le 15 6 -lo -1 -122 J8 -27 -tó AooEô3

3 le 15 lt -tO -a -9? Ç -a5 -7 2O3+3J

t 2l 13 ll -9 -3 -50 5e -25 eO Z(X¡99O

2 2L O 5é -e -3 -72 30 -59 L5 20/l5to

3 27 13 l5 -a -3 -7{. 26 -30 -59 eo238ó

3 2t t3 30 -e -4 -lo3 ?2 -37 -LL ZAZOTT

Ftt- t2
x-Y usB-30

I tl ¡e

6DS-28
x-Y USB-85

0029

cnÞ08
þY US8-3O

I lt ¡e

r-sx- 25
I-Y US8-85

I tt 55

PTßKS
¡USlNIL ¡A

G$Þ24
r-Y usB-:!O

I tl 55

r tl 51

Hr¡.- l2
x-Y USB-30

L ll 11
å
H

c Ro-o I
I-Y USB.30

I lr 4t

PIRKS
IUSÎRÂL IÂ

HSK-25
r-Y US8-85

o5020

I ll 3c

Grtf-?4
r-v USB-3O

I tt 11



e

YEHTCI-E

cRtÞoE
r-v us8-30

HSr-25
I-V US8-E5

€¡.Þea
x-Y usB-30

:- :. f::t^. jt,

I ït': ,: .l

I R,ACÂF 1À8LE

lRACK ING T II.IE

H8S iltN SEC

'lll4ê

STATION ACQUISITION CAÏA

DAY HR S I,I IN SEC RA DEC ÂZ E LV X

3 2t 59 48 -9 -1 -ê4 49 -?8

Y .RÂÀGE

17 20l3qO

STAÍ ¡0N fERr,ltll^TtON OAÎA

DÂY HRS IIIN SEC RA DEC A¿ ELV X

3 2t lt t4 -8 -t -75 
'1 

-55

Y RANGË

LZ 202LO6

lo45

I rl é

3 2t 5e 5l -9 -3 -81 l7 -26 -?l 202ç81

t 22 O 4 .-tO -4 -ç9 2L -69 -ç 202134

3 22 14 27 -8 -1 100 5 ó3 79 20295c

3 22 ?5 I -1 -3 93 5 85 -2 2022c9

a 2t o 3? -t -2 -89 5 -6 -E' 2031ó0

3 2t lt tc -9 -3 -94 5 -E' -1 2rJ372L

3 2t ll 2, -7 -4 lo9 l5 19 66 2fJ3L26

t 2t lt L2 -7 -3 9l l:l 77 -l 203¿28

? 23 ll 19 -7 -t 99 9 8l -9 201195

4 1 e 30 -6 -2 tó +2 Ô8 3 201670

4 I 9 43 -ó -3 1t5 a4 51 -ZO 20;22ê7

{ 'l 9 ó9 -6 -3 132 tt ¿tó t7 202221
' ) ::'1

¿ 203ôt94llOo-t-2-ll

tl&2!
'.l-'l ,US!-85

rch?t.
ÞY US8-lo

Cl¡Foa'
.r?f USÞIO

æri¡
;&.I.JlS.!-!0

C!I:Oi. . - r.'
: lai ' uSÉ-ro

;}Ìzt. ?-- .
.¡lrr:-ISt-t'
cÞo¡,;_:
- Þr -lrl3a-to

lGÞ?lr -- i.Þf -U3!.io
lÍpll . ;- :'.
,I". 95E-30

Clko!..;-.:.
* frJ , 9Sl-3o

ot65é

o3ó3

ot8l9

I lt ao

rtlô6

llr50

I ll ¡19

tttar

I ll It

r ll +7

3 23 
'7 

{9 -7 -3 eO 25 ó5 0 2026?3

? 23 .51 57 -7 -4 lC5 19 ?O -14 202çe?

3 2t =? 5C -? '4 ll8 2t 17 
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202151
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VEHICLE

ilaD-23
x-Y us8-85

I CA-O 2
T-Y USB-30

I â,i:!R T{31;

TRACK ING 1 tÍE

HRS MIN SEC

I tl 43

0 53 t0

STAT I ON AC Qtr ¡ S I T Igt"¡ ;ÂT !

DAY HR S I.I II.I SEC RA DEC ÁZ ELV

4L55le-6-3t4540

XY
44 26

85 -1

t1 -t2

?7 -10

ó3 -19

7 .6

o -30

4t -3

7e -E

49 8l

50 -21

21 -t7

?4 -30

F,Af\CF

202C27

203Có0

202|:ê

?otê31

zo2 .a? .a

20l0t7

201(ét

20 188 3

203e l a

204t83

202.t1

201ét?

202CJ2

Y RATTGE

E 20183t

STAf ION TER¡i¡NÀIIOI,¿ DATA

DAY HFS 
"t TlI¿ SEC FA DEC A¿ ELV X

4t82-5-31681643

tfCr9l
r-Y usB-30

I tl 51

421444-ó-3975

4 3 54 ztt I -2 104 32

L35426-5-210013

4 ? t4 30 -5 -3 !-lr 2i

43743?-ó-24ç¡t

435437-6-21É459

4 t ,4 42 -6 -3 -175 47

455213-4-2çe12

45t24ê4-?-c?å

.+ i ,? 41 -4 -2 ll7 31

45Êr50-4-212458

4 : i2 54 -4 -2 t3é 46

4 3 1 54 -5 -2 tO3 ló 74 -L3 2O377L

4 5 tt L7 -1 -2 lt3 +8 39'-15 2Ol8E?

4 5 6 l? -4 -2 tO9 2A 6l -17 202a19

4 5 b 2t -4 -2 L24 t9 46 -26 202?12

4 5 6 29 -5 -l -58 ?E -tO ? 201115

4 , ó 3l -5 -2 -L62 59 -1O -Zs 2OL5t6

4 5 4 41 -5 -2 -151 11 4t -2o 2Ol99E

4 1 4 25 -3 -t l0? 27 62 -15 zotozo

4 . 7 4 25 -3 -l tO? 20 39 6ó ¿03415

4 7 6 3t -3 -l 133 50 31 -¿ô 201959

4 a 4 32 -4 -l I54 ?O 9 -18 ZOt3?l

4 7 4 ?3 -4 -l ló0 5t lô -33 ZOI?9i

tl lL-? t :,
r-Y us8-30

Btl:Oå
I'V US8-3O

r tl 5t

t tt 53

rctts75
IiV US8-30

I l1 56

c.Y¡-o{
l-Y, USB-30

tl,O-23
.r-Y US8-85

GVr- 1.4
I-Y .US8-30

G.FS-28
I-V USB-8i

I lt 54

t lo 5

¡ tl 42

I tt 3e

¡oq¡

lll-7 I
x-V US8-3o

I lt 43

t rG-9 1
I-V US8-30

I ll 42

EOA-02
I-Y USB-30

I rl 40
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V€HICLE

ACrts7t
¡-V US8-30

CYI-o{
x-Y us8-30

I RACAR lA8tE

TÊACK ING I II{E

HRS f{TN SEC

I ll r8

r lt 39

STÁTTON ACQUIS¡TfON DATA

DAY HRS I4IN SEC RA DEC AZ ELV X

4 5 52 5e -5 -1 -13 67 -22

Y .R ATGE

6 20t21ê

4 
' 

5? a -5 -2 -t42 t4 -24 -28 201139

4 
' 

tt 6 -5 -2 -t?7 38 4' -32 202?ç2

4 7 50 99 -t -1 ll5 37 5t -20 20262C

L 1 t0 5e -3 -t ll5 ?9 ?a 53 203cle

4 7 tl 5 1 -l t5O 5rr 18 -2e 20l8ll
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4 ? '51 7 4 -l -130 56 0 -34 20t8l4

DAY

4

4

4

4

a

4

4

4

4

4

.4

4
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7

7

7

9

9

9
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9

.9
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SIAÎ¡ON 1€R}IINAÏIOI¡ DATA

l{Iil SEC RA OEC AZ ELV X
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2 39 -2 -l 130 41 t6

3 6 -3 -t -1?8 ól -l

3 E -? -r -129 ót -21
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- 3 16 =3 :l -tO2 20 -?O
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Y RAX6E

5 2019ôl

-2t 20¿21{)

-50 20.2957

-25 zQ.L¡+

z5 ¿o2aÛ2

'29 ZOL7,:iL

-ló,201ó6+
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.3 20¡488

-1I 2035?9

-?E 20r¿5+

-5 zolloe

-l+ 2o24O5

It lD-23
x-Y us8-85
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G0SÊ2 I
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r tr tç 1 1 ¡t ll -1 :l .:85 3fl -5 I {
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20 44 -ó1
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202528
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H
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YEHIC IE

GDS- 2 8
T.Y USB.8'

GYil- l 4
x-Y USB-30

1 RACÂR TÀ8t E

TPACKING TII.IE

HFS t¡IN SEC

I tt 3a

t lt tç

STATION ÀCQUISIT ION CATA

DAY HFS II!i{ SEC RA DFC ÄZ ELV X Y RAÍIGE

4 ç 19 ¿8 -2 -1 t44 48 36 24 2022ô6

4 ç 49 28 -2 -l t41 t7 20 -27 201933

r 9 4e 34 -3 -1 -¡t5 t8 -t5 -2ç 20t€e3

4 9 .a 4c -3 -1 -ltô 54 -)4 -15 2O2O3l

4 9 4e 4t -3 -l -l?4 .41 -31 -2e 202289

4I4943<

4 ç 49 4ê -4 -1 -9ó I -30 -6 204212

4 ll 4? 2A -t 0 ltó 17 40 -1? 20244E

4 ll 47 39 -2 0 -tîó óo -t, -28 zolgsl

¿ lt 47 39 -2 0 -l?l t4 36 -5 20216é

4 tl 41 45 -2 0 -lt8 {o -4é -2t 202102

4 1l 47 45 -2 O -¡C9 26 -63 -t7 ZOZ4'.4

4 11 47 48 -3 0 -c9 21 -62 -8 203?t2

SÏÂTTON TERI.IINAf TON OÀ1'

OAY HRS f{IN SEC RA OEC AZ ELV X

41116-201ó95136
Y R,AIGE

6 20?092

t IL-7 I
x-Y usB-30

r lt {t

4 ll I 7 -2 O ¡t0 62 o -28 2OLE4,2

4 ll I tó -2 0 -130 19 -?4 -25 2fJ22t2

4 ll t tå -2 0 -to4 38 -5¡ -LL 20,27t7

4 11 1 20 -2 0 -ll7 35 -51 -zz 202aa2

4 lo e 21 -t o -89 5 -E5 L 20t535

r lo tl 6 -3 -l -93 t -85 -t 20a+t5

4 t2 27 4e -t 0 t 25 55 30 -19 ¿ooEE?

q 12 2't 49 -l O -t4O 55 -24 -2ô 2OOEóO

4. t2 27 4e -l o -155 52 35 -t5 2009C2

4 t2 21 4e -2 0 -lll 33 -55 -17 201SOó

4 t2 21 4e -2 0 -I02 t9 -71 -L2 20,25eo

4 L2 27 49 -2 0 -96 l8 -?2 -5 2025s3

r ¡G-9 I
I-Y USB-3o

I lt 77
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04022

GYll- t {
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YEHTCLE

6DS-2t
I-Y US8-85

GYrþl{
I.Y USB-30

rll:?l : ,

&Í" 93g'3s

P¡r,rs '

^usÌ.R 
rt t a

Crq.Ot
l-Y US8-3O

C¡0çO8
I-T .U!E-3O

HSÍF25
f-Y U50-85

P¡IßS
rüsta rt I l
€rÞ24
I-Y US8-30

I RAOAR lA6tE

lnacK tNG l mE

HRS IIIN SEC

I ll 57

I

o

o

0

I

L

l0 6

51 t8

,t +?

t8 7

tl ao

ll +t

DAY

4

4

.4

4

4

4

aa

4

4

4

4

4

4

HFS

l3

l3

l3

l4

l4

t5

l9

lg

It

t¡

l5

'tc

t?

0ÂY

4

I

4

4

(

4

4

4

1

4

4

4

4

HRS

l4

ta

l4

14

l4

ló

t6

l5

'16

l6

16

l6

IB

sllÏtott Âceu¡ s¡T I0r¡ DAlA

I{¡N SEC RA OEC ÂZ ELV X

46 6 -l .0-130 42 13

4ó 6 -l O -lt8 12 -aí
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25 tê. o 2 46 30 56

,s lt I 2 a6 5 e5
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-21

-9

2L

I

.tt

32

29

-lo

-20

-63

-9

2t

RAIGE

¿o21tL

20 2?6 I

2040?l
i

202C97

2038çO

201C17

2029L7

2028t6

202tt8

àozzct

2039t 7

204 I t7

202985

srÂ1¡or{ TERHtNAItOl{ D¡Î^

ilIN SEC R,A D€C AZ ELV X

58 4 o 1:llô 31 3+

!6 13 0 I -toó 29 -60

(4 -l I -92 , -a5

,72t12t9t550

,718L28ó9tl

55)a22693+54

55 38 I 2 2,5O-38

J540L226'219

554622120ót19

,6 I I l-ll4 ô!-39

5690-95928

.9 ?a o I -91 5-85

5e623+O5924

Y ßA'|IGE

-J2 2O7?92

-lt 2oe+O?

-2'2o,tl22.,
21 20tL2E

6 
_20+ta2

la ¿ot33ó

15 20¿ôtt

t+ zo25T2

-ll 2o2lol
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26 2025e9
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4
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18 5L 36 I 2 -9? 2t -67

19a?252:,14627

t9 53 25 .2 3 _12 lt _t9.
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'iç s, 2s t z -s2 e -tl
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t
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o 12 3ç
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{: :< j!- .:'î

o 12 :¡o

ol2rl
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05t+l 4 20 52 26

IL ¡A

;
Io6
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VEH¡CLE

Gtri-24
r-Y US8-30

CßO;08¿, j. .-. 
.

,,bY';USB-1O

ttSK-Z 5 ,

r-Y USE-85

I RACAR 1A8TÊ

rÊacK lNc 1 lü¡

HFS ÍtN S€C

09852

r tl 47

I ll 43

STAT¡ON ACQUISITION DAÌA

OAY HRS r4¡N SEC FA DEC AZ ELV X y FAt\cE

¿ ta 53 45 2 2 -ttz 6a -26 -10 201?c.

4 2t t8 59 3 3 -3? t5 -22 27 2027ç2

4 2t 39 J 2 ? -65 25 -41 -55 204tto

4 2t 39 t8 2 t -97 '3l -5t -å 2ð34SS

4 22 ?,6 5ó 5 I 91 5 e. BF 2Otéé3

4 27 t7 I 
' 

3 85 I e2 5205212

4 23 t7 lq 5 1 çl q 82 -t 205215

+ 23 t7 22 5 3 l0¡ ló 32 ?0 20ô?90

4 2-7 37 tl t I -ó6 25 -5t 20 e03800

4 23 lf rl 3 3 -39 lO -80 I ZOilZs

5 I 35 t6 6 4 7e ?7 5t. 9 203883

ã I 35 25 6 3 ¡Có 34 55 -13 2o4oló

5 I 35 t4 ó I L24 t? 36 42 20?878

SÏAT¡Oi¡ TERI,ITNAl¡f¡N OAÎA

DAY HFS I{TN SEC RA OEC AZ ELY X

4 20 52 37 3 3 -102 30 -ôO

Y RAli¡G€

-t 2029+3
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t:Y US8-30

I ll 40

4 22 :O 46 1 + -5ó +4 -ól Z, z0ttgl

4 22 50 48 t I -76 12 -48 -72 ZO+9A3

4 22 50 58 ? ? -92 22 -6A -2 20+122

4 22 tO 39 5 t 93 I 20 g2 2052t5

5 0 43 42 6 + a2 2t 65 ?¿o{3ôó

5 o (8 52 6 ¡ 99 23 ó6 -aZú+tl

5 0 48 j6 6 t ll3 29 ?5 5t eorlt¡

t o 4e l0 . + -75 20 -70 lr 20+ó?a

5 0 t 5 I t -88 5-85 220+370

5 Z 47 6 ? 5 7L 53 36 11203239

5 2 47 tl 7 I 118 +8 38 -lE Zotazz

5 2 41 ló 6 4 142 4? t6 25 2O?+r9

illD-23
I-Y USB-85

o 1,3 a3

rGt-7t
I-Y US8-3O
: ..i

CYI:O{
I-Y USBF 30

I lr ta

¡ tl 13

rrÞ?1
x-Y USB-85

r lr tj

c ¡o-o I
I-V US8-30
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I-Y US8-30

t ll 3e

o2?23
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Io\o

rcþ75
I-Y USB-30

I tt 5l

CVI-0{
r-Y us8-30

I tl 4é

llr0-a 3
x-Y USB-85

t lt 42

e
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Y EH¡C LË

c¡(Þo8
x-Y usB-30

A¡¡€-91
I-Y USB-30

I RAC!ß TABLE

lFACKING T¡I¡IE

HFS ilttt SEC

02018

o 13 6

8DlÉ02
I-y US8-?0

ltc-el.r-v us8-30
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þY US8-3O
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I-l USe:90

cvl-04
þt USt-30

.. : .j'.
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r¡G-þ f
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.'tr-Y'U5E-30

rciÞ?5
¡Á!:US.8-.:!O
,.!r- l'.'

0349

R ¡f\G E

2052??

20 49 ó9

2054ê,9

2O'49ltt

20 29 80

205118

20 3 lE2

2012tt

2J3C24

203óçO

204é t4

20{c02

2ózels

OAY HFS

51

5Z

a2

54

54

.5 1

4

51

5+

5'6

'56

56

5å

SÌÂ1¡ON ACQIJ¡STf ION OATA

OAY HRS ¡IIN SEC RA DEC AZ ÊLV X

5 I t5 41. 4 4 -81 9-80

q2?t5974475e5

.5 ? 4t 2L 7 4. 89 5 85

5 :' ?t 47 7 4 92 l9'?l

,323{965ê2ê424

:3334974151674

, t ir 31 ô e i¡r s7 26

5 3 34 t 5 4 15e 32 t7

53¿rt?74F85S5

5 5 t2 '1 E 5 tcz 1'7'42

5t325B4tCO2f62

5 t t2 ll E 4 ll4 40 4!l

:55?21275-2576-ó
.!.'

Y

9

3

t

-2

L2

iç

-21

l3

'2

-8

-9

-18

l3

s1ÂlION TERLlNlltor{ OÂTr

r,{IN SFC RA OEC lZ ELY x

56 5 1 { -83 5-E5

17574E8E82

41 lC 7 4 {t9 6 84

15228597?651

4530752+76ó

e52e811053059

4541?5162668

45 12 7 I -t12 5+ 3ó

'45 21 I 5 1n t-7 7l

43¿tE5ll3ó325

434t95tll12ôó

43.7851315230

'4t 5l I ú -60 63 -21

Y

7

1

t

-5

l3

-13

-:27

-1

-i

-lo

rl5

-¿t

'L3

R,¡TGE

2ú622

20.5+U,

205622

2(}11 0l

202 8 01

zo+t81

203 00t

203tól

iô¡ogc

iotzæ

2039!i5

20354?

20tzto

I Ll 3é

lrl{l

t- ll 39

r tl 41

I ll {l

o5?6

I lt {0

I tt +c

r tl 3é

ts
&o



V EHI CL€

cYl-04
I-Y USB-3O

¡t0-2 3
x-v usB-85

I RAIÂR 1Â8[E

ÎRACK TNG T I}IE

t{RS r{¡N SEC

I ll 3?

rlt36

OAY

5

&

5

5

5

5

,

,5

5

:

5

t

5

HRS

5

5

5

é

7

7

7

7

7

7

'l

1

9

SÎATION ÂCQUT SI TION CAÍA

r,r ¡N sEc RA DEC ôZ F t_V x

32 lq ? 4 -168 r25 -5

32 21 1 4 -tr3 tl 3ó

5t 9 E 4 r8 I 85

l5 3l I 5 88 5-24

302t9sç927ó3

302L99902l¡22

302185t225134

30 26 E 5 t3t 7' t3

302885t485e18

?o 32 7 6 -?O 52 -16

30 t7 7 5 -tte tl -3ó

-20 3q 7 5 -ll9 36 ?4

28 Z7 l0 6 87 9 8t

Y

-23

-ló

2

85

-8

68

-19

-l I

-2ê,

l2

-18

-45

2

F Âf\GE

2 03 0¿e

203ttt

2049éJ

201ê,e,

204?ç I

205t4ó

203C50

20 3065

203398

áorcrr

20?c12

204 303

20 t9 te

sÎÂlION TERr.lNAltON DAlÂ

DAY HFS I,IIN SEC RA DEC AZ ELV X Y RAIIG€

5 6 4t 5ó I 5 -133 59 -2' -2t 20tt25

5 6 43 60 I 5 -l3l t3 35 -t3 ?ot9Ût,

, 6 43 40 9 
' 

93 16 14 -t 20129:,

5 6 43 44 9 5 9l ll I 792056¡9

5 8 42 ó lO ó 109 12 ¿? -lô 20+126

5 8 42 e lO 5 ll0 ?4 27 5L 2Ut+7C

5 8 12 t6 9 6 ta5 ó3 16 -22 20rt56

5 8 42 19 9 6 -ltg 7S -a -lt 2OtO66

5 8 42 20 9 6 -l?7 63 -t -27 20ra57

5 8 42 21 I ô -?6 3â -tt 1l 2o+roó

5 8 42 3t I 6 ;lO5 t7 -52 -l¿ 2ol3?l

5 8 42 33 I 5 -lO4 2+ 29 -62 2050¡3

5 to 40 tt tt 6 93 2: ó5 -32G16

GYlr- 14
X-Y US6-30

o5231

GCS-z8
x-Y usB-8:

02813

GYrÞ I {
!-Y US8-30

r ll 45

Ges-28
I-V US8-8F

r ll 17

t ll--? L
¡-v use-30

t ll 53

ANGpg I
þY US8-30

t lt 5?

tCl-O2
r-Y use-30

r lt t3 &

rcfþ?rt
I-Y USB-3o

r ll 54

cYl-or
I-Y USB-IO

tt0-zt
¡-Y Us8-85

Httr- l2
I-Y USBp3O

I l1 51

t ll 54

1 11 34

e



G

YEHI CLE

GYr,r- t4
I:Y USB-3O

GOS-28
x-Y us8-85

Ë IL-? I
I-Y USE-3O

1 RACAR TAELE

TRACKTNG lTIIE

.HPS ilIN S€C

I lt 34

I 1l 34

I tl 3+

OAY

ç

5

C

5

f

5

-

5

.ç

-

¡

HRS

9

o

9

9

c

ç

.ç

q

It

IT

11

ir

lt

Y

-18

40

:2t

-lt

-26

_o

-?3

-?2

tt

-20

-6

R A¡\G E

203e04

20ó l¿ 0

20 ?: 18

201237

ZOZ483

205c-2?

20ct?8

2049 l8

20,r,628

203.tâ

203ô?5

203743

20.¡l20 I

ST^TION ACQU¡SI T¡ON DATA

'I¡N SEC RA DEC ÂZ ELV X

28 15 9 6 lt9 tt t5

284595120a328

28 52 ..9 6 
'.7? 

é? 3

28 5ç 9 6 -L24 7l '-lé

28 5? "9 5 -153 óO -15

29 3 E ê -30 24-ó5

29óE5-cåt522

2e 7 I 5 -S8 27-6t

26 50 tl ó ç9 t5 11

210lo6lé868f

27lloó159592q

27 " 6 lO 6 -121 57 -2A

27 lO 9 ó -e€ .ô -45

sraT¡otrt 1ÊRlr¡NA1¡Ott OAÏA

DAY HRS Tt¡N SEC PA DEC AZ ELV X Y RATTGÊ

5 l0 {o le 10 6 112 63 l? -¿l 203181

5 ro 40 le to ó 139 51 2e 22 20tfæ

5 10 40 27 lO 6 -14? óó -15 -22 2Ot+73

5 lo 40 28 9 ó -lO4 56't3 '8 20r72l

5 to 40 30 to 6 -126 5l -33 -22 20/)ATt

5 l0 ¿o ?2 e 7 -82 E -E2 E 20óOE?

5 . lo 2a 53 9 ô ¿E? t -34 -6+ z{Dótt

5 lo (o 38 9 6 -Ee 12 -"8 L 2:0É812

5 \2 ?8 17 12 ? toE 5l 3?--lt 20tO26

5 t2 38 F6 l-t ? -lÕ0 6t -14 -21 ¿O35t9

5 i2 3A t6 1l ? :16? ól 29 -6 20172l¡

5 12 3e 2 lo ? -llo $ -a5 -l+ 204338

5 12 39 ô lO 7 -el 2t -62 -t zottOEO

A¡lC'-g1
I-Y USA-3O

I 1l tt

8ClPO2
I-v USB-30

lctÞ?5
I-Y USB-30

ilû-23
I-Y USß-85

CYt-o4
I-Y USBp3O

t ¡H-l?
I-Y US8-30

6VÞla
¡-Y USS-30

GCS-2t
I-Y USE-85

lll.-?l
r-Y use-30

t tt 33

.r.rt 2c

öFoa?

t tl 31

ItltS

¡, rl 93

I l'1 55

r tl ç5

ts
{
lu

At€-e t
x-Y US8-:lo

¡ rt rt



VE}II CLE

B0l-02
I-Y US8-3o

HSI(-2 5
I-Y USB-81

1 RADAR lA8LE

IF ÂCK TTIG Ï I TtE

HRS I,IIN SEC

I tl 55

I 1l t2

STATION ACOU¡SI1IOil CÂTA

DAY HF S I,I IN SFC FA DEC AZ E tV X Y F ÂÀGE

5 11 27 tl q '6 -lts 4t -15 -t8 2042'79

5 13 2' t L2 7 16 6 -ó6 1t 20ê2ç0

9 t? ?5 tc t2 7 e5 l0 E0 5 2061:9

5 13 26 t8 tl 7 110 ¿1 2é -t3 203?:l

5 t3 2. 32 lt 6 -l4F 5ó 29 -18 203€e5

5 13 25 t3 lt ? -128 5E -26 -le 203828

t t3 2t 37 lO ? -102 
'1 -5r, -10 201836

5 13 2t {C t0 ? -e8 t7 -73 2 20r12e

5 13 2' 4C l0 6 -ej t9 -?t -4 20;fç8

r l5 2t t5 12 I Êó 27 -17 11 2052?3

5 15 2t 20 t3 7 çl a8 5? -1 20418ó

l5 2' 
'2 

12 7 -lÉ5 ?5 -4 -15 203êC0

5 l5 2t 3e tl 7 -ltz 38 25 -47 20{??0

STAÎTOil TERIIINAT¡ON DAÏA

DAY HPS I,IIN SEC RA DEC A¿ ELV X Y RA¡{GE

5 12 39 6 lO 7 -lO2 29 -60 -rO 20501ó

5 t4 36 35 13 E 65 19 -5t 59 205ót9

5 14 36 40 13 7 88 21 ó3 L 2ù5275

5 t4 36 54 L2 1 152 73 I -L5 2A3552

5 t4 31 I lt 7 -t22 17 27 -75 20+tt9

f l4 37 7 tl 7 -llo as -ít -r+ eorrol

etr*'24
x-Y.us8-30

r tt tl

l{¡¡Fl2
I-Y US8-30

r 1l ré

GDS-28
X-Y US8-85

t lr t6

GYl5l.4
l-V US8-3O

r tt 34

llc-g I
¡-Y USA-3O

o53r5

rll--?1
I-Y USB.3O

t ll 36 t9 -?t

? 
-.'

! -s5

3? {6

ts ?s

-z aoJl2fJ

6 20,629

5 2ob525

30 20+901

-3 20'$173

5 l4

5 l4

5 .'t4

516

5 16

-92

-8{

-85

39

95

?1

l9

27

35

35

l3

35

t2

ll

l4

tt

ll

t1

l3

l3

1

1

7

9

E

BDI-O2
I-Y USB-30

t lt t2 P
{tt

HSI-2 5
I-Y USB-85

G¡.lr-24
x-Y usB-30

I lr tó
(

t tl 54

H¡r- I 2
I.Y USB.3O

I 1l 53 5 ló _25 27 13 e -t22 65 -22 -13 203887

GOS-2e
x-Y USB-85

I tt 55 5 ló 3q aS 12 I -99 25 lE -6ô ¿o¡55tÛ

o



VÊHICLF

GYll- l4
r-Y us8-30

lr lL-? I
x-Y us8-30

PINKS
AUSÏR AL IA

cßfÞo8
x-Y us8-30

cRfÞ08
x-Y uS8-30

I RACAP lABLE

TRACK ING l II,IE

HRS r{lN SEC

I rl 54

SÎATIOI.¡ ACAUI ST T ION DATA

DAY HRS {IN SEC FA D;C AZ ELV X Y' PAI\CF

E l5 2t ¡rO 11 ? -tOZ t5 -t4 -lO 2O4çlO

SrÁT ION rÊRr4l¡laTIOrt¡ DAla

DAY HFS I,I IN SEC fTÂ DEC Â¿ ELV X

5 16 ?5 34 t2 I -92 2l -'5e

Y f(At¡68

-z 201748

, 205722

t6 20'1a26

L7 205919

za ¿o4a92

¿ 201670

42 204566

-5 2O772A

-ó 2ol9iló

ol?3ó

tló

I 0 t8

9 l5 22 44 ll 7 -E't 9 -8t Z 2061ê5

5 15 14 3 13 8 55 30 55 20 ?O4e44

5 15 34 46 t3 3 ?e 5 e5 II 2OóC23

ç l? 21 4q 13 ? 2.t S2 -44 lq 204727

5 l5 (l t9 lt 7 -85 5-89

5 15 ?5 I t-? I 42 39 40

5 16 ?., 4 L4 I 12 17 72

5l8ttL2t49524043

5 l8 13 t8 14 9 t 45-45

518?120t¿9148t

r tt 3t

i'Sf- 2 5
T-Y USB-85

rtFrs
AUSTR AT I A

GrlÈ24
r-Y us8-30

Hl$- I 2
l-Y USF-3O

I tt a3

t ll 3t ç t7 .2t 4r, þ e 2? 44 25 3e 204é38

1 t7 2t t3 13 I lcl q6 . 2? -4 203ç01

: t' ?2 ? l¿ 8 -lcq 7t -31 -ll 201222

r ll .t4

I ll t4

q l? 2? 14 t2 7 -a2 l5 t -74 2OólC5

E l? 22 t5 l¿ 7 -q? lo -80 :, 20ó{17

5 lc lc 4€ ló o ¿o 48 -¡o 3¡ 204¿50

5183t2714812982ó

5 l8 23 42 t3 I -98 .40 -50

5 l8 t7 .-3 t3 I -84 5 -50 -82 ¿(}5000

5 1? 1ê 26 12 I -84 5 -85 Ò ¿O5ó¿l

5 20 ?t 15 15 lO 15 55 10 t+ 20+16ç

5 20 3t tt 15 ¡O -35 4C -34 aE 2OtO+O

ts
!

à
GOS-2 I
r-Y us8-85

o5¡39

€Yt-I(
I-V USB-30

0 24 ll

,€l(ÞoF
I-Y Use-ro

?r¡Ís
AUSÎRAT TA

l. 1,{ 5?

¡ rl 5c Ê lc l1 55 14 n -la q7 -12 .41 204ê18



VEHICLF

lsK-2ß
X-Y USB_85

Ghil-2¡
I-Y USB-3O

HÂh-1 2
x-Y usB-30

c¡o-08
T.Y USF-30

PAßTS
AUSTRAT I {

r.sK- 2 5
I-Y US8-85

Gbtl-24
I-Y USB.3O

naD-2 3
x-Y usB-85

c¡c-06
r-Y us8-30

H SK-2 5
I-Y USP-8q

G$i-24
x-Y us8-?0

CYI-04
x-Y use-30

^CfrÞ?5x-Y usB-30

I RADAR TÂBLE

TFÂCK IÀIG T T¡Ê

HFS qIÑ SEC

t tl 54

DAY hR S

t20

520

T20

i2?

t2L

522

5?2

50

60

523

èo

50

á0

STAITOt{ ÅCOU¡SITION OATÁ

DAY HFS ¡,IIN SEC RA OÉC ÁZ EI-V X Y FAÀCE

5 lc l? :6 14 c -14 4+ -45 -lO 204?88

STAÍ TON TER}ITNATION DAlA

I,IIN SFC RA DEC AZ ELV X

3l t0 15 10 -:,5 3E -46

31 9E t5 9 -99 67 -23

32 7 14 9 -86 lt -71

2c ô0 ló l0 -t2 50 -24

L2 j2 15 10 -5? 3G -54

30 5 15 ¡O -61 2A -53

30 17 l5 e -89 39-51

281818e962215

28 27 1ó 10 -60 30 -56

:t e 16 to -74 5 -?3

2a 38 ló lO -SZ ll -79

28 t4 t8 lO I5 L2 ?8

288!810?ea82

Y

-27

-3

ô

3a

32

-55

I

ó8

?6

43

I

(

1t

¡(A T{ GE

205L53

20.+L27

2 OÞ49ó

20+?88

¿o+19t

20,6224

2o5269

20,6287

2orEr7

205E90

20ó 9 1?

20ó82+

zol o4l5

I ll 51

r ll 41

I lt 74

1 le 20 t l4 I -t3l E2 -6 -:2038C0

5 lo 20 lç l3 I -93 29 -ót -2 20C:21

. 2t 18 26 15 ô -ó 35 -4 3r. 2O44ça

o 24 21 : 2l ta 31 14 r.o -48 ?4 -48 74 2Oi4C2

7 2\ 18 ?1 14 l0 -11 ?2 '4e -3o 2O5912I tl t3

L tl ît

I tl 18

.- 2t l8 37 14 -" _c4 :5 -35 -2 2O.49e

) 2? 15 30 l7 ì 8Ê 8 -24 El 20êç€4

I lt 4ê,

ot¿2.

!. ll 3a

0 :ì3 35

0 t4 4

': ?2 lá 4l l5 10 -46 43 '3P 30 205134 {
Ur

a z? lá 44 t5 lo -fe ll -él -6-.20ó?81

i 23 ló é0 l1 ê -85 21 -b? ? 20t8C2

2? j4 3a 17 c 82 5 85 I 20510(

t o l. ó 18 l0 tc 5 It ll 206:co

G



G L

VEITICLE

ACIÞ?5
I-Y USB.3O

CYI-O4
x-Y usB-30

t, to-27
x-v USB-85

1 RACAR fABLE

TRACK ING T II¡IE

HPS ilIN SEC

I ll 3É

t lt i9

I rt 39

SÎAT¡ OÀI ACQU T S I T IOT'¡ OAT A

OÅY HRS I{IN SEC FA DEC ÁZ EIV X Y' RANGE

ô t l4 47 l8 to 76 20 ?O I 3 2064ó0

ó I l4 5l l8 10 9l 2t ê' -l 2062çç

á I l{ 59 1? 9 lC5 30 2? il 20tii4

6 I 15 9 ló lO -5-t 20 -68 21 20å400

¡! 3 12 5ç t8 tt t5 41 4l t7 2052?8

STÂT ION IENilTNAlIf]N DAÎA

D'Y HFS HIN S€C ßÂ DEC A¿ ELV X Y RAIIGE

" 
2 26 27 19 ll ?l t6 5t 1ô 2O56?E

6 ? 2ê 3t t8 lO 99 3A 52 -7 2055E7

6 2 2e t7 18 10 ll9 13 27 10 2o/576t

â 2 25 :2 r? ll -7t é -Eô L5 ?O7r72

5 3 2t 27 l8 ll 64 1e 38 L7 204771

6 t 2t 27 le lo 82 I 82 I 2058t8

6 3 2L 21 le lO 83 7 83 ? 20ò912

ó :) 21 21 t8 lO IOE 5O 39 -L2 Zo,r?zt'

6 3 Zl 27 l8 lo 135 51 29 ¿6 2Ut665

6 4 ?4 38 20 lt :tt 22 58 .5 2l¡6112

ê 4. 24 +2 .le lt {9 ót 2t 19 2OrEô5

6 4 ?4 49 20 lO 90 20 tO ..O'20óóat

6 4 24 52 .19 .lt 123 62 24 -lt 20tEt5

ctfÞo8
r-Y us8-30

t ll 1t

rctþ?5
I-Y US8-30

¡¡c-?l
, ¡+Y US8-3O

o828

0e2ê ô ? 13 0 19 10 el 6 84 9?01425

| 3 13 3 le to g2 5 81 e2014À3BE¡-O2
r-Y,.us8-to

CYI-oa. þY.USE-30

¡¡Þ.23
kY US8-E5

AçrÞ79
þY USB-30

l0l-02
r-Y us8-30

o823

0 I t9

c8L2.

., 3' 13 6 lE 10 10? 4ll .l -l I 20s21?

ó 3 t3 tt t8 lo 132 5q ?9 29 205l¿6

LPO COÂSÎ lC LOPC2

ê 3 2t !r lq to e2 I 82 8206e73

6 3 ¿r 3t l8 ll ç4 4e 38 l7 2041ê1

é 3 ¿l rl 19 lo E? 7 e3 ? 206907

6 . 7 el 3l lE lo tc8 to 39 -12 20172c

ts
I

o

8-30
I
us

l16:9
I-Y

131

I 3 .10

I .3 ltt

1320



VEHTCLF

rafÞ23
T.Y USB.85

pIL-7 I
r-Y us8-30

lñG-e I
x-v usB-30

r ¡L-7 I
I-Y USB-3o

8Ot-o2
I-Y USB-]!O

ICþ?'
I-Y USB.3O

I RACAP lABLE

lFACK ING II¡IE

HFS rtllN SEC

1327

049

I ll 3l

STÂTTON ACQUIS¡TTON CAIA

DAY HRS IIIN SEC FA DEC ôZ [Lv x Y RAÍ\GÉ

ó 3 2t 3t lE lo t35 5l 2e 26 204661

c 4 20 t7 20 lo el 5 85 e 207?19

b 5 tt 21 20 tl 88 33 37 t 20ó024

e 5 ll 22 20 to t7 16 14 3 295çtl

ll 23 19 !O c7 30 . éo -6 20élç3

6 9 ll 25 t9 lt 2c é3 lt t9 20112'

é : ll 32 19 ll l(6 ?o t2 -t1 7_o4êçO

,r 7 ll t7 19 l0 -ttO 60 30 O 20óç3r

DAY HRS

,t4

6,|

65

6.5

66

66

66

6

é8

6ft

18

ó8

68

STATTON ÎEPfl¡NAT¡ON DATA

IIIN SFC FA DEC AZ ELY X

24 58 19 tO 158 58 30

?446201081ó84

22 a2 20 tl 93 50 aO

22 tt 2t 11 9ô 31 59

z2 53 20 ll 108 41 11

22 59 20 t2 -20 69 -1

2? 4 20 lt -t6l 73 -ó

23 I 20 lt -t+8 57 29

21 13 22 12 93 30 60

211922It93257

2t 25 2t 12 tl3 77 L2

2L 2l 2t 12 tl4 56 31

21 28 2t 12 143 ó5 16

Y

t¡

I

-2

-12

20

-ló

-l?

-2

ó'

-5

-13

-20

nA¡i¡GE

20+9ta

2f¡?+8?

2ú?66

206 I 9?

20rrE7

2æ7E9

2017 27

zorL2e

206!t95

2o9óee i{\¡
¿orEoó

2o.5288

¿ 05 0óo

t tt 3t

I lr 30

I ll t4

6

CYI-o4
I-Y USB-30

I lt 3t

xtD-23
r-Y usB-8:

I ll 3t

GYt_l4
I-Y USF-30

GDS-2 8
x-Y us B- fr5

1 tt 43 t, 7 I 30 2l l1 e5 15 75 4 ¿O?li8

t lt 46 6 7 9 33 2L ll 84 tl -29 78 201423

l¡G-9 I
x-Y usB-30

I rl 5l ( 1 q 3¿, 20 t I i8 él 27 -4 z,íCrt

., 1 c 34 20 ll lct 42 . 4? -8 205114

¡ ? a 38 20 ll 119 54 33 -l? 2052ç?

r{ ¡t-? 1
T-Y US8.3O

BOI-02
r-Y usB-30

r tl 11

I ll 5r

e



o
Y€HICLE I FACAF TAETE

TF ACK TNG I I I'E

.HÊs 14¡N SEC

r lt 54

STAlION ACQU¡SITION DAlA

DAY I-IRS MIN SEC FA DEC AZ FLV X

b 1 9 39. 19 t2 -14 63-2OlcrÞ75
x-Y usB-30

c YI-04
x-Y use-30

I rl 5t

xÂtÞ2 3
x-Y us8-Ei

I lt 52

GYr,r- 14
x-Y us8-30

I rl 29

GCS-2 8
x-Y usB-85

I ll 21

lrtL-?l
I-Y US8-!O

t - lt t2

¡tff,gl.
þY USB-3O

I ll ¿9

601É:02 1 ll 29
I-Y US8-3O

¡oÞ7t
I-Y US8-3O

t tt 28

cvt-oó
.x-Y USB-3o

I tl 2e

;tÞ23
.I+Y U58-85

H$.-r¿ .,. .,
.,Þl .US8-3O

H¡It:l?' ..:
.x-Y,USe-3o

I lt 25

r lr ao

Y, FAf\GE

19 205002

STAITON TENü¡ NTTION DATA

DAY HRS üTN SEC RA OFC A¡ ELV X

6 ll 2L 3t 20 12 -ó1 19 -37

Y RAÑ6E

L9 205571

6 1 9 45 lq ll -1-22

6 't I rra 19 ll -l3l

á 9 ? 50 2L 1l cô

å 9 1 52 2l tt lol

t' ç 1 5* 2L t2 124

éo822L11112

s o I e 2lJ. 12 -68

ù Q I 13 20 12-lCl

. o I 14 20 ll-lc3

ó948422212?o

6, o ..? åo 2I 12 1?9

có -t8

5t 2e

4t 4c

?4 16

s5 20

E50

69?

38 -50

43 
'-4ó

31 20

5q5

-t5

-29

-7

94

-ls

-?l

t?

-8

-j6

1t

204ç04

205?ê5

206t58

20ê2ê3

205Ce5

2041eL

204cç3

20ó058

àosazo

206398

206C,65

ó 8 21 31 20 l2 -lo9 5+ -39 -LL 205t97

tr 8 2l .4O ?O ll -ll2 40 24 -+5 2o595I

6 10 lq te 22 12 lll 56 t3 -L2 2ú+50

á lo 19 20 22 L2 114 4E 20 36 ZOr?t5

6 t0 19 27 22 l? 172 73 2 -L6 2o50o.2

é lo le 28 22 12 -1(}+ 73 -l? -t 2o5oll

5 to le 3t 22 12 -t+4 66 -15 -lt 205¡ó0

6 tl 5 14 23 12 E6 2t 6? 4 201026

é 'lo re 37 2l t3 -7t 22 -67 ¡ô 20ó991

ó lo 19 41 2l 12 -91 29 -ól -1 ¿06ó+3

6 ro 19 ?c 2l 12 -9O 19 I -?l 2O7l?ô

é to t9 lr 23 12 82 12 ?8 S 2075?0

6 L2 t7 1t 2t l:} 91 39 5t -¡ 20ô28E

ts
¡
@

0tct2

i

I

I

I

I

I

I



VEHICLF

GYr- I 4
x-Y US8-30

GOS-28
x-Y usB-85

I RACAR TABLE

TFACK ¡NG T I¡{E

HFS r{¡N S€C

r ll 34

t tl 54

SlAÏION ACQUIS¡T¡ON DATA

OAY HF S I'IIN SEC RA DEC ÁZ E I.V X Y PAÀGF

á ll. 5 5e 22 12 t2' á5 2t -14 2A5244

ó tl 6 2 22 t2 t27 56 22 26 205195

6 tl ó 7 22 12 -l4o ?1 -to -té 2c5cçs

ó lI 3 l0 2t 12 -e6 ê2 -2e -3 205225

ê ll 6 10 2t t2 -t25 ts -21 -t" 205411

6 1l ó 15 2L t2 -16 ll -?9 .t4 207ê.76

é ll ó t8 2t t2 -83 to -35 -78 2077?5

6 lr ó t8 2t 12 -e6 ls -?2 4 207232

ó 13 ( l? 23 13 ç? 50 .40 -4 20t880

é t3 4 21 2t 12 -l?5 é7 23 -2 20522-l

ó 13 4 28 23 13 -l:2 7t -e -t5 2o52lt

é 13 a t5 ?2 12 -lcó 50.-38 -to 205828

6 13 4 38 22 13 -e6 34 -56 3 20ô553

ST!ÏION TEFII¡NAT¡ON DAlÁ

OÂY HRS IIIN SEC RA DEC AZ ELY X Y R,ANGE

6 t2 17 5t 23 t3 1ó7 71 + -15 eo5t50

6 L2 t? 55 23 t2 tt6 65 2? LO 205329

6 L2 17 59 22 13 -1t.7 6O -21 -lt Z0ia?t

6 t2 18 t 22 t3 -E9 15 -45 I 20ó01+

6 12 l8 L 22 t2 -t07 46 -43 -Il 205989

6 11 31 50 2L 13 -77 5 -85 t3 ¿CìôEE9

6 tl 34 t4 2L t2 -?9 t -ó6 -?E 20ó838

6 LZ ll 19 22 12 -?9 , -95 l¡ Zo??91

ó 14 15 48 24 13 lO? 65 2+ -7 20i5+61

6 l4 15 :e 21 13 -137 62 22 -L9 205567

6 t4 t5 58 2a 13 -11? 62 -25 -12 ¿05559

ê 14 lá c 23 lt -95 36 -54 -4 ¿065ó9

ó 14 t6 lo 23 t3 -81 ts -?2 I ZO757Z

rl lL-71
I-Y US8-3o

r tt 52

^lG-9 
I

.l-Y US8-3O
I tl 53

80 -02
I-V USB-30

r ll 51

tcl{-75
I-Y USB-30

o2t34

llD-2 3
T-Y USB-85

o2756

CYI-04
I-Y US8-30

HÆ,-l2
I.Y USB.3O

l9t

I ll 3l

GDS-2e
I-Y USB-85

I tt t2 ts
d€

GYp-t 4
I-Y USB-30

I tl 30

il IL-71
r-Y us8-30

I tl 30

af{G-g I
x-Y us8-30

I ll t2



VEHIC LE

8OA-02
x-Y us&-30

G$r-24
x-Y usB-30

HSr-25
x-Y US8-85

Gl¡r-2{
I-T USB-30

H¡þ12pi use-¡o

GOS-Zt
.-Y US8-8:

e#rr
f-v USB-30

lltt-71
,ll.go*to
tOlFOz.bt'Ust-lo
L+:: l

lffi-ol
Pv uÈú¿¡:::;.,ì 

":

1 RACÀF 1A8LÊ

TRACKING TII,IE

. HFS tltN SEC.

t ll 2c

o3cåo

0 tl 4l

0 ll 3q

o l1 28

o' ll 20

ollla

o lt t3

o ll t2

DAY hR S f{ IN

é 13 4

S'AI¡CN ACQUISIlICN CAÍA

SEC RA DEC ÂZ E tV X

¿0 22 12 -c8 36 -54

Y FÁT\GE

-7 206{!50

STAl¡Ot{ TERI'tII{ATION DAIA

oaY HF s f,'t tN sEc PA DEC ÂZ ELV X

6 L4 t6 9 23 13 -88 22 -68

Y T(A'{ GÉ

2 201703

5 15 2 t4 2' t3 rl ?3 6b I207211

6 13 41 38 21 13 78 5 85 t2 20695L

ó l9 ¿ 12 24 lL 53 12 -ê5 êt 2019?t,

1 t4 ls 38 25 t3 T9 t2 78 1¡ 207841

6 15 t3 5t 24 14 ó1 L4 -6t 58 207226

é li 13 53 2s 13 ø2 26 6Õ 7 ¿06549

t 15 13 t3 24 13 133 77 9 -9 2{}1718

ó 15 13 5t 2t 13 -ll8 52 20 -3:ì ZO't5l

ó 15 13 i3 2t 13 -104 50 -39 -9 zorr+tg

ó 15 13 5t 23 l' -88 2? -67 2 20,67Aí2

ó ¡r 2 25 21 It 125 ?5 12 -9 205?28

ó l? ? t3 23 t3 -l2l 5+ 20 -30 zOtEtL

á l: 2 74 2t t3 -loó 5Z -37 -lo 2o5?2q

6 lt 2 40 2?.ll -P9 ztr-64 l20?l4o

ô t9 2 4t 2t 13 -r2 t2 -?8 ? 207çC6
:
t

o¿r45

r, 15 2 42 2t 13 -?8 7 -83 ll 208212

6 t5 13 53 23 l:' -tt to -Et 9 2f¡t112

6 l5 lo 29 23 tt -78 5 -85 l2 20792ß

$ t5 39 c.t zt 13 -1a 5 -a5 ra zoio5ó

ó ró ri 5t 25 t4 5t it -st r5 2þ?t6+

é 1r5 14 2 25 i+ ' ¡r 40 50 " 5 2ôó515

&o.

LÞr-oz
x-! UstÊto: : I b-.:'.

h3k-¿¡ o
I-Y USt-85 ¡
! .t- : 4 -. -.

tF21 0
r-Y 9S8-3o

r0Pc2 rc T€t

å I5 t4 S Z¡ 13 -81

êl:r4|'24 l{ 6l

õ t: i4 e 25 13's2

10 -80 9 207\ê2

14 -ú3 5E ¿O7Zll

26 è{ :'r åob:¿¡

59 Òr

rq iL



VEHICLE

Hl¡t- I 2
x-Y UsB-30

GYf.r- l4
x-V USB-30

GES:2 8
¡-Y US8-89

I RADAF TAELE

TFACKING TIil€

frRs üIN SEC

loq

I C t8

SIATION ACQUISIlICN EATA

DAY HFS f.,I IN SEC ÉA DEC ôZ EtV X Y PAÀCE

å It lr I 24 l3 tt4 77 9 -9 20ó?Cc

6 15 l4 9 27 t3 -1C3 tO -40 -9 205(2ç

6 It L¿ q 2t 13 -tt8 52 20 -a! 20521C

á It 14 e 2t 13 -87 2t -67 2 206692

6 l? 0 3ó 26 lt 6(' ll 79 21 208148

STÀÏION TENHTÌ'¡ÅTION OATÄ

DAY HFS fltlN SEC R.Â DÊC A¿ ELV X Y KATIGE

ó 1ó 14 t8 25 14 -l5t 80 -5 -8 2053ô+

6 t6 14 26 21 13 -9¡T t7 -52 -t 20,Ó,656

6 16 t4 2ç 24 t3 -1 04 +l 16 {t ZO617t

6 16 t4 3t 24 13 -81 ll -?9 9 ZOEO93

á 18 t2 I 2ó tt 50 24 62 2A ?.07416

6 t8 tz 5 26 15 22 3? -5¡. tE 20å605

é 18 t2 7 26 t5 24 t9 21 15 206705

ó t8 t2 tt 26 14 85 ót 22 U 205ó9I

6 t8 t2 29 23 t4 -98 
'7 

-?3 -{ 20ó013

É 18 t2 tâ 2: t4 -86 l8 -12 -7¡ ¿07802

ó l8 t2 31 25 t4 -81 12 -78 9 203153

5 20 to 32 21 15 t4 43 3t t? 206675

5 20 r0 31 21 15 -13 4t -15 (E ¿05783

1020

IITLJ?I
I-Y US8-3O

c¡o-08
x-Y usP-30

1022

r tl 24

HSß-z 5
I;Y USB-8'

t lt 2t ôl?o4225144030

¡ lË :'F ¡ro 26 li

t4 201tê1

a 42 l0 41 2Oê4t1

--t

P¡RI(S
AUSIß AL TÁ

Gril-2¿
I-Y USB-30

H¡¡I- I2
¡-Y US6-3o

GCS- 28
x-Y us8-95

GY14-14
T-Y USB-3O

c ßo-oe
I-Y USß- 30

llt24

I ll 23

ó l? o 43 25 L4 42 3t 48 39 ¿06ç83

Ð l? o 41 25 L4 r5 5t 38 3 206Cçe

(¡ 17 | 2 24 14 -ll5 12 -17 -8 205:1åI ll 21

I Lt 2ê,

I rl 23

H
&
P

r tl 48

/. l7 1 l1 2L 13 -çó ?2 l0 -51] 206944

ê l? r 13 24 13 -oQ 27 -63 L ?07202

ô l8 qF 43 26 t5 :! 31 50 32 207Ct3

PA¡KS
Âuslp at ¡ á

1 lr 4ç

C



C

VÉHTC LE

HSr(-2 5
r-Y use-85

Gh]þ24
r-Y us8-30

HÑ-I2
x-Y usB-30

GOS-28
x-Y usB-8t

cRfì-o 8
I-Y USB- 30

X-Y

I RADÂF TÂ8L E

IRACK ING TT}IE

hRs rIN sEc

t tl 47

r. tt 49

1 l1 4E

olo56

I tt 29

l tr z,

1 rlo

STAT¡3N ACOUISITICN DAÍA

DÀY hÊS M¡N SçC f.A DEC ôZ ELV x

5 lÊ iq 50 ?6 t5 3 3c-5t

Y. f.aÀcE

6 205?iS

S'AT¡ON TERil¡NATION OÂ14

DAY HRS r,lIN SEC FA O€C AZ ELV x Y ÊAt¡GÊ

6 20 l'o t't 2't l5 -13 f8 -5t -to 205901

tç

ó8

t5

r..0

:1

,'20

f, 20

5 !9

^22

622

521

522

ft'22

70

?o

?o

?o

l5

l4

L4

l6

t6

l5

l5

I5

ló

l5

ló

l5

-77

-96

-77

-6

-44

-+2

*83

-?6

-12

-j79

-64

pl

I

I

-76

+t

-3E

+o

l+

ló

I

+t
.?5

ô le 58 t2 26 14 i¿ 80 l0 | 201te1

5 l8 cô | 25 14 -93 q6 -44 -2 ZO64tt

,5 lå so t2' 2g 1. -to 9 -50 -"3 2083o0

t ?O '.7 lZ 27 15 lo 43 1é -aa 2ïet24

lo

lo

l9

I

8

t8

8

4

7

7

7

7

4t

--,

I

3'l

44

50

t2

37

9

20

tl

.t

27

25

tÊ

?.8

21

27

27

27

2E

?8

28

30

8t -ó

30 -óo

e- -6ta

49 -5

26 -56

:]o -49

5t -14

5 -85

38 -tr

2ê -62

7 -?tt

\3 ..-.35

zorÉtL

207 3t2

207654

206560

zol 635

20ó9Ll

20ó¡51

20Eö(ó

F.
zotzre *
20t?ll,

20489Í'

¿oe5ó!

5
usÞ85

HS[-2 ^ 2A :? lo 25 l5 -21 25 -52 -22 ZA?LCI

^ 
20 ¡? 20 25 li -27 37 -tt 45 2Oóç8O

t, 20 5? t7 æ 14 .-E¿ te -?l I20?ç21

t 22 ç5 20 27 lê -2? 47 -2C 39 ¿067:0

6 22 5!t .t2 27 15 -â2 44 -46 6 206e37

6 22 ,7 16 27 119 -5t l? -40 -49 ¿08(lC

6 23 24 3t ¿9 .r5 ., 75 . 5 -7r 14 2O.1ê9e

,8.{lKS
lusln rt lÂ
G.*r-24
I-Y USÞ3o

tl¡.-12
x-Y us8-30

c¡o-o8 r
I-V US8-t0

et,r-24 I
I-V USB-30

"- iz" '

ü$:2": 'l
I-V USB-8'

Ü1CIÌ.¿3 'o
X-y . USB-B;

.. .i..i' a

,-tai- -.. I

rlr28 ê 2q ,7 24 26 t6 .-84 ?2 -t3 ? 205et2

I ? .O

lt

tl

'l

+2



VEHI C LE

cY¡-04
T.Y USB-30

illfÞ23
x-Y USB-85

I RACAP ÎABLE

TRÀCK II.IG 1¡ItF

HES ilIN SEC

r 11 25

t l1 2?

SlATION ÂCQUI ST IION DÂTÂ

OAY HR S f{ IN SEC FÂ DÊC AZ E IV X Y F AÀGE

7 0 53 t1 30 l- '8 ll 79 I I 208?37

7 0 53 4t 29 15 e8 22 -4 ó8 208100

7 0 53 52 28 tê -t2 30 -54 32 207ê38

7 0 54 4 26 l5 -?8 15', -?3 12 20E3el

7 1 2 I 30 1'5 7? 5 85 l? 2OBC3O

7 2 5t 31 3l ló .6 30 58 .20 207e28

7 2 5l ?7 30 tó aO t5 54 0 207JO1

7 2 5l 4? 30 l5 lcq 4t t9 43 20?168

2 q2 | 29 tÁ -5a 7 -82 22 209Ce3

STATION TERI.ItNAl¡ON DAÎA

oAY HPS l.{lN SEC RA DEC A¿ ELV X

125t31ló852664

Y RAI{GË

I 201969

cFo-o8
I-Y USB-30

Gliï24 .

I-Y USB-3O
.:

¡çil:7:
I-Y USB.3O

lC¡-?5
I-Y US8-3O

1 ll 2ê

I tt r8

0.51 7

L244

I 3 It lq 31 !o 14 5 85 15 2082c-"

7 3 50 tt 32 lå ?5 c 8: 15 208627

7 1 ¡O ? ?2 t5 7g la ?l ll ?oe:??

1 4 50 é 32 Ir F3 l) 7l ? 20nt:$

7 2 5 6 30 t' 99 3t 13 5+ ¿0?500

't 2 t lE 2e tó -62 l7 -?l 26 208172

7 I 4, L2 29 16 -75 5 -85 l5 2ott+7

1 2 ¿ 32 3t ló lo 19 70 19 20E33ô

? 4 3 t9 3l 17 57 11 4l 2t 201208

7 4 3 24 3l ló 99 51 38 -ó ¿O693t

7 4 t 2S 3t tó 127 55 22. ?7 20ó?9¡

7 3 I 44 29 16 -69 5 -85 et 203?06

7 4 3 24 32 16 77 9 8t ¡3 2090?t

7 4 3 21 32 16 75 e 82 lrr 209¡3?

7 6 I 27 33 t7 8t 
'5 

55 7 ¿0778ô

CVI:O¡5
I-V US8-30

t ll t?

illO- 23
I-Y USB.85

I 11 41

cre-oE
I-Y USe-30

EOl- o 2
t:Y US6-3O

¡llfr-g1
r-Y us8-30

oo4l

020J

F¡
ô
lú¡

0t248

AllG-o I
X-Y USB-3O

t tl 25

BDÁ.O 2
x-Y Use- 30

l tl 2t 1 6 ! 30 33 16 91 37 57 -¡ ¿07868

C



(_C

VEHTCLE

rcN-7t
¡-Y US8-30

cYl-04
x-Y us8-30

I RACAP TASLE

fPÁCK ING 1 IHE

HFS illr,l sEc

t lt 2ê

I 11 21

STAr¡Ot'l ACQUI SITION CATÂ

DAY hFS I.IIN SEC RA DEC AZ ELV X Y FÂI\CE

1 4 50 't 3l l7 4't a4 2C 24 2OttEC6

7 L 50 L2 3l ló lC8 62 21 -9 20éé48

7 4 50 tt. 31 t6 145 62 24 t6 20êê42

DAY HF 5 11 IN

STÂ1 ION TEF¡II¡¡A1¡OI{ DÂTA

SEC PA DEC AZ ELV X Y RA¡T6Ê

3? t2 t7 21 63 tO ¿5 206702761

7 6 I 39 32 t? 135 75 tl -rl 206457

7 6 I 44 32 ló -178 6ê 24 -l 20ó63?rtD- 2 3
¡-Y USB-85

t IL-?l
I-Y US8-30

1 rl 29

t8{6 1 4 52 4t 32 16 '5 5 8s la 209274 7 $ I 2A 33 16 81 l9 "l S 208623

¡lGÊ9 I
I-Y US8-30

e I t3

¡IL-?l lo 34 7t
¡-Y UsB-30

1 t^ tl 1 32 lt Ê3 44 46 t 2079?2

r 6 37 A 
'2 

lå e5 27 63 4 208?21

T | 
'7 

o 12 ló 06 4t 49 -5 2O8C?5

? ¿ ?7 t3 t2 l? I .é5 C 25 20?lP3

f^EI TO EI

7 ê 37 t5 32 l? t?t 79 2 -l t. 206ç30

7 t 17 l? 72 ló -158 64 21 -o 20?195

? l5 42 20 31 l'5 -75

7 11 tt 4? 3l ló -75

? ló 12 l8 3t t6 -75

7L22523tló-1'

7 t2 4e 44 3l 16 -?5

7 L2 2l 7 3l t6 -'11

? ls tt 27 3t 16 -75

?. tq ¿5 20 31 15 -?5

7 ?2,20.22 3t ló:-?!

5 -85

5 -85

5 -85

5 -,85

s -d¡

s -7t

I -85

5" -72

5 -85

193791

l9t 169

'

192916..

2001¿¡ó

IgEEOO r-.
&.å

¡99ô23

l¡?606

r8Þ.59r

lðr890

l5

l5

l5

¡7

It

-1:t

¡l

-lL

l5

¡c¡-o2
I-Y US8-30

^ciþ?5I.Y-USB-30

9339

J23aO

CVI-O{
r-Y usB-30

t5 L2 29

. r,lÞ23 5
I-Y US8-8q

.4 ,: ¡ßIrl-14 12' -r;v usB-30

. {Q#¿s t2
I-Y USB-8;

43 t0

t5 52

t5 ll

7(s53572t6't , 85 lé 209421

rt'¡F,rI-Y
2 ..r2 2 l0
usa-30.

7 7 ¡O lO 32 ló 14 5 -?3 7? 208ç26

? .10 t8 .lt .t2 tó ?ç . 5 E5 . 15 20318?



VEHI C LE I Racnn r¡3¡6
TRACKIÀtG llf{e

HßS i¡ITN SEC

5

STATIOIr ACOUISI lICN DATÂ

OAY HAS }IIN SEC RA DEC AZ FLV X Y RAiGE

7 l. tt 47 33 ló 75 5 I5 l5 196421

? li 4 24 23 t7 êq 5 -7e é5 t94ç03

STAÎION TERIITNÂÎ¡ON DAIA

. OAY HFS IIIN SFC FA DEC AZ ELV X

8 1 t3 51 t2 16 -75 5-85

Y RITGE

t5 L75r57Gr,I-24 I I 42
I-Y US8-30 -

HSK-2s
I-Y USB-85

92338

cn(Þoi.
x-Y usB-30

10529

7 17 30 30 7t 17 3a -'o (8 42 ¡ 8çl9q

7 . 2'. ?7 l0 34 t: 74 S -12 74 l?9:01

't 11 ¿ 60 3t I ? 4e 5 e5 2l tct3FG

e o &o o 3¡ l5 15 5 85 .15 1??514

8 I ts 31 34 ló 1t 5 85 t7 ltó!85

E o 28 2 tZ 11 -óó 5 -78 -ó5 L77692

8 3 10 29 aZ ló -69 5 -85 20 L72669

7 22 7 5e 72 t7 -40 30 -4ð 42 180851

8 t2 24 48 t4 15 -7t 5 -71 -74 L9ta1Z

I l2 a4 óc ?3 t5 -?ó 5 -85 L+ L52t2i¿

8 t2 to 20 tt tó -73 5 -85 L7 t5t972

8 lé l? 5t ,4 15 -16 5 -85 ¡å l+t586

8 lt 4e 1 34 15 -?6 5 -85 t+ ¡45?0ô

8 t7 l8 0 34 15 -?6 5 -85 14 14221ô

I t9 t8 30 35 t4 -?6 5 -85 l4 137353

8 19 rl 5ó 35 t4 -16 , 5 -70 -75 135976

a 22 Ze 52 15 14 -?ó 5 -85 l+ t¿9¿91

PIR{S 4
IUSIR Ât ¡ A

il10:.23.' 12
x-Y usB-3:

c Y lro4 12
x-Y use-30

,1 29

47 t0

t4 5t

¡cr¡-?' to 54 49
x-Y USB-30

8CA-02
l-Y USB-30

t2 23 rc

rtc-91 tl q0 46
r-Y u5s-to

8 3 ?2 2L 34 15 1i 5 8t 15 l7l30l

8 ? :8 2l a4 t5 -t' 5 85 l5 17tlo2

9 c I 43 34 lr 7j t 85 l4 lê8ççq

? '? 3 t7 ?t lÊ fÅ 6 Pt t¿ ló4i?0

e a le 24 35 t. ?ß 5 -?l 14 164?2a

8 10 ?8 5 -45 I c 14 < 85 14 lq7åcl

ts
å
Ulrll-71 12

x-Y usB-30

GYH-I4
X-Y US8-30

GDS- 2 I
x-Y us8-8f

Hrt- I 2
x-Y us 8- 30

lé !"

12 14 5?

t2 ,2 t2

l¿ I (?

C



C
5

VEH¡ CL E

Gtt{-24
x-Y usB-30

HSK- 2 5
x-Y usB-8e

cRo-08
x-Y usB-30

P ARKS
AUSTRAL¡A

¡tÀD-2?
T.Y USB-3C

cYt-04
x-Y usB-30

acr{-7 5
x-Y usB-30

8EA-02
x-Y usB- 30

I RACAR Ì ÀBI-E

TFACK ING TII.{E

IiFS IIÑ SÉC

lI 41 2\

STArI CN ACOUT Sl T tON DATA

OAV HËS ts!!N SEC FA DËC ÀZ ELV X Y. RÅACE

e 14 2? 34 36 15 'e 5 86 lt l4?C3C

8 tÊ t? 4? 36 16 áS 5 -7e éé t47104

c li lç q 3l 15 ?0 5 R5 20 lt'2225

8 1? 3' ¿l 36 15 4L 30 Àe 4l l40cl4

9 23 :5 52 3!t L4 ?ô 5 -?0 75 L25¿1e

c 0 îq 5ó 39 l¿ 1'f 5 8: .17 lZztga

a I ?l 3ç 39 tl 14 r 8q L6 l2l205

o 4 t4 35 40 t¿ "t't 5 8ç 13 tl3:62

c L l8 53 40 t4 17 5 85 13 113354

c 5 24 45 40 14 5. e5 13 llol3o

9 ? 28 ôO 4t 1¿. 71 5 8t 13 lO38ê5

9 " 4. ZO 4l l3 11 5 -é8 76 !02çÉ8

9 lo 51 44 4t t3 ?8 5 85 12 9263?

SfÂTION TERüINAT¡ON OATA

CAY HRS HIil SEC RA OEC AZ ELV X

c 2 5 f5 t6 l4 -?ó 5-85

Y RA tÌGE

l4 l19ô32

c 30 1

i0 lt 1

4 ttc' ió

12 1.? O

e o 42 E5 76 16 -áó 5 -78 -66 L274Lt

9 3 2ê lê 37 15 -70 5 -85 ZO LL5A67

8 22 2? 37 36 16 -41 30 -4e 4l l2E1óó

ç t2 39 52 40 t2 -78 
' 

-67 -77 86767

9 t3 13 ?4 40 t3 -?8 5 -85 L2 E4770

? t2 33 3 40 l4 -?5 5 -E5 15 871ó+

9 1ó 39 40 42 L2 -19 5 -85 ll 7L787

e tó 13 4c 42 13 -78 5 -85 t2 7t199

q t7 42 3ó 43 t2 -7e 5 -85 ll ó7tr3

ç 19 4'' 34 45 11 -80 5 -85 l0 5ð481

o 20 ¡9 28 46 lO -81 5 -ól -60 5tOrO

a 23 13 ll 49 9 -82 5 -e5 I +l4to

12 t4 3P

tl I 2t

t2254

ÄNG-91 tt :4 53
T.Y USB-30

vtl-?l 12 1? 5t
I-Y USB-3O

GYr{- l4
x-Y usB-30

12 t8 34

GDS-28 L2
x-Y usB-85

Ht¡.- t2 12
I-Y .USf- 30

t38

t5 2A

H

&o



YEHICLE I RÀCAF TÂ.BLE

TRACK TNG T f}'E

hRs ¡rtN sEt

13 le 3¡

SÎATION ACOU¡ S¡ 1 ION DATÂ

DÂY HR S i,IIN SEC RÄ DEC AZ ELV X

e l+ 5e tt 46 13 ?8 5 ItGil,r-2ó
x-Y us8-30

HSK-25 lo 45 13
r-Y us8-85

cn(Þ0E
¡-Y USB-30

l0 2c 37

PITK S
rusTR fl_ t a

5 22 !l

cnfÞ0P
A¿-EL FPQ6

2303¡

FSr-25
x-Y US8-85

o2êsc

Y RAIGE

t2 782e3

S1ÅTION lERIlIÑAlION DÂÏA

DAY hRS {IN SEC RÂ OEC AZ ETV X Y

lo 4 t8 46 tll -ó3 -160 5 -15 -7l)

RAI¡GE

2ztl

9 17 14 3, 48 la 72 5 8ç lg têC,1a

ç 18 l2 4 48 l5 43 10 50 30 64C46

9 t5 44 3ó 46 t5 ê't 5 -71 6? ?53ç3 l0 2 29 4a ó1 t2 -?l 5 -15 -70 20rC+

t0 4 20 32 -151 ? 80 5 I5 lO r8zl

e 23 24 14 52 14 -15 30 -5t ts 3ElO2

t0 4 20 32 -l5t 7 80 5 85 10 1E2l

lo 4 2t 27 -lê7 45 20 5 -85 20 lt3l

l0 ! 4e 56 óO 13 -42 42 -?t t4 2t4OC

to 3 56 31 82 1l -12 5 -74 -77 SSe4

ts
ü\¡



LC
TABLE 1.1-V.- MISSION RADAR TfMELINE - Concl_uded.

(¿) I-M acquisition a¡rd. terrqination - 5o minimr¡m elevation

F
I
@
@

Acquisition
range,
n. nl .

2o3 625.L8

zo\ 960.25

N\ 862.58

eot xl .6t

2ú 9L\.69

æ, L2O.T9

20,6 TT7.3r

æ6 693.58

2o5 885.or.

206 b63.8

ñ 30,2.6

2O5 880.9

ao6 bo2.¡r

2O5 909.07

zú b5o.æ

MiDi@
ræge,
n. ¡1.

zo3 62r.16

20\ 960.25

20\ ú2.58

203 917.6L

2O5 295.13

2ol 162.10

2O5 9]-2.'/.8

2o5 8bo.r?

2o5 û73.81

2o5 ?r8.8

20r rT1.2

2O5 189.5

2O5 960.1

zo5 89r.79

206 \5o-æ

l,fqisu
elryetion,

ateg

51.8

?.3.2

2r.o

I3.1

2L.6

¡2.ù

10.9

12.3

26.6

ã2.\

?5.L

9.5
æ.5

L2.2

o8.3

Coverage duation,
8.e.t. 'hr:Ein: sec

0:19:10,3

O:19:16.2

0 r19:17.0

o.L9;2r.r

1:08;5r.8

tr08:51".8

0:31 319.5

O !3?: L8.2

13CE¡l¡5.2

O:33:1r3.8

O;L|r:08.3

O:11:lU.5

O:IL:38.9

O:11:35.5

0:11:22.3

Signal l-oss,
8.e.t. 'ilay:hr:!in:sec

5;22|30tr8.O

5222.31ßlr.o

5.22t3l.to\.7

5222.3j.1l'2.8

6¡OO:28222.\

6:00:28:32.9

5.23t51t05.9

5223t5'l:36.3

6:00:28:l¡3.3

6:OO:28:19.1r

6:OO:28:10.0

6zOLzú:23.O

6:Ol:26:23.O

6:Ol:26:23.0

6:01:26:23.0

Slgül scquisitlon
8'e't'r

d,ay:h¡ ¡nl-n: sec

5122.]-I.\7.7

5t22.rl.\7.7

,.22.IL.1Í.7

5222rlltl+1.7

5.22.11.\7.7

t.23.O1t25.3

5z23tL9:!.O.6

t:23:19:lr.r

5:23: 19:116.lr

5:23:L9:1r8.2

5:23:19:58.1

,223.30229.L

5223:5\235.6

5.23159.\9.9

6 ¡0o:l.lr:.1. ?

6:0o:38:56.1

6:0O:53:56.1

6:01:08:56.1

6;01:].lr:38.5

6:01:Ib:38.5

6:0t:lb:lrb.t

6:01:1ù:¡r?.5

6:0r:15:o.?

6:01:f?:4¡.5

6:01;20:15.O

6:01:2L:28.3

6:01:23:06.7

6:0I:2¡¡:26.3

6: Ol: lrO:OO. O

¡nsertlon

RDR 23 CRO-08 X-I USB-30

nDR 29 HSK-25 X-Y USB-85

BDn 3I Puks Austr&lia

RDR 211 cr¡.r-zu x-Y USB-30

' csI

8DR 28 MAD-23 X-Y USB-85

RDR ?3 C80-08 X-I USB-30

RDR 29 rsK-25 X-r USB-85

nD¡ 31 Psks Austrsli&

nDa 2\ cIM-2b X-ï USB-30

P1ee chege

nDR 2L Crr-où X-Y US8-30

CDtr

RDR 22 ACn-75 X-Y USÞ30

lPI

t{c-t

ß-2

Coest to first brsking gate

RDA 22 ACr-75 X-r USB-3O

RDR 2L CrI-oÙ X-r ¡rsÞ30

'nDR 28 r,rAD-23 X-ï r¡SB-85

:mR 23 CR0-08 X-t USB-3o
r¡

. First bre¡lng Bate

Scconil bra^kl.Dg gate

' thirat brallDg gete

Fouth breflng gBte

i rt"ao brêLing gate

Doctl¡g



EPo¡ l0 lLt I

VEH ¡N 5U'{L¡6H1

VEH ENlER¡T{q EART}I P€NUÉBRA

VEH ENTER¡N6 E¡RIH U¡TER^

YEH ENTER¡N(r EARlH PENUTiERÂ

YEH EilIER I I{6 SUilL I 6Hf

VEH ENIER I I{6 EARIH PENUIISRA

vE]4 ENIrR¡i¡{i E^RlH UilðRA

VEH ENIER¡NG EARlH PEÑiJiBRI

VEH E{T€R ¡N6 5UN!I€XI

TABLE T.I-VI.- MISSION SHADOW TIMELINE
(a) CSM

LIGH?ING CONDIlION FOR VEH ¡

ll PnasE lNltlAfl0N

0AYs HRs xtNS SECs

o 3r !0.9

t 59 5{¡3

T I IlE SFENT I iI IEG I ON
olYS HRs ütils SECS

0

o 0 3t {.2.7

0 I 5 3{.0

0 I 5 .ló.ó

0 t 59 {2¡8

o 2 33 {3¡9

a 2 33 56.5

0 0 0 tl¡?

0 0 33 5t.3

O 0 g 12o6

0 0 53 5ó.t

0 0 0 tl¡3

0 .0 33 9.jt7

0 0 0 lZ¡á

fLt CUTOFF TO NFR M^IIEUVER

VEH IN SUNL¡GHI AI PHA5E IN¡I¡AlION

D¡YS HR5 il¡N5 SECS
IIilE SPENf ¡N iEG¡OI.I

D¡YS xR5 x¡NS SECS

å
\o



a

IRAN5LUNAR C0^51 l0 L0r¡

VEH ¡N SUNL¡GHI

VEH ENIÉNIil6 LUNAR PENUIIER^

VEH E{IERIN6 LUNAR UI{8R^

VEH EilTER¡NG LUNAR FENUilBRA

YEH ENf ER I IiG SUNL ¡ GIIÌ

c0^5t tr{ 60 r t70 to L0t2

VEH IN 5UNLIGHI

L¡GH1¡NG COND¡7¡ON FOR VEH I

^l 
PHA5E ¡r,¡11¡l1t0N

O 0 I t?.e

0 0 3t t7.2

0 0 0 {¡.0

0 0 0 r2.9

0. 0 {{ 59.5

0 0 0 lZ¡t

0 I t3 70t

0 0 0 l2o9

o' o ¡s .ó

0 0 17.0

oAYs HR5 r,r I NS

! lO tal

1¡üE 5PENT ¡N ¡gGION
DAYS HR5 xlNS 5ECsSECS

{7.0

3 l0 {9 ô.9

t lt 20 9{¡2

! ll 2t 25.2

¡f PHASE TNIIIATION

0AYS HR5 ilINS 5EC5

I 12 {t .ló.7

I¡IIE SPENT IN REG¡ON
0AYS l'tR5 Í ¡ NS 5EC5

VEH ENIER¡NI¡ LUNAR PENUIBRA

VEH ENIERING LUNiR UilSRA

VEX ENfER I NG LUNAR PENUIBRA

VEH ENTER¡NG SUNL¡GHI

VE}T €NTERII{G LUN^R PENUI{gRA

VEH ENIERIN6 LUNAR U¡IBRA

VEH ENlER I NG LUN^R PENUI{8RA

r 12 ,a7 59rô

3 t3 32 se.l

3 13 33 l¡.2

! l{ 5ô l0r{

! ¡tl 9á 3l¡2

! 15 .¡ tl.ð

3 15 raI {8r9

;
I\oo

VEH ENfERING SUNL¡6HI

0



VEh ENIER¡I{G LUI{AR FENUllBRÂ

L¡c.HllNG C0N0¡ll0N F0R vEX I

f¡riE
D^YS HRS r.r ¡ NS SECS 0AY

0

{ 3-33 2r.o

SPENI IN REGION
S HRS nlNS SECS

0 {5 33oó

vEH ENlåR I N6 SUr{L | 6}rt

YEH ENlER¡I¡G LUN¡R PET{UHBRT

VEH gillLFIX6 LUNAR IJ¡lBRA

VEx EN.TÉRIN6 IUI¡AR PENUHBRA

VE¡ ENlLñ I NG SUITL ¡ GHI

VEH- ET¡¡ERIilG LUùAR PENUIlBR^

U}I8R ¡

VEH ENTEFIN6 LUNAR PEÑUTBR¡

VEH ENIEi ¡ N6 SUNL I GHT

VEH ENfERIN6 LU¡IAR PENUilBR'

{ 3 33 37.9

g 0 0 t0.9

0 I 12 ¡llr3

0 0 0 llo3

0 0 {5 3óol

0 0 0 to.t

0 ¡ 12 3ó.2

0 0 0 t0¡8

0 0 {5 3ó¡l

0 0 0 r¡.3

I 12 .r0.{

{

{

ra

{ {ó l9o2

.t rtá 30.5

{ 5 t2 lTot

4 ô {.1 51.5

5 32 ó.å

t 30 ¡r1.2

{ ó {5 {.3

{ 7 30 52.5

{ I rl3 32.9

Þ.
¡\o

let

€-,



C

LIcHIING COND¡lTON FOR VEH I

DAVS HRS HtNS SECS
I¡ilE SPENI IN REG¡ON

DAYS xRS il¡NS SECS

VEH ENIERIN6 LUNAR Uil8RA

VEH ENTERING LUNAR PENUIIBRA

VEH ENIER I NG SUNL I GHI

VEH ENlE.R¡NG UUNAR PEI{UI'tBRA

VEH ENTER I i¿G LUNAR U}t5RA

VEH ENf ER ¡ ¡¡G LUN¡R P€NUI|8RA

vEh ENfIR¡N6 SUl.,¡LlGlil

{ 8 {! {3r7

0 .0 0 t0¡8

0 .0 {5 37.2

0 0 O t{¡0

I ¡2 31.¡

0 0 l¡.2

0 0 {5 !8o3

0 0 0 tlo0

i 29 2O,9

{ 9 21 35.0

q l0 .12 ó.0

.l l0 qZ 17 ¡?

{ tl 27 S5.s

{ lt 2a ó.5 l-¡
I'iO
5



LPo C0a5l 10 LoPCt

VEH ¡N SUNL¡GH1

VEH ENfER¡NG LUNAR PE¡¡UIIBR^

VEH ENTER¡N6 LUNTR UilERA

VTH EI{TER I NG LUNAR PENUT'IARA

VEH EtIT¿R t i¡6 SUIIL ¡ G}I1

VEH ET{ILR IN6 LUNAR PENUI{BRÂ

VEH ENIfR¡N€ LUN¡R UilBRT

VEh gNT¿RING LUNAR PENUMåRA

VÊ,X ENIER I Nú SUNL ¡ GI{I

VCH ENlLR ¡N6 LUNIR .PET¡UI'tBRÂ

VEH ENTERTNC LUNAR Uil8RÀ

VE,T ENTT.R¡NG LUNAR PENUilBR¡

LIGHIIi¡G COND¡TION FOR VEH I

AI PHASE ¡N¡TIAItON

DAYS rtRs r,r ¡ N5 SECs

1 lz rto {0.3

1IilE SPENI IN RECION
DaYs HRs xlt{s 5Ecs

{ 12 ¡{n 5¡.{

{ t3 26 29,q

{ 13 26 {0.5

{ l.t 39 I ó..1

{ l{ 39 26.7

q 15 23 3,0

{ t5 29 t{.2

{ tô 37 5{.2

.t ló 38 5.ô

tr 17 2f .{2o6

0 0 0 ¡tro

0 0 {S !8o0

0 0 0 ll.l

0 I 12 !5¡9

0 0 0 l0¡3

0 0 {5 3óo{

0 0 0 t¡.¡

t ¡¿ {0o0

0 0 0 tl¡3

0 0 {5 3710

C

F
.å
(,ì



C

LtGHt¡l{C C0N0lT¡0ñ F0R yEH ¡

f I}TE SPENT ¡N REC¡ON
DAVS HRS HINS SECS o^VS.HRS n¡lls 5EC5

:,-. .ì. 0 0 0 t5ot

V€H E|{TÊRING SUr{l¡GnÎ { tt 2! 57 cl i

0 I t2 30¡ó

VEH ENÎLR ¡ NG LUNAR PEÑUËgRI' , '{ 
T 8 !ó 28.3 i:

0 0 t0o9

VEH ENÎER¡NG LUNAR UIIBR^ { 18 36 3"2

vEH .ENITRtNG .LUNAR PEI{UIiSRA

VEH EI{1ÊRTX6 SUÑL¡GHl

{ ¡9 22 t7.8 ::

0 0 {5 38.7

0 0 0 tl¡3

{ .t9 22 29r.1

t-.
I\o

o\



LoFCt ¡O L¡ JErÌtSoN

VEH ¡I{ SUNLI6I{1

YEH EÎ'tlEilN6 LUilrR PE¡utr8R¡

YEH grllEi¡NG LUiltR UilBRA

YEfi ENlElltG LUI{AR PEtTUfiBRA

YEH EIiIER¡il6 SUhL¡6H1

YEH E¡T€Î ¡N6 LUI{Ai ?ENUIIBRA

vEx ENlEtlt{6 LuillR ul|8t^

vEH E¡lgß¡il6 LU[^t PEr{UrERt

v¡¡ ErrER I t5 Suf\¡L ¡ 6l'rf

VElr ENtL,t I xG LUilrR Pgl{UñEña

YEH ENTEf,¡N6 LUT¡AR Uü8NA

YEH EIIIEI ¡T¡6 LUXIR PEITUHER¡

Ll6l{tlNG CoND¡f¡0N FOR v€H I

A1 PHISE lNlT¡Alt0N

,t zo 35 17. t

{ 20 39 2ó.0

1¡il8 SPEt{1 ¡r| iEG¡0it
DIYS HiS xlt{S SECS

{ 2t 2t t¿.?

{ 2t 2l 2.|t2

r 23 20 2.1

5 t ¡¡ 27¡8

00080t

0 0 {5 (ô,9

t0 0 0 llr!

3 0 32 tzor

5 0 32 {3.{

1 22. 33 Sr.2

q 22 3{ tor{

I 23 tt 520{

O 0 0 ttr2.

0 r t2 !5.0

0 O 15 {2rO

0 0 {5 {{.{

{'\-,/

o .0 o 9r7

0 I t2 !0r3

0 0 0 ll¡0

C

I€



C

L¡GItTI}¡G CONDII¡ON FOR VEH I

YEH ENTfR ¡ NG SUNL ¡ 6Hf

DaYS HRS 11 I N5 SECS

I tB 3t¡?

5PENl
HRS

IN REGION
H¡N5 SECS

0 llol0

0 t t2 28,8

0 g 0 tl.s

0 0 15 12.2

t¡ o 0 tt¡2

o I t2 5l¡7

T¡ilE
D¡Y5

0

VEH

VEH

:.

YEH

VEt{

YEH

i.

v€H

ENfER I N6

ENTER I NG

ENIEiIÑG

ENrf.f{lN(t

i.i. r:;r-

€xrEi t N6

Er{ttR¡N6

LUNAR FENU}T8RT

LTJNAR UñBNA

LUNAR PENUIIBRA

' 'i ' 1¡

5¡JXL t Glll

L,I.'N¡R PEUUilSRT

':
LUriAi ulrBRA

5 2 3t l,l

3 2 3f tlr3

5 3 t7 t.5

t2¡ô

{ô. ¡

I It

. :t

H
I\oø

I
o{¡0 r 1.3

:' '5 { 21 57.6

VEH ENTERTÑG LUNA-R PENUITBRA 5 5 t5 c6.5

5 5 ¡5 ss.e

I å 28 20.5

5 ó Ze 31.{

{¡ 0 {5 {C¡8

Ð80e.0

0 I t.z 25.1

0 0 0 t0.8

V€H ENÍÈNtil€ SUNL¡GHl

Y€H EITTER ¡ N6 LUI,|AR PENU}TBRT

VEX ENTERIilG LUÑIR U}I9RA



LlGHttt{G c0NDtttoN FoR vEH ¡

DTYS HRS iltN5 SECS
I¡ilE SPENT ¡N REGTON

DAYS HRS rilNS sE{S

VEH ENTEiTN6 LUNAR PENUilBR^

VEX'ENlERINC SUNL¡GH'

VEH EfIIER ¡ NG LUilA:¡ P€.NUIIBRT

3 | l{ lár5

5 ? t{ 27,ô

0 0 .15 13o2

0 0 0 tl¡!

0 t r2 32.3

¡ o 0 ¡.e

582t .t

vEH El{TEi t 116

!' .,:. r ,'

YEH EÎ{TERt|lC

..1 :.-^-

vEH EfilE¡ lr¡6
a :.. -!- '

y!¡ frl€rlr{6

vEH EdfEi ¡¡6

YEH EfIIE¡ I X6

IUNAi UI{9RA

LUNAR PEJrUrSil

su¡{L ¡ 6Hf

LU¡Al ?ExU¡EnA

,' 1: ì :

Lurri ufgr.a

LUfTAi PEI{U¡TBRA

5 I 27 2.0

5 t .12 5l¡O

t r 13 l.t

o 0 0 to.t

0 I¡ {5 {tio

O ¡ 12 .llrl

t to 25 !¡.ó

5 lo 25 {{¡9

O O O llr3

o o t5 {508

vEH EtllEi t xC 
'Su¡l ¡ cxt

5 tt tt to.7'

I lf tt {¡.ô
O0Ol0o¡t

0 t t2 tt¡ö
YEH EITISR¡ilG LUIIIR 

'EI{UIIBR'
g la 2{ 5.2

t

¡r
I€€



LC
LlGHttN6 coNDltlON FOR VEH I

DIYS xRS ir¡NS SECS
f I IE 5PENf ¡ t{ REG I ON
0lYS HR5 r{ ¡ NS SECS

VEH ENIER¡NG LUNAR UHBRÀ

VE}T ENTER ¡ NG LUNAR PEI.IUIIBRÂ

VEH ENTERTÑG SUNL¡GH1

VEH ENf ER I NG LUNAR PEf{U'tARA

VEH ENlERING LUNAR U!'BRA

VEH ENI¡R I NG LtJI¡AR PENU}IàRâ

VEH E1{TER ¡ N¡ S['NL ¡ 6Hf

VEH E.NIER¡N6 LUNAR PENU'4gNA

VEH ENlåR ¡ ¡¡6 LUI{AR U}IBRA

V"Ei{ EIìITERT NG LUNAR PE}.¡UtlBRA

VEH ENIER I NG 5UNL ¡ GHl

5 12 Zta ltt.?

s ¡3 t0 5.¡

s 13 t0 lá.{

s ¡q 22 .t8.1

3 I ¡t 22 5e.3

6 ts I {3.0

5 t5 ó 5c.5

5 ló 2t 21.{

5 ló 2t 32o5

5 !7 7 2otÐ

I t7 7 ftot

0 0 9.0

0 0 {S l0¡9

0 0 t¡.{

0 I 12 3¡.7

0 0 0 llr2

0 0 {5 {3.t

0 0 0 13.5

(¡ ¡ 12 2{.9

o 0 0 rt.l

O O {5 .a7.5

0 0 O tlrl

ts
Itsoo



LIGHl¡N6 CONDTIION FoR VEH I

1¡ IrE
OÂY5 HRS M I N5 SECS D¡Y

SPENI ¡N REGION
S HRS H t ¡rS Srès

VEH EI.IIER ¡ÑG LUNAR PENUHÊRâ

VEH ENlT.R¡NG LUNAR U}I8RA

VEH ENTER ¡ N6 LUI{AR PENUI'IBR¡

VEH ENlL.RING SUNL¡Gh1

VEh ENTERING LUhAR PENUITBR!

VEa ElilERlr'¡(i LUt{Añ UFþÊA

VEr ENIÊR ¡ Nb LUNAR PEtiUHBi¡

VEh ENÍER ¡ NG 5UNL.I EHl

VEH ENIf,RIilG LUNAR P€I{Uil8R¡

V¿H EhI¿R¡N6 LUNAR UlrBRA

VEH EN¡ERING LU¡AR PgNuilBR^

s 18 t9 58¡2

5 le 20 7,3

5 t9 5 53.7

s t9 å 5.0

E 20 r8 35.ó

5 20 ts s7.o

5 ?t q 37.5

5 ?l { qó.{

s 22 t7 9,1

t z2 t', 2Û .7

5 e3 3 9.0

0 t t2 270t

0 '0 0 9.3

0 0 .r5 16.2

0 0 0 rl.¡

0 t t2 30.ó

0 0 0 tt.{

0 0 {5 !0¡5

0 0 0 8.9

¡ 12 23.{

0 0 0 l0¡9

0 0 {5 {&.3

F¡
I
o
H

e



o
LITTHlII¡G çOND¡f¡ON FOR VEH I

DaYS HR5 r,t I N5 SECS
1 I üE 5PEr{T ¡ r¡ R¿6 t 0N
DIYS HRS il¡NS 5ECS

VEH ENlER I NG SUNL I 6}II

VEH ENIER ¡ N6 LUNAR PENUI.IBñ!

VEH EiIIERING LUNAR UT{8R^

VEh ENTFRIN6 LUNAR PENUt,IBñA

YEH ENlER I NG SUNL I GHl

YEH EXIEi I N6 LUÑAR PEI{U}IBRA

YE}i ENIÊR ¡ XG LUÑAR UI'IËRA

VEH ET¡1ER¡NG LUT.¡-AR PEÑUM3RA

VE¡I ENf ER ¡ ¡6 5UI!L ¡ G}tI

5 23 ! 20.1

6 0 t5 9?o2

ó 0 t5 32.7

á t r 13.t

6 I I Sq.l

6 z t{. 23.2

6 2 l{ 3{¡5

á 3 O 23rl

ô 3 0 33.9

0 0 0 r¡.3

0 t l2 29.O

0 0 0 3.{

0 0 {5 !O¡5

0 0 0 t009

0 I ¡2 ?9.t

0 O 0 tl¡{

0 0 {5 q8.6

0 0 0 toot

P
I

ol\t



LPo C0ASI r0 L0PC2

vEh lN SUNL¡Grrt

VEH EN'IER I N6 LUI{AR PENUilBN¡

VEH E¡¡1ERIilG LU¡{¡R UilðRA

VEH EN'ÌE,TtN6 LUilAR PENUITBR¡

vEH Eñ1EiiN6 5urrL r6xl

VE}i ENIERtI{G LUNTR PENUNBiT

YEH EI{IERIT{G LUI{II Uf'IBRA

YEI{ EÑI€RIIiI6 LUI¡AR PEilU}IBR,

VET ENTER¡ï6 SUNL¡EXT

F E Nurl8R l

vEH Er{1gRtN6 LUNIR Uf.rSRA

L I GltT t NG c0t{D t f l0N FoR vÉH t

Al PHASE ttt¡1¡41¡0N

DAYS xR5 14lNS sEcS

5ó. I

7.{

fIllE SPENÎ ¡N RE€ION
DIYS HßS ülNS SECS

á

ô

6

I t2

{ 58 55LS

{ 13

'l 59 ó.t

0 0 0 tl.3

0 0 {5 {E¡l

0 0 0 r0.8

0 ¡ lz r9.0

0 0 O ll¡l

0 .0 {5 !0r7

0 0 0 tt,z

0 I t2 t{.5

0 0 0 t{o3

0 0 {5 {9.{

6 6 tl 25.{

å 6 ¡t 3ô¡{

ó ó 3' 27,2

ó ó 57' 38o3

ó 6 e 52.8

ó B l0 7,1

YEH EI{fER¡ilG LUT{I,N PEilUIIsR^ ô 8 55 5ó.5

C

¡

ott



C
LtGHlINC CONDTI¡ON FOR VEH I

l¡lrE
0tYs HRs ltlNS SECs DaYS

0

ó It Så 7.7

SPENf IN REGION
HRS il¡ilS SECs

VEH ENIER I NG SUNL I GHI

VEH ENIER ¡ N6 LUNAR PENUT'IBRA

VEH ENTERING LUNAR Uil8R^

VEH ENTE.R¡NG LUNAR PENUIlSR¡

VEH ENTER I NG 5UNL I GHl

VEI{ ENIERTNG LUNAR PEÑU'T8RÊ

VEH EÑIER¡NG LUÑAR U¡16RA

VEH EÑlERt¡6 LUNAR PENUíERA

vEH ET',IER¡NG- SIJNLI6HT'j

YEH EfilER¡i¡G LUNAR PENUhBR¡

VEF ENlERIN6 LUNAR U¡tðRA

VEx EfTTE¡tNG LUNAR PENU¡8N¡

ó l0 I 30,ó

ô l0 I {2o0

A l0 5tl 32.3

6 ¡0 5{ 18.5

á t2 ô 56.8

â 12 .7 t?oS

6 12 53 2.9

ê 12 53 ¡9.3

0 0 lt.z

0 ¡ .12 22o9

0 0 0 t¡.{

0 0 {5 s0¡3

0 0 0 tó.2

0 .¡ l? .2..2

0 0 0 .t5.7

0 o {5 go.s

0 0 0 tl.{

0 .. I lZ -22o2

0 0 0 tl¡2

0 0 {5 {9¡7

0 0 6 l9r5

F
Itsos

ó lq I 3ê.6.,]

ó l{ .5 37.8

ó ¡{ 5t 37.5

a ¡{ 5t 5¿.0VEH ENIEN I ÑG SUNL ¡ GHI



L0PC2 10 lEl

VEH ¡N SU]IL¡GH1

VEH ENTERTI¡G LUNAR PEilU}IBRA

VEF EI¡lERIT¡G LUÑAR UISRA

vgI Erylql¡NG luH¡n PeilulrBRÂ

V¿H . E¡1EB ¡ N6 -5UI{L ¡ GHT

VE.H Efrrf €i I.i¡G , LUt{aß PEilU}tBRr

VEH ENIËRING LUilA¡ UilERA

vEH ErrlÉ,RlN6 LUNAn PEt{uñeR¡

VEH EÑTER¡N6 SUNLI6HT

VEH EhIêRIi¡G LUÑAR PENUilBRÂ

VEH ENf êR ¡ ¡¡6 LUilAR UTSñA

L ¡ Gnr I NG C0ND I r l0t{ F0R vEtt ¡

AI PHASE ¡N¡f¡^TION

0lYS l{R5..IlrrtS
1l ñE SPEI{t ¡ r{ iEG l0N

DAYS HRS illt{S SECS.

ó ló e

S€C5

12.7

0 O 0 tl¡t

6 lá I 23.7

0 0 {5. !9rQ

ó lê. 50 22.e

a 16 50 33.7

ó lq 2 {3.8

0- 0. 0 r¡,0

0 I lz tQ¡t

0 0 0 l2¡7
ó le 2 5ô¡5

0 0 {5 5ó.2
ts
Itso

Urô ¡8 '18 52,7

ô lð {9 {¡ I

0 .0 0 tl¡3

0 I t2 t5.{.

0 0 Q ltr{

0 0 {ô lit

ê 20 ¡ le.9

a 20 ¡ 30.8

YEH EN'Lf,IT6 LU¡AI PENU}T6RA a 20 ta7 32 t7

C



Ç

LtGH?ING CO'{DIlION FOR YEH T

D¡VS HRS ri I ñ5 5ECS

YEH Et{1¿R I r,t6 SUNL l6H1 a 20 {t {1,5

VEH ENlåRIT¡G LUNAR PENUI{gR' 6 2t 59 59.5

VEH E¡¡flRlñG LU¡AR Uü3RA

r¡ñE SPENI IN R¿GION
D^Ys riRs ñ¡Ns sECs

YEx EilTgiIil6 LUNAR PEHUTTBRA

VEx ENIERtN6 SUNLIGHl

vEH tltrfLßtNc LUrrri PEtlulrBRÀ

VEX E¡1ER I il6 LUI{AR U}TBRA

VEH ¿NI¿R¡¡¡6 LU¡AR PENUI{8R¡

VEH EI{1¿RIùG SUNLIGHI

VEH EÑ1I,ñ I TG LUùAR PEilUIISf 
^

YEH ENTÊßIN6 LUNAR UilBNA

á22{6 8

a 22. {ó ¡2o0

a 2t 5e 2ó¡5

a 23 5n 37r{

6 22 0 ¡.!

, O {r 3t¡{

t 0 {{ {2.1

, I 5ô 5ó.2

t I 57 7.{

0 0 0 8.8

0 I 12 9¡0

0 0 o r0.B

0 0 {5 6915

I 0 0 ttr'3

0 ¡ 12 t{¡{

0 0 0 ll¡0

0 0 '15 !3¡9

0 0 0 t0.6

0 ¡ t2 t{.t

O ! 0 tl¡2

ts
I

oo



LtGHItNG C0ND¡lt0N tOR VElt I

0lYs HRs HtNS SECs
T IilE SPENT .¡N REGION

0AYS HRS ¡rlNS SECS

VEH €T¡1¿,i I i¡6 LUNAR PENUI'IBRA

VEH EI¿IËR I NG SUNL I GHf

vEx gl{ÍåR lt¡6 LUI¡aR PEr{uñBnÂ

VEH EilITRIN6 LUNAR Uil8ñA

vEh Ef{lLtlñ6 LUNAR PEt{uilBRr

JEH Eftl€i ¡ N6 SUNL I6HT

VE,H E¡{1LR¡NG LUNAR P€ilU}TBR^

vEH El,tTERlùC LutÍ¡R UirERA

TE¡ r0 El

VEx I I.¡ LUNAR U}lBRA

VEH ENIEñ I I{6 LUN¡R PENUII6RA

YEÍ EIITEiTT6 5Ui¡L¡6FT

7 2 '13 7,8

7 2 (3 t8.7

t 3 55 28¡5

, t 55 37.3

0 0 16

0 0 {å

0 0 0 t009

0 I 12 9.8

0 0 0 8¡8

.t

I o0

, .t {l 38.3

Aî PHASE INI1¡AfTOf.¡

DrYS HRS rr t NS

, ó 32

r ¡ ËE sP€Nf t r{ REG I or{
DAIS HRS HINS SECS

, I {t q9.7

, 5 5{ 1.3

t 5 54 l{.7

0 0 0 t¡.{

0 t t¡ t3..7

0 0 0 r¡.{

0 0 O 5¡3

sEcS

52¡{

, a 32 37oô

I

o

C



C
TABLE 1.I-Vl.- MlSSl0N SHAD0W TIMELINE - Conctuded

G) LM

ur'rBna/:_Ef\uübÈÂ cRilss rN:r_. rr,* r,:.
aEvtl. ul I 3;.,1s

2

D^Y HRS

- _5.__ Z?___ !g
5 2? ___6

P ENUM 3RA
DÂY HRS ¡tIN SEC

to 5 1

a2 L LAA

t t5 56.1.

| 2 25.4

Ut.8R A

l,llN sFc

? lq !.-
35.4

.-l{.EF '-" .åiê
i. 2'

.0 -q lé E.ç

t;4e?

H.
I

Ho
@-



LATERAL
D I STANCE,

N. MI.

80x10

60

40

20

-20

-40

-60

:80_ 2002040

0

l-¡
I
Ho\o

360 80 I00 120 140

LONGITUDINAL DISTANCE, N. MI.

Figure 1. 1-1. - H-1 hybrid mission profile.

ló0 180 200 220 x I0

-_\[ooNr\
REE-R URN

hp = 1,850 N. Ml.ll r-HYBRID TRANSFER
ÂV

t
= =65 FPS J
. T. (T) = 30.8788 -

f-H-) ennr/



i)

)

t

t,

fiilET]IütM]TW

)

U



)

AGS

AOS

APS

ar

CDH

CDR

CM

CMC

CMP

CSI
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D0I

DPS

DSKY

ECI
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EMS

EPO

FTP
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2,0 SYMBOLS AND NOMENCLATURE

abort guidance system

acquisition of signal

ascent propulsion system

cross-prod.uct steering gain constant

constant d.el-ta height

command"er

command modufe

commancl modul-e comPuter

command modul-e pilot

coeJ-liptic sequence initiation

command and service module,s

center of gravity

descent orbit insertion

descent propulsion sYstem

d.isplay keyboard

earth centered inertial

entry interface

entry monitor system

earth parking orbit

fixed throttle point

ground elapsed time

apogee altitude

perigee aftitudehp
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IGA

IMU

IVT

Jerk

L/D

LGC

LLM

LLS

LM

LMP

LOr

LOS

LPO

LOX

LV

MC

MCC

MCI

MGA

MNBY

}4SFC

lls¡r\r

OGA

OPS

PC

2-l+

inner gimbal angle

inertlat me&surement r¡nit

intravehicular tra¡¡sfer

tÍne cterivative of aceeleration

lift-to-drag ratio

LM guid.ance computer

hmar land.ing mission

lwtar l-and.ing si.te

lunar module

lunar modul-e pilot

lunar orbit insertion

loss of signal

lunar parking orbit

liquid o)qfgen

faunch vehicle

LM midcourse correction

mÍdcourse correction

moon centered. inertial

midtll-e ginbal angle

mean nearest Besselian year

Marshal-I Space F1Íght Center

Manned Space Flight Network

outer gÍmba1 angle

oxygen purge $ystem

pJ-ane change



PDI

PG}]CS

PTC

RDG

RCS

REFSMMAT

)-q

povered" descent initiation

primary guídance and navigation control subs¡rstem

passive therrnaf control-

position target for LM powered. descent

reaction control system

transforrnation matrix from the basic reference coordinate
system to the stable member (f¡¿U) coord.inate systen

rendezwous radar

target vector for Lambert guidance scheme

spacecraft

service propulsion system

time elapsed since TLI engine cutoff

transposition and- docking

transposition and" docking ancl extraction

transearth inJection

time at ignition

transl-unar injection

At from ignition time (tr*) to Larnbert target vector (nT)

terminal- phase fj-nafization

terminal phase initiation

very high frequency

change in velocity caused try thrusting

change in time

RR

RT

l)U

b-i-¡)

TB7

T&D

TD&E

TEI

t"IG

TLI

Tf

TPF

TPI

1ÆIF

AV

At

U



AV
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eomponents of velocity to be gaíned. in the local vertical
coordinate system

components of unit vector in inertial- coordinate
system

comirorrr-.nts of unit vector in vehicle stable member system

AV

X

Y

AV

xr

I)

zt

xstur

YI

is¡,t

Z
SM

U
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3.0 PRIMARY GUIDELINES AND CONSTRA]NTS

The design of the mission and. the monthly and daily launch windovs
were based. on the guid.elines and constraints listed. below. Since the
generation of the operational traJectory, there have been some changes
ln the profile and in mission guidelines. The guidel-ines are presented.
below, and the changes are includ-ed- in brackets

a. The primary lunar land.ing site is site J, and either site 5

or site 6 víl-l- be used for recycle.

b. Only one backup l-aunch month will be targeted.

c. Daylight'launch is highly desirable.

d. 1'he launch vindovs and profites will- be designed to achieve
favorabl-e lunar }Íghting at the funar landing sites. The sun elevation
range of 5o to l-l+o is highly d.esirable; a range of 1Bo to 20o is
acceptable.

e. A launch azimuth rarìge of T2o to lOBo will be targeted. Launch
may be d.elayed., if necessary, to provid.e 210-foot d"ish coverage of
lunar lan¿ing; ln this case, the opening launch azimuth woufd be greater
than T2o. [fo minimize ].4StrIV and. ARIA support requirements, the actual
operational lar:nch azimuth range for planning will be l-imiteð' to T2o

to 960. 1

f. The mission vil-f be designed for a Pacific transfunar injection.

g. Two TLI opportunities vill 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
tral ectory.

' i. The S-1VB vil1 perform an evasive maneuver prior to the bl-owdovn.

The bl-owdom vil,f be targeted to place the S-IVB on a sfingshot trajectory.

J. A hybrid. profile will- be used. vhere necessary to provide a
Pacific injection, optimum firnar lighting, 2J-Q-foot d-ish coverage of
lunar landing' or a preferred lunar ground.track.

k. The hybrid transfer maneuver vil-l be planned for TLÏ plus
2h hours. After the maneuver' the SC vil-} be on a non-free-return
trajectory vhich vil} be restricted such that, in the case of an SPS

fail_ure at LOI ignition, an earth return is within the DPS docked AV



3-lt

capabÍlity. [Beeause of the crew'work/rest cyc1e, the hybrid. transfer
mareuver tÍme has been changect to TLI pIuè 28 hours rather than TLI plus
2\ hours. [t¡ls change i.s not ref].ectedl in the operatlonal traJectory.]

I. ¡{n even integer number of dleys of fllght tine to the moon is
highly clesirable because of the cren r¡ork/reet cycle. lftfs gulðe ]-ine was
not satisfiect. ]

m. fhe LOI maneuver will be performecl Ín two stages ¡ the first
burn, LOI-I, will result in a 60- by,1"70-n. ni. elliptical orbit. Tt¡e
targeting for L0ï-2 r+Í11 be bÍased. to accow¡t for the perturbatíons
causetl by the lunar potential. Ihe biased targetíng results in a
noncÍreular orbÍt after L0f-2, ancl the perturbations circularize thís
orbit at the tine of the plannecl CÐH maneuver.

n. For missions lawrchetl in November, the spaceeraft will pass
over the l-unar landing site on the fourteenth revolution after L0I-1.
The time from LOI-I to DOI will be. approximately 26 hours. ftre eurrent
pr"ofile for the December wÍntlow Ínclucles 2l+ hours rather tltan 26 hours
from LOI-I- to DOI.

o. lhe lunar surface steytine nÍIl be approximately 32 hours.
The lunar orbit orientation wÍ11- be restrieted. to permlt an any-orbit
lift-off.

p. A CSM plane change will be nade 2.75 revolutions. after LM
lantiing to place the lancting sÍte in the orbital plane at time of LM
lift-off.

q. Afber LM Jettison, a plane change may be macle to gain photo-
graphic coverage of selecteil prime sÍtes for future landing missions.
The adttitional time spent in }:nar orbit for photographic obJectives
wiLJ- be restrictetl by SPS perforrnance, the mæcim¡ln missÍon cluration of
10.J d.ays, ánd by the capabiJ-ity to return from any revolution after a
cryogenics tank failure.

r. The lunar orbit rri1l be designecl vithin the SPS capability to
return to earth from any orbit Íncluding the cryogenic tank faílure
situation

s. Íhe ÍEI maneuver will be targeted to return as soon as possible
to the prime reeovery area vlthÍn the avaÍIable AV capability anit without
exceeding a return inclination of hOo.

t. ftre earbh relatlve entry range target vil1 be 1281 n. nÍ.
[The range has recentLy been recluÇed to 1250 n. n1.]
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\.0 MISSTON SUMMARY

fn this section, a mission profile is summarized for a mission
launched November l\, t969. The burn times, predictions of propellents
used", and. most missÍon phase times that are presented are t¡4pical- of the
l-unar land.ing missions planned. for the November and Deeember launch
wind"ows. Major events, spacecraft performa.nce characteristics, and
significant trajectory paraneters are described. in d.etail for each phase.

In the d.esign of the spacecraft operational- mission, the LV nission
phases were simulated. ind.epend"ently of the exact LV operational trajectory.
The traJectory data presented. here for the LV mission phases were simulated
with d.ata received. from the MSFC for the Apollo 1l- mission. No attempt
vas maile to d.uplicate exactly the LV operational- mission, and the infor-
mation for the LV phases vill d.iffer from information that will be
presented. in the official IIISFC traJectory d.ocument.
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)+.f Earth Launcha

The launch time for this mission was d.eterrnined to provide an
optl-mized, injected. payload to support two injection opportunities. The
Iaunch is summarízed as fol_l-ows.

Date, month, day, year . . November LL+, 1969

Time, hr:min, e.s.t. IO:ZZ

Azimuth,deg.. . -TZ

Location (Cape Kennedy, conplex 39A)

Geodetic latitude, deg:min:sec . . ZBo:36':30.32t'

Longitud.e, deg:min: sec 2T9o z23t z)+5.I2,,

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

q--The parameters for this phase are approximate and are presented
for information only. The official- source for this phase is the MSFC LV
operationat trajectory (ref. l-).
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\.2 Earth Parking Orbita (npO)

The EPO insertion conditions are as fol-l-ovs.

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

Geodetic latitude, deg

Longitud.e, deg

Al-titude , n. mi . .

00:l-l-:13.2

32.7

-52.5

103. )+

Inclination , d.eg. 32.6

The insertion ship positioned. at 2BoN latitud.e and )+9oW longitude
tracks the vehicl-e for approximately 3 minutes after insertion for a
minimum elevation angle of 50.

The LV maintains l-ocal horizontal- attitud.e throughout the EPO phase
except for an inertial- hol-d of approximately 10 seconds immediately after
EPO insertion, The total- time spent in EpO i" eh35mZBs. The EpO
ground.track from insertion through transl-unar injection is shovn in
figure't+.2-t.

a__-The parameters for this phase are approximate and- are presented
for information on1y. The official source for this phase is the MSFC AV
operational traJectory (ref. l).
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l+.3 Translunar rnJectiona (rlr)

The TLf burn is inítiated. near the equator on the second revolution
in earth orbit, and the burn is total-ly in sunlight. Three ÂRIA 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
MSFTII coverage d.uring the preignition sequence or the majority of the
burn. Havaií acquires Just prior to burn cutoff. The TLï burn geometry
is shoun in figure l+.:-f .

The TLI burn places the spacecraft on a free-return trajectory with
a high perilune al-titude (-fg¡O n. mi.). The evasive maneuver after
CSM/LM ejection is mad.e with the S-IUB 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 l-l- mission. The characteristics
of the TLT burn are as follovs.

Burn initiation

Time, hr:min:sec, g.e.t.
Geod"etic latitude, deg
Longitud"e, deg
Velocity, fps
Apogee aftitude above mean railj-us
Perigee altitude, n. mi. .

n. m]. .

Z:)+T:21.7
4. J

-rT 6.6
2' 587
107.g
oAÁ
/v. v

2t 52t\3,7
t-). b

-r5r.2
35 \76

?2)
:-56 r29.

2.7
>(. (

237 000
r09. T

Burn cutoff

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

Geodetic latitude, deg
Longitude, deg
Velocity, fps
Burn duration, sec
S-IVB propellant used, lb .

Plane change, deg . .

Incl-ination to earth-moon plane, deg
Apogee altitude above mean rad.ius, n. mi.
Perigee altitude above mean radius, n. mi

o
fohu pu."r*eters for this phase are approximate and- are presented

for inforrnation only. The official source for this phase is the MSFC AV

operational traJectory (ref. 1).
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TLI burn initiation
Altitude = 98.4 n. mi.
VelocitY = 15 590 fPs

Longitude = L72.2"
Latitude = -5.4 Posítion of moon

at lunar orbit insertion

TLI burnout
Altitude = 183 n. mi.
Vef ocity = 35 476 fPs

Longitude = 'L55.2"
Latitude -- L5.6"

I
P
o\

Position of moon

at TLI cutoff

Position of sun
at TLI cutoff

Figure 4.3'L.- TLI geometry.
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Ii.1+ Free-return Circumlunar Trajectory

The free-return trajectory of the hybrid profile, shown in
figure l.l--1, is plotted in an inertial reference frame anchore<1 at
the time of perilune. The characteristics of the trajectory are the
following.

Peril-r¡ne

Time , hr:min: sec , g. e.t.
Altitude above LLS, n. mi.
Selenographic latitude, deg .

Selenographic longitud.e, d.eg

Return vacuum perigee altitudeo n. mí.

Transit time from TLI

Burnout to entry interface, hr:rnin:sec

Earth entry interface

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

Altitud.e, n. mi. .

Geodetic l-atitude, deg
Longitud.e, deg
f nclination, cleg

Touchd.orr¡n

Timeo hr:min:sec, g.e.t.
Geodetic l-atitud.e, deg
Longitud.e, deg
Time prior to sunset, hr:min

B3:zj r IO.B
1851.7

-2,6
-IT7.T

20

16o:38 :t\,2

t63:30:rT.

-9L.
Ib.

t-63 : )+5: oo
B; )+

-7L'2
10: 3i+

65.
D

9
B
)+

9
E)

o
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l+. ¡ Post-Translwrar InJ ection Events

The summary of the maJor events from TLf cutoff through S-IVB LOX
bl-owdovn is given in table l+.t-f . To deterrnine the separation attitud.e
manetì.ver (rg? pruss 900 sec), the sun was constrained to betrreen 32o
and. 90o of the LV +X-axis. This constraint provid.es over-the-should.er
lighting and. avoid.s any csM shad.ow on the s-rvB for the d.ocking phase.

Upon ground. command., the S-IlfB perforrns an APS evasive maneuver
approximately 12 minutes after csM/LM separation. The S-rVB attitud.e
for this maneuver vill- be the same as the separation attitud.e except that
the sÍgn of the rnid.d.le gimbal angle (yav gimbal) wilt be reversed.. The
APS burn wil-l be 10 fps.

The S-IVB perforrns a LOX d.ump 21 minutes 20 second-s after the APS
evasive m&neuver. The l-ocal horízontal attitud.e for this dump is pitch
191o , yaw 0o , ro11 1800.

The LOX d"ump maneuver is d.esigned" to reduce the probability of SC
recontact vith the S-IVB and al-so to prevent S-TVB impact with the earth
or moon. Nominally, the LOX d.urnp maneuver results in a sfingshot trajec-
tory; the s-rvB vill pass behind the trail-ing ed.ge of the moon and" wil-l
be accelerated. by the l-unar gravitational- fie1d. The result is a
hel-iocentric orbit which avoid.s both earth and lunar impact

The relative motion betr.reen the S-IVB and. SC for this post-T, D,
and E phase is shovn in figure L.5-f.

o
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TABLE I+ . 

'-T. 
- SI.JMMARY OF EVENTS FROM TLI

CUTOFF TIIROUGH LOX DUMP

Time from TBT
hr :min: sec

Event
AV'
fps Cornments

0:00:00

0: 00: 20

0:15:00

0:20: 00

0:25:00

O:25:35

O:25:[0

0: 27 : )+0

0: 29: l+O

0:32:l-0

O:322l-5

l-:20:00

l-: 32:00

L:53:20

Hold. cutoff attitud.e

Command and hoLd. local
hori zontal

Initiate maneuver to
separation attitud.e

Freeze separation attitude
inertially

Begin SC separation/SlA
J ett ison

Nul-l 0.3 fps separation
rate

Pitch tSOo (SC)

Null pitch
Start rol-l- 600

Null 0.5 fps separation
rate and initiate I fps
closing rate

Nul-l- 1 fps closing rate

Begin dock

LM/CS¡4 undock fron S-IVB

S-IVB APS

S-TVB LOX

0.8

3

L.5

L

r.2

IO

Latest tine for
maneuver to be
completed

-X RCS

),.5 /ð,ee/ sec

.) deg/sec

+X RCS

-X RCS

Spring ejection
and, 3 sec -X RCS

Start TB8

Local horizonùaL
attitud.e
pitch = 19fo
yav = Oo

rolf = 1B0o

.\
I

)

o
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I+.6 Translúinar Coast

A gruunci.track of the translunar coast phase is shown in figure l+.6-f.
Time histories of al-titude and. true anomaly for the first 10 hours of
transl-urrar coast are provided. in figures \.6-Z an¿ \.6=3.

After TLI, the spacecraft is on a free-return circuml-unar traJectory
with a perilune al-titud.e of LB51.T n. mi. At TLI plus 2l+ hoursa, a
transfer maneuver is performed. vhich resul-ts in a non-free-return trans-
lu¡rar traJectory with a 60-n. mi. perilune al-titude. The transfer
traJectory is restricted such that, in the event that an SPS maneuver
coufd not be mad-e, an earth return would. be possible vithin the DPS
d,ocked. AV capabílity. It is assumed that the LM maneuver could be mad.e
at a minimum of 2'hours after perilune. The target load" for this maneuver
is presented. in table l+.6-f .

The transfer maneuver is GNCS control-led, and externaf AV guid.ance
and the PTC REFSIiß4AT are used. The characteristics of the burn are
the following.

aTime*, hr:min:sec, g.e.t.
Geodeti c al-titud.e ,. n. mi .

AV, fps

Burn time, sec

SPS propellant used, lb
Pl-ane change, deg

26:52: l+3. 7

106 897.0

63.8

9-3
607.2

nov./

Passive therrnal- controf attitud.e will- be maintained. d.uring most of
the translunar coast phase. The PTC REFSMMAT is given Ín table 5-II.

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

TLf plus t hours (UcC-f)

TLI pÌus 2l+ hoursa (uCC-e) (tfre transfer maneuver)

LOI minus 22 hours (uCC-S)

LOI minus 5 hours (¡lcC-l+)

^."Because of the crev restfwork recycle, the transfer maneuver tjrne
has been changed to TLI plus 28 hours.

&

b

d
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The midcourse correctj-on stratery has been defined and documented
through the Apollo Data Priority Coordination Office (ref. 2). The
maneuvers are GNCS eontrolled., and. erternal AV guid.ance is used. Unl-ess
gimbal lock probl-ems occur, the pad. IMU al-i-nement (nn¡'S¡,nmf) will be
used for the MCC-I-, the PTC REFSIIMAT (ta¡te 5-II) will be used for MCC-2

and MCC-3, and the descent REFSMMAT vil1 be used for MCC-I+. The afine-
ment criteria are presented. in section 5.0.

The SC enters the lunar umbra approximately l+0 minutes prior to
LOf-l ignition and. stays in shadow for 32 minutes. There is contÍnual
MStrlV coverage frôm TLI cutoff until- lunar occultation.

The d.uration of the transl-unar coast phase is 8O hours 36 minutes.
Note that this d.uration violates the highly desirable gror:nd rule of an
even integer number of d.ays for transfunar flight to provide a m.ore
favorabl-e crev work/rest cycle. However, a thorough review of mission
d,esign scans indicated that no even-integer day vas possibl-e wíthout
violation of other mandatory ground rules.

Geodetic altitude from translunar inJection to L0J-1 is shovn in
figure \.6-l+. Al-titude above the l-unar surface d.uring the last 10 hours
of transl-unar coast is shor+n in figure \.6-5.

o
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TABLE )+.6-T.- TABGET LOAD FoR NoN.FREE-RETURN MANEUVER

IPropulsion system: SPS; guidance: external AV]

(a,) Target

tIG, ht :min: sec ,

aVr, fps

AVy, fps

aVr, fps .

Weight, lb

IMA, deg

MGA, d.eg

OGA, deg

(¡) REFSMMAT

Refer to tabi-e 5-II

(") Gimbal- angles at t

26:52: \S.7

_23.'

-l-8.0

56.5

96 
'97 

.6

2I.2

-28.2

-169.\
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h.t Lunar Orbit Insertion (lOf-f)

The LOI-I- maneuver is d,esigned to insert the CSM into approximately
a 6O- by l?O-n. mi. lunar parking orbit (lpO). The l-unar orbit insertion
geometry is shown in figurel*.7-f, and. the lunar orbit groundtrack from
LOI-I to LM landing is shown in figure \.7-2. A time history of traJec-
tory parameters during the burn is presented" in figure \.1-:. The burn
was simul-ated. with external- ÂV guid.ance. A description of the burn is
as fol-lows.

L0ï-1 burn initiation

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

Mass, 1b
Altitud.e above LLS, n. mi.
Selenographic latitud.e, d"eg .
Selenographic longitud.e, d.eg

Velocity, fps
Perilune al-titud.e above LLS, n
Selenographic incl-ination, deg

m1

LOI-I- burnout - start LPO

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

Altitud.e above LLS, n. mi.
Selenographic latitude, d.eg . .

Selenographic longítud.e, deg
Velocity, fps
Selenographic incl-ination, deg
Burn d.uration, sec
Inertial- burn arc, deg
Plane change, deg . .

ÂV, fps
SPS propeflant used, Ib
Orbit period, hr:min:sec
Peril-r¡ne al-titud.e above LLS, n. mi.
Apohlne altitud.e above LLS, n. mi.

28B3
g't+

l+7.
qo

Qtr

6.

tr

q

3

l+

5

9
0

: I+7.

59.
-l_.

r5r.

J4B3

f I l.
8t62.

qo
r cQL)9.

5l+Bl+.
161+.

360:

^2890.
23 

'LI2: OB: 39.
,9.

f70.

T
7
l-
J
3

T
¿

3

7
l+

E)
T
I

23

e
The LOI-I burn parameters l¡ere computed without simulation of the

SPS thrust build.up a¡d- tailoff. Howevero the effect of these is reflected
in the burn parameters presented. in the simu-lation data package (ref. 3).

The REtrSMlt{AT used for the L0I-1 burn as welf as for the LOÏ-2 burn is
the funar landing site al-inement at the nominaf l-unar landing time.

The target foad for the LOI-I- burn is given in table \.7-f. More
d.etaited infor:nation about the burn, including reset points, navigation
upd.ates, anil ignition ginbal angles, is given in reference 3.

br
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TABLE l*.7-r.- TARGET LOAD FOR LOr_l MANEIJVER

IPropulsion system, SpS; guÍdance: externaJ- AV]

(") Target

t16, hr:min:sec, g.e.t.

avr, fPs

AVr, fps .

AV,, fps .

ÌrieÍght, Ib

(¡) REFSM¡4AT

Refer to table 5-III

(" ) Ginbal angJ-es at t IG

fGA, d.eg . .

MGA, d.eg

QGA, deg . .

83:eB t\7.j

-2BT5.T

6\I+.2

-106.7

9)+ 595.\

-oo q

18.9

3.7

o

t¡
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Apolune altitude =
170.1 n. mi .

Position of earth
at LOt-I
Longitude = 4.6"

Aoproach hyperbola

L0l-1 cutoff
Altitude = 59.8 n: mi.
VelocitY = 5484 fPs
Longitude = I55"
Latitude = -1 .1o
Plane change -- 6.7"
Burn arc = 23 .3"

Perilune altitude =
59 .7 n. mi.

L0l-1 burn initiation
Altitude = 85.3 n. mi .
VelocitY = 8162 fPs
Longitude = L77 .4
Latitude = 6.5o

I

o

Position of sun
at L0l-1
Longitude = 75.2"

Figure 4.7-1 .- L0l-1 geometry.
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Frgure 4.7-2.- Lunar orbit groundtracks from LOl-1 to LM landing.
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l+.B Lunar Orbit Circufarization (lOr-z)

The LOI-2 maneuver occurs after two revofutions in the 6O- ly
170-n. mí" orbit. The targeting is biased to place the spaceeraft in
a noncircufar orbit. The orbit is d.esigned such that the pred.icted.
perturbations caused by the lunar potential wíII grad.ually circularize
ine or¡it at -60 n. mi. by the time of the CDH maneuver (approximately
60.5 nr after LOr-1) . Thâ initial orbit is 5l+.1 by 6r,9 n, mi. with
perilune located at a sel-enographic longitud.e of TZoE. These altitudes
are rel-ative to the l-and"ing site rad.ius

For the LOI-2 burn, the landing REFSMMAT (ta¡te 5-III) is used,
and. the CSM is oriented. heads down. The burn is initiated near perilune
of the second revolution in the 6O- ly 1?0-n. mi. orbit. The target
loar1 for the LOI-I marleuver is presented- in tabl-e \.8-f . The
characteristics of the burn are the foJ-Iowing.

L0I-2 burn initiation

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

Mass, Ib.
Al-titud.e above LLS, n. mi.
Selenographic latitude, deg .

Selenographic longitud.e, deg
Velocity, fþs
Perilune altitud.e above LLS, n. ni.
Apolune altitude above LLS, n. mi.

L0I-2 burnout

Time, hr:min:sec, g.e.t.
Altitud.e above LLS, n. mi.
Selenographic latitud.e, deg .

Selenographic longitude, deg
Velocity, fÞs
Selenographic incl-inationr deg
Burn d.uration, sec
Inertial bur:n arc, deg
Pl-ane change, deg . .

AV, fps
SPS propel-lant used' lb
Orbit period, hr:mÍn:sec
Perilune al-titud.e above LLS, n. mi.
Apolune al-titud.e above LLS' n. ni.

BT: )+T :t6.7
71 o5o.

6r.3
2,14

166.0
5)+76.3

59.6
r70.2

87: irT:5l+.
6t.

2.
úr.

5338.
Ib4.
18.

L69.
1179.

l- : 58: l+3.

5l+ '
6r.

0
0

I
¿

l_

l-
7
T
t_

9
U

3
9
3
I
9

@
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TABLE \.8-T.- TARGET LOAD FOR LOT.-z MANEuvER

lPropulsion system: SPS; guidance: externa]. AV]

(a) Target

tr
AV

^VZ, 
fþs

hieight, Ib

IGA, deg

MGA, deg

OGA, deg

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

I' fPs

y' fPs

BT:\T ß6.7

-13T.6

0

-98.6

Tr 050.3

-r28.6
_0.3

-0.3

VA

(¡) REFSMMAT

Refer to table 5-ffÏ

(c) Gimbal angles .t tIG

o

o



lt

I

")

e

t

¡r
o



)r tr2

t+.9 CSM/LM Coast fiom LOI-} to Undock

The actj-víties in lunar orbit prior to undock includ,e a l-unar lanc1-
mark sighting during rev l+, a LIr{ housekeeping period, a Ç-hour rest
period, the LM checkout, and a landmark sighting on the landing site
Iandmark. The fol-fowing is a sunmary of the major activities in fu¡ar
orbit prior to und.ock.

Activity Revolution
number

Time, hr:minr g.e.t

LOï-l_

LOT-2

IVT to LM for housekeeping
activities

Landnark track

fnertial- attitud.e

I\[I to CSM

Begin P-hr rest period.

End. rest 'period.

IVT to LM for LM checkout

Landing site ]andmark track

Undock

Beginning of 1

Beginning of 3

3

l+

l+

)+

q

9

l-1

12

t_3

83:29

87: I}B

89: 3o

90:20

90: h0

91:10

)2230

101-:30

f 
^?. 

trr

106:30

tOB :01

o
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l+.rO CSM/IM Undock to Landing

' ' The period: fron undock to lanaíng (touchdor,m) includes the following
maheuvers: csM/LM undock, csM. sepå.r?t|9", deseent orbit insertion (¡or)',
:.",1 ll: powered. descent [fi.g, )+.fO-f(a)]. The undocking occurs duringthe thirteenth orþit. Approxinately 30 rninutes fater, ifr" csl¿ perforrns
? sepplatlôn maneuver.i irne-¡rarr o"iit "rt;; ;"p;;;;;å",*'inJ'boi-;;;;;;.,^is performed to'pl,aee the LM 'n alHohmann trans-ier orl:.i to carry it from'!tre,,neá1 þo-n,. mi..i ci.rcurar pi*r.id-;;i; ;;-;"i;; ;r;i;"å; ;i ;ó õóo-iãär.
The'þowijr6d."descent rnáneuverris'initiatea nêàr the 50 ooo-i"ot ,perituneof thè descent tranéfer orbitr The ;";;;.á descent maneuver irie.-[;ïó-r(u) i consists' of' three operational phaàes:. ¡ratins,ì;; Jiri"i"rr"y,
approach,'' for crew vrs'l¡iiitt;-;ã-rilãi"ã; 

-for 
takeôver of *ã""åï äånt"orto landing on the runar sr¡rfàce. The trahsitión- from brakine to

?pe1?1ch Þlrage is'ternå¿, hfgh gåte, and the-t'J"iii;;";;;;"åpproach to
fa^nd11e phase is terrned fow-Saie. 

-

The:'lunar ground.tragks'for the spacecraft are incl-ud.ed infÍgure l+;ro;2. The track of the r,¡t rrom undockine t; t;;ãlne with thelocatfon of the maJgr eveltg are shor,¡n in rig"r;t [.iõ-e(") , t-n" same track' is shôwn in figure l+.ro-e(b) ror thþ cSM. rte w track aurinÀ ur" p."à"ãä
descent, is' shoñn in rigure t*.ro-eiãi t urå rãåáti.""-;;'r;;";; descent'ínitiátion (p¡r ) o high-gar" , u"a-iåiårr¿ *¿-t"¿i"ãtåã. 

-ïnî isu t"u."rduring poyered d"escent is shown i; ¡iC;" l-.ro:ã[ãi.-; 
"*niu.ry or the LM

d'eécent events includ.ing.ietate¿ d.ata-d.uring ,the d.escent is shown in
tabl-e h.ro-r. Lunar moãule weight data useã are provi¿e¿-in-fa;i"-t.10-rr;
engine_ perforrnancê data are gÍven iir tg¡te l+;fO-tif. Dataifor both of
theSe ¡tables were'takgn from-references 1+ and 5, respectÍ,vely. ff." USnl
tracking;'qurruB,ary iå gÍven in table t+.tO.fv.--- " 'r--- --

i.l r ' , .1,.. ':.

Tl*u histories' of LM attitud.e, veloclty,'and. flight-path angle fromqn$fcking to l,.anding s;re-shown in iigure [,ié-s;'r;j;;'-;"ã;i" ."ã-ãr="-""1ndÍcated, ' iime- his'to'riqç Qf the rUICs¡l rerative'päi.r"teis-t;-"r."""-
vehf bie-tó-vebiërle reratiórrji,ip" 

-a"ria[, 
¡i"-i¡¡ descent ."" 

"L¿.]n-ïi"figuré l¡. ro-l+: Ttie pàraneters' srronn¡-¿i" il¿:ðs¡¡ìi;"aitã¡.uiËì" , phase
angle, r'ange, aniL l,*e" rate vith the major ãturrts ind.icatedl ri*":''hÍstorfeÊ"òf th.q thrqe body relatÍonship'S'(i.e., CSM-LM-sun and CSM_LM::eàith)"aíe :strown 

1n qigur;" t.iõ,il-=il-;"iliã''"ãiäri;;;;inï"tween the
csM and. the srln as vÍeved from:the LM i-s ,ño*r, in figure r+.io-:(a), .rrá
the relationship betveen the CSìl' an¿ tir'ã ;;;i; is 

"rrã*t i" ;ió;"'ü.iö-lt¡1.
The'LM-cslt rangé rate versìrs range from undocking to ]andins iilir ti;; 

-'"'-
ticks every 20 minutes is shown in figure l+.10-6(a). ¡n 

"rri"rgurunt of
,. the,se dat3 frorn DOf to..!Dr is phovn in figu¡e \;10-6(¡). rrre il¿_csl¿:"'trê¡ative'inotion 1s s'hown in tr¿o fÍgures. Separation'through Dõï I"""r,o*rt

in'rfgule )+.^to-7r &d oot-ihrough lowered deåcent to landiãÀ i" shom infÍgrire li.fo-8.
1,.'.,i :,j. 1 ., '., -.'..,i .. :'

I

hF
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More details of each maneuver from undocking to lantling are given
in the followÍng subseetions.

\.fO:1 CSM/LM -un,gock ra¡r_cl se!g,ra.tÍ,og.- During the thirteenth orbj 1,

and 2.l hours prior to lan<ling, the LM a¡¡tl CsM,.r¡ndock in preparatfon for
d.escent. One-half hour afber r¡ntlocklng (one revolution prior to PDI),
the CSM perfor:ns a manua], maneuver of 2,5 fps dfrectecl ratlially downward
toward the center of the moon. TL¡is naneuver provides an inêrease ín
LM-CSM separation d.istance fron the hO-foot stationkeeping poeition tò
10 571 feet (1.? n. mi.) at DOI, as shown previously in figure.l+.10-7.
The target l.oatl for the separatlon na,neuver is glven fn table l+.fO-V.

l+.fO-e Descent orbit insertion (¡Of ).- Ihe DOf mar¡euver occurs
one-half revol-ution after separatlòn a¡¡cl one-half revolutfon prlor to
PDI. Ttrís na¡¡euver places the LM in a 6O-n. mi. bl¡ 50 000-foot altitude
orbit with perilune located to the east of the tanding sÍte longitude by
a central angle of approxlmately LJo. ftre DOI lncludes a two=¡etr'
7.5-seeond. u1lage fol-l-or¡ed by a 28:2-seeond retrograde burn. During the
first 15 seconds of the burn, the DPS manual throttl-e is set to the
minimrun posÍtion. After thls,l.5-second trin period, the throttle is
increased. nanually to h0 percent for the remainder of the burn. The target
load. for the maneuver is shom in table l+.fO-Vf. Tir¿e hÍstories of the
engine gírnbal angles, platform ginbal angles, and FDAI angles durÍng t.hr'
DOI burn are shor¡n in figures \.fO-9 through \.fO-ff

l+.10-3 Powered d.escent.- The powered desceni maneuver (pof) which
consists of braking phase, approach phase, and J-anding phase
f(¡) ] is Ínitiated at perilune of the descent transfer orbit

lris. \.1-o-
(¡o ooo rt).

The ulIage maneuver and DPS engÍne ginbal angle trim period.s are performed
at the constant inertlal attitud.e required by FGNCS guidance at DFS
ignition. The braking phase is designect for efficient reductio4 of'orbi-
taf velocity qr-¡d, therefore, uses maximr¡¡u ithrust from the DPS for nost of
the phase; howåver, the DPS ís throttled during the final 2 minutes of
this pþase for guidance control. The spaeecraft is in a winclows-up
attitud.e so that the land.ing radar can be usecl. Ttre braking phase guid.ance
is based on quadratíc acqelgration eguatlons. Ttre targets for this phase
are listed. in table L.l-O-\rjf . Howeyerr these.targets are not actually
achieved because tþe guidance automatic,a,fly svitches when tine to go (to
achieve targets) beeornes less tha¡¡ 62 .seeonds from braking phase targets
to approach phase targets.

The approach phase, which begins at appfo¡cimately a 7000-foot altitude
(nigfi gate), provid.es for pflot visual rnonitofing of the approach to th'e
l-unar surface. Ttrat is, the guida^nce is tar,geted to provide spacecraft
attitudes r.¡hich pe:mit crew visibility of the landing area through the
forward. wind.ow throughout this phase. It¡e same quadratic acceleration .

guidance lav used in the braking phase ls also used here. fhe targets for
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the approach pha,se are listed in t;abJ-e l+.fO-Vff . Note that the altitucle
target is approximately l-10 feet. Hor^rever, the approach phase Ís opera-
tionally considered to be terminated. at an altitude of 500 feet (1or,r ¡¡ate)
where the landing phase begins. The landing phase is desilgrìed to provide
continued. visual &ssessment of the landing site and" to provid.e compati-
bility for pilot takeover fron the automatic controf. There is no change
in guidance law or: targets at this point because the approach phase targets
have been selected to satisfy these ad,d.itional cons,traints. Under auto-
matic guidance, a vertical- descent is initiated when time to go becomes
l-ess than 12 seconds. The vertícal descent portion of the landing phase
starts at an altitude of 150 feet and terminates at land"ing on the lunar
surface. The guid.ance is a velocity error nuÌling routine. Normally'
a 3-fps rate of descent is used throughout the vertical clescent. The
target cond.itions for the vertical descent portion of the landing phase
are incl-ud.ed in table h.fO-Vff .

Time histories of the LM trajectory parameters along vith related
d.ata are shown in figure )+.:-O-fe. Each of the plots show major events;
DPS throttle recovery, high gateo 1ov gate, start of verticaf descent,
and land.ing are indicated. Altitude, vefocity,_ and flight-path angle
are provid.ed in figure \.fO-fe(a). Tkre angle to the landing site as
measured. along a vertical grid" on the commanderrs vindow [termed land-ing
point d.esignator (lpl)] is shown in figure )+.10-f2(b). The boundary of
the lover vindow lirnit is afso shown. The LM thrust vector pitch profile
is shovn in figure i+.fO-fe(c). The guidance conmand.ed thrust and the
actual thrust d.el-ivered by the DPS are shown in figure \.fO-fZ(¿). The

instantaneous veight of the LM as well as the DPS oxid.izer and fuel used
d"uring the descent are provided in figure )+.fO-fZ(e), vhile the guidance
computed time-to-go during the descent is ind.icated in figure )+.fO-fZ(f)"
The figure al-so shows the target switch at high gate. Altitud.e rate is
shovn in figure )+.fO-fZ(e). The d.ifference betveen the landing radar
measured and. PGNCS-navigated. al-titud.es is provÍded in figure )+.fO-fZ(n).
This difference is indicative of the terrain profile being sensed by the
land.ing rad"ar.

Time histories of engíne gimbal angJ-es, platfonn ginrbal angles,
FDAf angles o S-band. antenna elevation and azimuth angles, and rendezvous
rad.ar elevation and azimuth angles, are shovn in figure \.fO-f:. Also
included is an S-band. antenna gimbal angle profile that shovs areas of
vehicle blockage.

The LM altitud.e/Tange profile is shom in figure )+.fO-fl+(a). LM

altitude is referenced to the landing site radius vith the mean lunar
rad.ius designated. as well as DPS throttle recovery' high gate, and fow
gate. The terrain altitud.e referenced to the landing site radius with a

l-pover to \O-power magnification of the terrain elevation is found in
figure h.fO-f\(¡). The al-titud.e/al-titud.e rate profile for the d"escent

is given Ín figure l+.10-l-5.
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The time histories of LM/CSM relative parameters, phase angle n

el-evation angle, range and" range rate from PDf to landing are shown
in figure l+.fO-f6.

The LM al-titud.e/range profile and a tabulation of pertinent trajec-
tory parameter's durÍng the approaeh phase are shown in figure l+.fO-f7.
The al-titud.e/range and. al-titude/altitude rate profiles for the landing
are shown in figure l+.fO-fB. A tabulation of pertinent trajectory par¿ìm-
eters is also provi.ded in this figure.

o

ê
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ÎABLE \.IO-I.- .SU}û.4ARY 
OF I,M DESCE}flT EVENTS

1) a ;

)+.8

r-1 l+96.5

2 >\t "3

I t68.0

r87.2.

!.8

508.I'

+
L
o\
ts

P:ipellani
úed - lb

fnitia].
reight ,

lb

436'too.8

33 6\7.7

33 6L2.g

33 5\7.5

3-? 360.9

33 356.1 
,

33 239.0

2L 725.r

19 L69.6

yl 502.8

16 99o.,

16 ,67.r

lotal
Âv fps

'."2

-iF

1.3

L9.2

"?3.3

l4.o

106.lr

!a!1¡.?

5l¡6r,6

6335.0,r

66r>.5

6852.8

68j2.8

Àv,
lps

r.3

r7 .9

>c .a

3r.8

l+r38.3

:1216.9 .

B?3.4

280 .5

236.3

burn
'ttue ,
I SeC

7.5

15 .0

!5.¿ ,

7.5

26.A

352.4

r30.0

1fl+ .0"

50

)¡L .2

Ul1age
tine,
. seq

7.5

Propu]-sion
syst@

108:2?:49

to8:UO:)+1
a

108:1+0:12* -

108:59:38

$,1 RCS

LO9:26:2o

IO9:26t?7
:.,-.

lO9:26:31
;

109:26:{2

l.09,26.\2 
.

,:

\O9:26:56 ':'

109: ll6: 2lr

I¡.I RCS

Ll'{ DPS

- ':-

LM DPS

1lO :23 : 19

\La23tà6

LlA|23,12

IIA,27 t52

ll0 :29: !ì¡

ll0:30r12

IL0:3ì :.51+

110 : 3r;56

f.¡,1 RCS

I].I DPS

ilI DPS

i,¡4 DPS

w ops

Ll"l DPS

IM DPS

IJ.{ DPS

ilo:33 :48

lLo :31+ :30

LÙ1 DPS

I¡{ DPS

110:31+ i38

IiA | 35 122

LTI, DPS

U,1 DPS

Tine,:
b¡:mia: sqb ,

s.e,t.:
Event

CS,{ SEP

Entei lunu pen@bra

Enter lunù ubra

MSFN LOS

DOI

UIIage

DPS T2I

Enter lunt penubra

Elter su.].ight

ÐPS ]l0ø

DPS shutdom

MSFN AOS

Po{e¡ed descent

UIlage

PDI !¡in

FTP
..

Begiû LR a.ltitude upd.ate

DPS th¡ottle recovery

Begin LR vel-ocity upda'ùe

High gate

Acquire tanding site
visibility

Lov gate

Lose landing site
úi s ibi.l-ity

Vertical descent

Touch¿Iom

MSFN
track

LM
l-ightine

aCSi'i çeight at separaiion

u9.9
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TAtsLll )r.10-II.- LM DESCIINT I,úliIGllT

Total weight of ascent stage, Ìb

Inert weights, consumables, and
unusabfe DPS propell-ant, 1b

Tanked DPS propellant, lb

Total weight of descent stage, }b

Weight of crew and equipment, lb .

Total LM weighb at undock, lb

ro )+93 .6

)+ T7o.r

L7 96+.0

22 T3l+.L

l+¡6. o

T 6æ.7

TABLE )+.TO-TTT.- LM DESCENT ENGTNE PERFORMANCE SUMMARY

aThrottle region.
bFi"ud throttle setting.

o

e

Propr.rlsion
system

I tsp
sec

Thrust per
engine, l-bf

Perc ent
rel.ative
throt t fe

Flow-rate
per engine,

Lb/sec

DPSA

DPS
b

RCS

286.3 Lo 303.7

30)+ .6

2Br .0

L267 to 6615

9BÐ+

Bg.6

12 to 63

93.5

)+.)+ to ef .B

J¿.¿

o.357
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TABLE I+.IO-IV.- IùSFN TRACKIIJG SUMMARY F'!R LI,{ DESCENT

+-
I
o\
\)¡

Terlrination

Range,
n. n1

2aL ì oo

2A)1 19|q

202 022

202 3\6
2.O2 '15'

20t+ 263

28 \52

zo'L 336

203 5\6
2Al+ 223

20)+ l+20

Azimuth,

'70 7

lc.o
131+.1

-11+1" . r

-130 . C

-7l!6.6
_o'7 7

-ror.,
-93.o

-103.2
otq

-89. B

L¡.ni ¡. ca¡

108: 59 :0C

106 : .r9: OIr

i08: i9: Ì9
108: 59: 3l
IaB : 59 :32

108:59 :31+

108: 59:36

108:59 :36

108:19:37
fO3 : 59:38

106: 59 :08

b

b

b

i

'c

'a

i'
b

b

r09:58: l+O

Ac qr-ri s ition

Rarrge,
n. mi.

20\ rl3
203 7D7

2C3 7t'
2A? lI,)
2c3 625

2ct 389

2.,2 i12
,ô? )l )

204 036

2011 ll+5

20)-l 86B

Azinuth,
deg

90. c

12.3

i).')
-ttB.2

ìq7 q

-1)C 7

_,lo n

_oa )

-ot ?

Tine,
hr:min:sec,

6.ç.v!

a

1C8:0).+ :19

r09: h6: âl*

109: \6 ::)+

Io9:\6:26
I09: \6:29
l-C9: Ir'ó:lrl

Iu:'j:4O:; I

10! : Ir6: 5?

tù9:.\7:00

l-09 : )+î: O1

L09: L? : O)+

a

a

a

a

à

St at1 on

Parks

Iicr.e¡,. suckle

Got i.st one

Gua;;rnas

Corpus

Bermuda

ìlerritt Isl-ano

. ntigua Isl-and

i.iland Ba.ha:¡ia

-1u a::

i arks

iione.rsuck-Le

-aa,*,.

i: ruai i
;c, Cs -, ÕnÊ

::"rrltt isl-and

irand Ba\ama

B.::':nuda

tstutionu tracking at undocking

oJt"tion" tracking at touchd.own
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'ì'^lìl,Ll )r .'liJ-V.- 'lAlìCl,ì'l' l,OAII },'OR CSM Í.jirll'A1ÌA'.t'i()N MANIIUVIIR

. I lr'^l ìl I lt i r.tt Il;¡s t.ern : , ll''i I '' I

(a) Target

[,..,, lrr.':tr.i tt:r-ìr',' ) t"."' l.
l(¡

,\V . r'¡r::
X-

AV , f'ps
v

AV . lpsz'

CSM weight, lb

I(iA, cìeg

II4GA, rìeg

OiJA, de¡"

(. ) (li ii ! irrr l.,ri ì irir¡, 1,.:rì at. i

(i' ) (l.llt4 Iilrlt,'[iMMA'l'

Fcf i-'r l,o 1:.lÌr1c 5-IV

1(tB :2'( : )r!J . )r

(t 'rt

0.0

2.'

36 100.8

0.0

l¡lo. (,,
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TABI,E \.I-0.W.- TARGET TOADS FOR I,M DOT MANELryER

't. '

fPropulsion system: DÞS guidance: externa]- AV (P30, PhO)]
I .;

(a) Target

tIG, h":min:sec, g.e.t.

AV fps

J.O9:26:27.t+

-T1. ohT

0.0

18. 70h

33 6L2.9

-60. B

U.U

0.0

Y

AVy, fþs

av, o fÞs

I'leight at tra, lb

IGA o d.eg

MGA, deg

OGA, deg

,J

(¡) nEFSMMAT

Refer to table 5-IV

(c) Gimbal angles at.tra

I
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TABLE 4.ro-rr¡r.-.T.AnGET LoAÐs ron LM pof{ERED DEScENT MANEUÆR

[Propulslon system: DPS¡ guld.e^nce: powered descent (p6¡, p6L , P65)J

(a) Ignition algorithn parameters

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

RIGXG,ft..Ld.

nIGZG, ft

\rrGG, fþs

K.,

-tr\y¡ rt"
L

K... ftlfþs
v

(P) Targets,

Approach phase (P6l+)

(p6¡)

7Io'223:26

-130 ' 519. 86

-r \32 597.3

5 5\5.5

.6t76zt

. oo000o7551gu+

\ro.

Braking pUase (P63)

Position, ft
R* = 1?1.831.¡68

R
v

R" = -10 6T8.196

Velocity, f¡rs
v = -105.816o6x

:V = 0.0
v

V = -1.01+03022z

AcceLerat j.on, f¡:s2
A* = .6el¡2591+

A =0.0v
A, = -9.101+3852

Jerk, fþs 3

J, = ''0t8826723

Position, ft'
'Rx o ttt'oB5z
R = 0.0v' :

Rz = -26.793t+99

=O;
- .z\TS5.LLg

Acceleration, f¡s2
A* - -.26237l'.:,0
A = 0.0
v

A, = -.512009I

Jerk, fþs 3

J, = .ooL8o??16

Vertical deseent (P65)

Veloclty, fps
V .= -3.0x
V = 0.0

V = 00.C
z

= 0.0

tYt
-l}

lociVe fþs
993vx

V
v

V

o

o
TENDBNAK = 62. TENDAPP = 12.

(^',
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TABLE l+.fO-Vfr"- TARGET LOADS F01ì LM 1-o!'/lilìlil)

DESCENT MANEUYER - Concluded

[Propu]sion system: DPS; guida,nce:
powãred descent (163, P6\, P6l)l

(") REFSMMAT

Refer to tabl-e 5-IV

( ¿) Gimbal angles .t tTG

IGA, deg

MGA, deg

OGA, deg

rc6.5

0.0

0.0

o



CSM ORBIT
(60 N. Ml. )

D0l

LANDING
PDI

(a) LLrnar descent orbital events.

F i .rre 4. 10-l - L[', , Jents
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\.ff First CSM Lunar Orbit plane Change (lOpC-f)

Approxinately 32 hours 2l+ r¿inutes after LOr-l, the csM performs a
plane change to place the LM in the CSM orbital plane at the time of LM

lift-off. The maneuver Ís perfor:ned. approximatelry 2.754 revolutÍons after
LM landing. The target load. for the maneuver i.s presented. in table l+.ff-f.

The burn characteristics are the folJ-oving.

Burn initiation

II5:53 z2l+ .T
36 038

-1\.
76.

,328.

Burn cutoff

l-15 : 53 : )+)1 .7

63

56.
æ.

Time, hr :min:sec, g.e.t.
Mass, lb
Altitude above LLS; n. mi.
SeJ-enographic latitud.e, d,eg
Selenographic longitud.e, deg . .

Velocityn fps
Perilune altitude above LLS, n. mi.
Apolune altitud.e above LLS, n. ni.

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

Al-titud.e above LLS, n. ni.
Selenographic latitude, d.eg
Selenographic longitucle, deg
Velocity, fps
Burn d.uration, sec
Inertía1 burn arc, deg
Plane change, deg
AV, fps
SPS propel-l-ant used.
Orbit period, hr:min:sec
Perilune altitud.e above LLS, n. ni
Apolune altitud.e above LLS, n. mi.

)+

0
l_

l+

E)
)+

0

.0

.2
?
E

.0

.0

.0
.7

.6
)+O

.l+

.0

OJ

-1)+
nct)

5328
o^

3T

1
)+

¿

3

6
3

130
:- :58

E)
6

"Thu ti*" for the maneuver has recently been changed. to \.J! revolu-
tions after LM land.ing.

U
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TABLE )+.TT.T.- TARGET LOAD FOR FIRST LUNAR ORBIT

PLANE CHANGE MANEuvER (T,OPC-T)

lPropulsion system: SPS; guidance: external 
^V]

(a) Target

tIG, h" :min: sec ,

AV*o fps

AVr, fps

avr, fPs

lleight, lb .

IGA, deg . .

MGA, d.eg .

OGA, d.eg .

g. e.t. II5:53:2\ .T

_13.0

372 ')1

0.0

36 o3B. l+

(¡) nETSMMAT

Refer to table 5-V

(c) Gimbal angles at t
IG

3.0

-1.)+

0.1

U
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)+.lZ LM Ascent

LM aseent begÍns after a lunar stay time of approximately 32 hours.
Time of LM lift-off is d.etermined primariry by the LM-csM phase require-
ments for rend,ezvous. A sketch of .the powered. ascent phase is shown in
figure \.fZ-f. The powered ascent is dívÍded- into two phases. The first
phase is the vertical rise phase which is required,for the ascent stage
to achieve terrain cl-earance. A d.eseription of traJectory parameters
and. vehicl-e attitudes during the vertical rise phase and. the transition
to the orbital- insertion phase is s'hov"n ln figure l+.1¿-2. Guídance
switches to the orbital insertion phase for radial rates greater than
)+O fps, but because of DAP steerin-g lag' the pitchover d.oeã not begín untif
a radial rate of approximatel-y 50 fps is achieved. This means the ver-
tical rise phase is actually terminated. at 10 seconds after 1íft-off.
During the vertical rise, the LM Z-bod.y 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 l+.fe-S. fnclud.ed is a d.escriptlon of total ascent phase perform-
ancer insertion orbital- parameters, and onboard d,isplays at insertion.
The onboard. display values refl-eet LGC estimated values. Yaw steering
is used. d.uring the orbital insertion phase, if requiredo to maneuver the
LM into the CSM orbital plane or into a plane that Ís coplanar with the
csM orbit. rn the nominal case, no yaw steering is required. A ground-
track for the LM and csM during LM ascent j-s shown in figure \.rz-)+. LM
ascent weight and events summaries are shown in tables \.fe-f and l+.I2-II,
respectively. The target load is shovn in tabl_e \.fe-fff

Time histories of important Llvf traJectory and. attitude parameters
are shor,m in figure \.lz-5. An altitud.e/aLtitude rate profile Ís shor,m
in figure )+.lZ-6.

Because +X-axis RCS thrusting is used for attitud"e control during
LM ascent, the effective thrust, flow rate, and specific impulse must
incl-ud.e effects of both APS and. RCS thrusting. Time histories of these
effective combined. APS and RCS parameters during LM ascent are shom in
figure )+.lz-7. rn the LM ascent propulsion periormance surnmary(ta¡te l+.fe-fV), the effect of combined APS and. RCS performance is il-
l-ustrated. as a function of time. (aps interconnect Ís open d.uring LM
ascent; all propellant is assumed. to come from the Aps tank. ) n ur,t weight
history is presented. in figure \.fZ-8. Note that the data do not incl-ude
the effects of nonpropulsive consumables l_oss during ascent.

Time histories of LM-CSM relative parameters are shown in
figure )+.lz-9. LM-csM rel-ative range dãta are shown in figure l+.ta-to,
and. the LM-csM rangefrange rate history is shown in figure )+.re-rr. LM
s-band. el-evation and azimuth angles, Ll4 s-band antenna angle profile, the
CSM-LM-earth, and. CSM-LM-sun angles are shor,m in figure )+,i.Z-tZ.

IJ
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TABLE \.TZ-T.- LM ASCENT WETGHT SUMMARY

lfeight of LM crev' inert weights' consumables'
and unusabLe APS propeJ-lant' lb .

Tanked APS propel-Lant, Ib .

Total veight of ascent stage' lb

Net off-loaded weight on lunar surface, lb

TotaL ascent stage l-ift-off weight ' lb

5 
'68.0

5 222.6

ro Tgo.6

-r2'r.2

10 663.\

U
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TABLE h.re-rr.- LM ASCm,rr EVEt¡rS suMMARy

Propellant,
1b

aCombines
APS and. +X-axis'RCS.

+
I
H
H
--{

0.0

Lr'.35

l+860.95

lfeight
]-b

ro 663.40

10 5)+8.05

5 8oz.\5

AV, fps

0.0

r08.03

6d+g.os

Burn
time,

sec

0.0

t-0 .0

)+30. 59

Propulsion
system

APSA

APSA

APSA

Time,
hr:min: sec ,

g. e.t .

f)+Z:Ol+ z3T.I25

t)+e: ol+ :\T .l-2,

:-)+e: tt :\7 .72O

Eyent

Ll4 lift-off

End. vertical
rise

LM insertion
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TABLE I+.TZ.TTT.- TARGET LOAD FOR LM ASCENT

lProputsion systems: APS, RCS; guidan
orbÍt insertion (rrz¡ 

1

ce:

(u) Target

(tirt-orr), hr:min:sec, g.e.t.urG

Ro (desired inJection radius), ft

Yo (desired inJection cross-rs,nge

distance)rft.r.r

Ro (desired. lnJection radíal velocity), fps

Y, (desÍretl inJeetion eross-range

velocity), fps . .

ZO (down-range velocity for desired.

inJection) , fþs

l,leight at trrr Ib

(¡) REFSMI,IAT

Refer to table 5-VI

(c) Ginbal- angles at tr*

IGA, deg

MGA, deg

OGA, deg

tl+e:Ol+:37.725

5 755 208.2

0.0

32. 0

0.0

,n5,62

10 663. l+

o.3l+9

0. ol+7

-0. 868

U
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TLBLE l+.12-IV.- LM ASCENT mOPULSION PERFoRMANCE SIJMMARY

'i .' 'r i [Contrined']APS anil"RCSl : ,

Event

LM l-ift-off

ll"f insertion

F
I
F
ts\o

T
sp

; sec

308.?0

308.78

309 .05

309.10

309.11+

-, fotaf
!, ru/s¡c

II.55

" 
-11.37

.'l-1.28

'ff.19

11.20

fota].
thntst,
' :1b :.

a5;65.53

3510 . BB

3l+86.fl*

3l+58.85

3,+62.38

RCS effective

.¿L

.f]-

.09

0;3?

29

RCS effective
tbrust, 1b

18.62

62s2

U+.1+6

212'6li 
'

19.10

W, lb/sec

f1.r-8

.1f .oB

11. 07

11 .08

11.1-}/

APS
thrust,

1b

3l+86.91

3\\8.56

3\l+1.68'

3\36'.20

. 3\\2. 68

Ti:ne from
fift-off

sèe

0

100

200

t9ot

\30.59
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l+.13 Réndezvous Sequence

l+.:"¡.r Sequence srunmaï:y.- After insertíon of the LM into orbit, the
LM irill- compute and. execute thê coell iptic rendezvous sequence r¡hich
nominally consists of four må¡or maneuvers: CSI, CDH, TPT, and TPF. A
nominally-zero plane change maneuvèr wÍIl be scheduled. between CSf and
CDH, and two nominally-zero middourse correction maneuvers wil-l- be sched,-
ul-ed betveen TPI and TPF; the TPF maneuver is actually divided into sev-
eral brakÍng maneuvers. The compJ-ete maneuver sequence is presented in
tabl-e )+.fg-f. Al-l maneuvers wil-l 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 sequenee from Iift-off through docking
requires approxirnately 3.5 hours

Ilefore d.etailed. information is presented about each maneuver' some
general mission and trajectory design requi-rements for the rendezvous
plan are noted.

1. CSI will occur impulsively approximately l0 minutes after in-
s ert ion.

2. CDH i^rilI occur one-half period after CSf .

3. LM coel-l-iptic Ah will be f5 n. mi. below CSM.

l+. Time between CDH and TPI r¿il-I be approximately 39 minutes.

5. TPI vil-I occur at the midpoint of darkness and. on a LM-to:CSM
el-evation angte of 26.60.

6. Braking should occur in d.aylight; stationkeeping should begin
approximately 25 minutes after the vehicl-es enter sunlight.

The orbital schematic for the rendezvous sequence is presented in
figure l+.f¡-f. The time histories of range, range rate, phase angle,
CSM-LM elevation angles, and the CSM-LM-sun angles are presented in
figures l+.fE-e(a) to \.r:-e(e). The relative motion of the LM with
respect to the CSM is shown in figure )+.f¡-e(f). The onboard tracking,
lighting, and mission events surnmary are presented in figure )+.t3-3 anA
in tabte l+.f3-ff.

@
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)+.13.2 CSI.- The purpose of the CSI maneuver is to establish the
proper phasing conditions at CDH so that after the CDH maneuver is per-
formed.r TPf r¿ifl occur at the d"esired" time and elevation ang1e. The

5O-minute intervaf 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 noninally
wiJ-l place the LM in an orbit ]5.0 n. mi. belor* the CSM orbit at the time
of CDH, one-half an orbital pe::iod after CSI. Should. the CSM tracking
of the LM prior to CSI indicate that an out-of-plane situatl.on exists,
an out-of-plane component designed to force a conmon node pOo after CSI
vould be incorporated in the CSI maneuver.. The characteristics of the
horizontal posigrade CSI maneuver which is performed with tine +Z (two-
jet) RCS thrusters are as fol-lovs.

Initiation

Time, hr:min:sec, g.e.t.
Latitud.e, d.eg N .

Longitude, deg E
Al-titud.e above landing .site,

n. mi. .

Phase angle, deg

Burnout

Time, hr:min: sec, g.e.t.
Latitude, deg N

Longitude, deg E
Altitude above landing site,

n. mi. .

Burn duration, sec

1l+3:02

AV, fps
Propellant used,
Resuttant h /hap'
Catchup rate, cteg/min

The CSI target foad is shown in tabfe )+.f3-fff.

l+. 13. 3 PC maneuver. - A plane change, nominafly not required, vould.
be executed approximately 2p minutes after CSI at the comnon nod.e 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-p1ane vefocity component would
be null-ed to zero with a coplanar situation being establ-ished. by the
Y-axis RCS thrusters. If a required plane change is not begun at CSI,

0rr}+3 t2r.3
5.8

168.0

L5 .8
B.r

:10.0
5.3

165.7

tb
n. m1 .

\s.g
U+.7
\g.g
31.9

\6.7 /\r+.'
0.070

@
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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 LM and CSM tracking schedule and
navigation plan is resumed. immediately after the CSI and PC maneuvers.

l+.13.1+ CoH.- Nominally, cDH witt be a smal-l- burn perforned. with
the +X RCS (fãìF-Jet) thrusters and. is designed to coellipticíze the LM

orbít wÍth the orbit of the CSM. If the CSM orbÍt were perfectly circular,
the CDH maneuver noninally r+ould. be zero; however, because of the simu-
lated 60- by 59-n. mi. CSM orbitn a smalI CDH maneuver is requíred. This
maneuver is perforned. with the +X thrusters so that rad.ar lock-on at an
elevation angle of approxirnately po above the local- horizontal- wil-l- not
be d.Ísturbed.. The burn occurs approximately 16.0 minutes before d,ark-
ness and places the LM in a coelliptic orbit l-5.0 n. mi. befolr the CSM.
The characteristics of the CDH maneuver are as foflows.

Initiation

Time, hr:min:sec, g.e.t.
Latitude, d.eg S

Longitude, deg lf . ,
Altitud.e above 1ânding site,

n. mi. .

Phase ang1e, deg

1l+3: 59: \9

Termination

Time, hr:min: sec , g. e.t.
Latitud.e, deg N

Longitud.e, deg E
AItitud.e above landing site,

n. mi. .

Burn duration, sec

f l+3 : 59: 5f

13.

AVo fps
Propellant used,
Resul-tant h /h -a'B-
Catehup rate, deg/min 0.073

After the CDH maneuver, the LM maintains the RR track attitude and
continues to. track the CSM. Meanvhile, the CSM is also folfowing the
navigation plan vith SXT/VHF tracking of the LM. The CDH external AV

target load is presented in table h.f3-fV.

.B

.6

.l+

2.
l+.

2.
l+¡. s/U+.

tr

13

U+.6
l+.]+

5

U+

U

6
5

6
U

l+

9
l+

1b
n.

o
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\.13.5 TPI.- The TPI maneuver, executed with the +Z RCS (two-Jet)
thrusters, is-iñitiated on a 26.6o line-of-sight elevation angle to the
CSM. The ÀV vector is approximately along the l-ine of sight to the CSM'

The maneuver occurs approximately 39 mÍnutes after CDH and approxímately
23 minutes before daylight. The Lambert targeting for this maneuver is
based on a I30o CSM central travel angle between TPI and. TPF. The target
Ioad for the TPI maneuver Ís presentett in tabl-e 4.13'V. The charac-
teristics of the TPI maneuver are as follovs'

Init iat ion

Time, hr:mÍn: sec, g.e.t.
Latitude, deg N

Longitude, deg I'l

Al-titude above landing site,
n. mi. .

Phase angle, deg

1l+l+ : 38: 56.

131+.

Termination

Time, hr:min: sec, g.e.t.
Latitude, deg N

Longitude, deg i'l
Al-titud"e above landing site,

n. mf . .

Burn duration, sec
AV, fps
Propellant used, Ib
Resul-tant h /h , n. mi. .ap
Catchup rate, deg/min

6r

0.033

)+. 13. 6 Mid"course corrections and. TPF.- The LM RR tracki ng and CSM

sextant and VHF ranging wilf resume approximately l+ ninutes after TPI
and r¿iIl cease approximately )+ minutes prior to MC-l. MC-] is schedufed'
l-5 minutes after TPf and. is nominally zero. LM RR tracking and CM

sexiant and VHF ranging begin again approximately l+ mintrtes after MC-l
and end, approximately 3 minutes prior to MC-2 whích occu-rs -10 minutes
after TPI and is also nominally a zero maneuver. The terminal- phase
braking schedul-e performed. r¡ith the two-J et -Z RCS thrusters is presented
in table 5-fVII. Line-of-sight corrections wilf be made as required.
Final approach and stationkeeping shoul-d accur at approximately

6dorhzl+t3o.5s g.e.t., approximatdry 2J minutes after the vehicl-es enter
sunlight on the backside of the moon. Docking should begin at approxi-

mately 6dOrhhO*00= g.e.t. to complete 3.5 hours of rendezvous activities.
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TA3I,E I+.13-I- RtrDEzvoUs Ii{Â[UJl¡lR Sulrrì{ARY

Eange rate
at. cutoff,

fPs

_L07.7

-1OI¡ .5

_u9.7.

-r33.0
' 4.2'

-l+¡..S

-19.î

-9.8

+.9

-o-2

0.0

Ralge et
cutoff,
n. ui.

r.[0.]-

r22.L

n.5
32.2

1¡.i
¡.t[

0.¡l

o.2

o.08

o-(ì1

0.0

SesulteBt

orbitb
h"/hp,
D m1

\6.7 /t+\.j
t+6.7 /tù.5
¡r5.3/¡¡¡ .l¡.

6L.9/\3.8

6L.9¡¡3.8

6r.9/t+3.8

60.9/t+9.L

60.i|13.9

60.L/i6.,

60.o/19 -z

5si.gl:¡g.r

Propeuant
-auseo ,

1b

31.9

0.0

?.9

15.8

o.o

0.0

7.6

6.3

3.0

3.O

lleight at
ignition,

1b

5802.11

5770.5

5770.5

,767.6

5T51.8

5?5r.8

575r.8

57,+\.2

,73',t.g

573\.9

573r.9

Total
ÁVr
fps

l+9.9

o.0

t{.4

2Ì.8

o:o

0.0

l_2.0

9.8

[.8

l¡.?

Bu¡n
time,
9ec

¡+l+.?

'0.0

2.O

22.2

0.0

0.0

L0. ?

8.7

¡¡.3

l+.].

ho¡nJ.sioa
syst@

RCS +Z (t¡ro-Jet)

RCq iY (tso:Jet)

RcS +x (forE-Jet)

ncs +Z (tþ-Jet)

BCS !z (tto-jet)

RCS 1z (ts-Jet)

Rcs -z (tþ-Jet)

ncs -z (trc-Jet)

8cS -Z (trc-Jet)

RcS -z (rrc-Jet)

Tlne,
clay:br:mia: sec,

8. e.t.

5:23:01:25.3

5:23:30:3?.6

5.23;19:\9.g

6:OO:38:56.1

6rÒ0:53:56.1

6:0L:08 : 56.1

6:01:20:L5.L

6:01:21:28.3

:.

6z}l-223:o6.7

6:01,:2ù ¡ 26.3

6:01:l+O:OO. O

Event

CSI

PCc

CDE

æI

oæ-1".-

tf-2c

Flrst òr.kiDg
: raDeuver

Sæond. braking
Eneuver

&1!d brakln€
t. ¡A¡eUVer
I

hrrth braking
Eneuver

Iiicctri¡e

+
t..
H
\JI
\o

hsti-ates for coÃDletiD€ cot¡su¡ables ttocuûeat rrllL present offi.cial lEolEllant usageF.nÞIyÉis üe erpected. SJ-ight changes ceuseit Þ¡ rigor of
bALtitrd"" 

meesued. above lantti.ng site.

"u*io"J.rv a zero Âv eêneuver.
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TABLE h.I.¡-TT.. MSFN TRACK]NG
AND SHADO}I TIMELINE

Event
Time '

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

Insertion

Sunset

MSFN LOS

CSI

Sunrise

MSFN AOS

PC

CDH

Sunset

MSFN LOS

TPI

MC-l

Sunrise

MC-2

MSFN AOS

First braking maneuver

Second braking maneuver

Third braking maneuver

Fourth braking maneuver

Docking

5:22:11 : l+7 .7

5:22:15 26.5

5 :22 :31- : l+1 . 2

5:23zOLz25 .3

5z23zI2zl-2.O

5223:I9t29.9

5:23:30:37.6

5:23:59t\9.9

6:00:l-0:31.7

6:00: 28:32.I

6 :00: 38 : 56.f

6: OO: 53:56.t

6 : 0l- : A8:25 .T

6: Ol : OB :56.1-

6:01 :1)+ z3T .6

6:01-:17:\l+.5

6: Ol- :20:15 .0

6:01:21- :28 .3

6:01: zl+226.7

6:01:)+o:oo.o

)

)

)

o
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TABLE 4.r3-rrr.- TARcET LoAÐs FoR csr MANEtrvER

fPropulsion system: RCS¡ guid.ance: externa]- AV]

(a) Target

av, '

trO, hr:min:secn g.e.t.

ÂV*r fps

fps

aV, r fps

lleÍght at trar lb

ïGA, d.eg .

MGA, deg . .

OGA, deg . .

(¡) nEFSMMAT

Refer to tabte 5-VI

(c) Gimbal angles at tra

t43 : r 225.3

\g.s

0.0

0.0

5802. )+

r9r.2

0.0

0.0

o
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TABT,E l+.r:-rv.- TARGET LOADs rCIR cDH MANEIJvER

IPropulsion system: RCS; guidance: external AV]

(a) Target

t16, hr:mÍn:sec, g.e.t. 1l+3: 59 : \9. B

AV", fps

i)

Àvr, fÞs

aV,, fps

I{eight *t tïGn

IGA, d.eg

MGA, deg

OGA, deg

(t) BETSMMAT

Refer to table 5-ÏI

(e) Gimbal angles at tr*

1b

-2.0

0.0

-4. o

5770.5

38. l+

0.0

0.0

¡

I

I
rì

{iI
I
I
i

,

t

U

o
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tïGn hr:mÍn:sec, g.e.t.

l+-r6f

TABLE h.TS-V.- TARGET LOADS FOR TP] MANEIJIER

fPropulsion system: RCS;. guidance: externa]- AV]

( a) Target

.Ihl+:38:56.f

AV*r fps

AVrr fps

avr, fPs

lfeíght at tr*, lb

fGA, d.eg . .

MGA, d.eg . .

OGA, d.eg . .

(¡) REFSMMAT

Refer to table 5-yI

(c) Gimbal angles at t ÏG

22,0

0.1

-]t-.1

5767.6

276.5

-0.1

-0.2

ü

o
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CSM parking orbit
7

,........"....Rendezvous radar tracking
.-¡-.-TMSFN traCking

10

4
a\
t
I

3

1Ítt!
a'

a

I6
11 *-Sun

a\

a
5

Earth

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

t. Lifr_off 147:04:37 .L 7 . MC-I t44:53:56.1

2. LM insertion 142:LL:47 .7 8. MC-z 145:08:56.1

3, CSI 143:01:25,3 9. Begin braking 145:17:44,5

4. PC L43:30:37 ,6 10. Begin stationkeeping L45:24:26.7

5. CDH 143259:49.9 11. Dockins )"45:4 0:00.0

6. TPI L44:38:56.1

Figure 4.L3-I. - Orbital schematic of ascent through docking,
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)+.fh Ll4 Jettison and. SeparatÍon to Transearth fnJection

Docking occurs at approxirnate.ly lLShhOm g.e.t. After equipment
transfer and. decontamination procedures, the LM Ís Jettisoned. at
tl+Thefm g.e.t. The CSM is pitched up )+5o with respect to the locat-
horizontal- for the LM Jettison. The csM separates from the LM by
perfor:ning a -x RCS transration of 1.5 fps in the ÍnertÍaI Jettison
attitud.e. e

tabl-e l+. r\-r
The target l-oad. for thís separation maneuver is sholrn in

An 8.5-hour crer,¡ rest period. is begun at:-)+9h3Ot g.".t. The rest
period is ended in revol-ution 38 at approximatery r58hoom g.e.t. A pÌane
change is performed in revolution 39 at f59hr3m53.1t g.e.t. The pl-ane
change, which is an SPS burn of 360.1 fps, results in an orbit that passes
directly over Descartes and Fra Mauro two revol-utions l-ar-er. The target
l-oad for the L0PC-2 maneuver is presented. in tabl_e h.f)+-ff .

Photography and landmark tracking are performed during revol-utions
l+0, )+t, \2, )+3, ana l+\. The TEI maneuver is performed in revolution .l+6

at fTLhZl+*\].8" g.e.t. The J-unar orbit ground"track from the CSM plane
change after LM jettison to TEI is shown Ín figure l+.fl+-f.

"Th" L,M Jettison has now been moved to 1\8h00n g.e.t. or 39 minutes
later. The LM r+i11 be Jettisoned. in an Ínertíal attitud.e and a retro-
grade burn can be mad.e d.uring the foll-owing revolution at 63.JoE longitude
so that the ascent stage could. be mad.e to impact the moon near the landing
site if head.quarters approves such a proced.ure.
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TASLE I+.Th-T.- TARGET LOA.D FOR CSM SEPARATION

MANET'\TER FOLLOI{TNG LM JETTISONA

IPropulsion systemi cs¡¡ ncs]

(a) Target

tIG, h":min: sec ,

AV*, fps

avr, fPs

AvZ, fps

Weight, Ib .

IGA, deg

MGA, deg

OGA, deg

g. e.t. l\T: zr 226.8

-r-. 0607

0.0

1.0607

3\ 80?.6

70.0
0.0

-0.l

(r) REFSMMAT

Refer to tabl-e 5-VI

(e) Gimbal- angles at tra
)

_ fufre LM JettÍson has now been moved. to fl+BhOO* g.".t. or 39 ninutesÌater. The LM viII be Jettisonecl in an inertÍaI attitud.e ar¡d. a retro-
grad.e burn ca¡¡ be mad.e durÍng the fol-lowing revolution at 63.foE longÍtude
so that the ascent stage coul-d. be mad.e to inpact the moon near the landingsÍte if head.quarters .approves such a procetlure.

J
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TABLE h.rh-rr.- TARcET LoAD FoR sEcoND LTJNAT

oRBrr ptANE cHANGE.¡4ANEuvER (rcpc-z)

IPropulsion system: SPS; guidance: externa]- AV]

(a) Target

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

"' 
fPs

AVro fps

avr, fPs

lleight, Ib

IGA, deg

MGA, d.eg

OGA, deg

(¡) REFSMMAT

Refer to tabl-e 5-VII

(c) Gimbal- angles at tra

Ir9:L3:53.1

-9.1

297 't
0.0

s)+ 8oo. 5

2

0.r_

AV

-1

9

2
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l+.15 Transearth InJection

The TEI maneuver occurs 3dr8h56lt after LOI-I. The burn was
targeted for a fO-hour trar¡searth flÍght tine. A time history of the
traJectory paraneters d.uring the burn is presented in figure 1t.15-l-.
The transearth inJection geometry is shor¡n in figure 1+.I5-2.

For the TEI burn, the IMU is alined. to the preferred REFSI\MAT.
The target load is presented. ín table 4.15-I.

The characteristics of the burn are the following.

TEï burn initiatíon

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

Mass, Ib
Altitud.e above LLS, n. mi.
Selenographic latitude, deg . .

Selenographic longitude, deg
Velocity, fps
Selenographic inclination, deg
Perilune altitude above LLS, n. mi.
Apolune altitud.e above LLS, n. mi.

r7l+ z2\:47

TEï burnout

33

q

'T5

60.
o

3l+1
T6T

5T
6z

Õ

4
6
I

-]JjJ
3
0
I
a

]-T\:27:\.8
6t+.6
7'8

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

Al-titud.e above LLS, n. mi.
Selenographic latitude, deg . .

Selenographie longitud.e, deg
Velocity, fps
Selenographic inclination, deg
Burn d.uration, min: sec
Inertial burn arc, deg
PLane change, deg . .
AV, fps
SPS propel-lant used, Ib
Perilune altitud.e above LLS, n. mt-

176 -?
8't+27 .0
168. 4

2zIT
8. {J

2.0
3113
89)+2
60. r
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TABLE \.T5-T.- TARGET LOAD FOR TEI MANEI.rVER

[Propulsion system: SPS; guidance: external ÂV]

(a) Target

tIG, ht :min: sec ,

AvX, fps

AVr, fps . ,

AV' fps

Weight, lb .

TGA, deg

MGA, d.eg

OGA, deg

g. e.t . tT\ z 2L¡: 47 . B

3092.9

296.6

_r95.6

33 751+.3

3.0

-1.1
0.1

(¡) RE-rsMMAr

Refer to table 5-VIII

(c) Gimbal- angles at t*

-\
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l+.f6 Tr¿Lnseartb Coast

A ground.track of the transearth coast phase is provÍded in
figure \.f6-f. Altitude above the moon is shor^¡n for the first lO hours
of coast in figure l+.16-2. The altitude tine history for TEr to entry
is shovn in figure )+,16-¡. Three mj.dcourse decision points have been
d.efined for the transearth phase.

MCC-), ffiI plus 1) hours

MCC-6, EI minus 22 hours

MCC-], EI rninus 3 hours

The maneuvers will_ be targeted for corridor control_ only. The
mid.course strategy, which inr:l-ud.es the threshol-d va.l-ues for each maneuver,
is contained in reference 2. Altitrrde is plotted against time for the
last L0 hours of transearth coast in fi.gure )+.16-l+.

The SC remains Ín the l-unar r:nbra during the entire TEf burn, enters
sunlíght approximately 6 minutes afber cutoff , a¡d. remains in swlight
until entry.

Passive thermal control- wifL be maintained during most of the trans-
earth coast phase. The PTC REFSIvn4At (ta¡te 5-II) will- be usecl for
MCC-5 and. MCC-6; the entry REFSI{I{AT (ta¡te 5-IX) r¿il-] be used for tvtcc-T.
The CM/SM separation occurs approxima*"ely 1! minutes prior to entry.

The sc is acquired by lr4sr]ri approximateì-y f0 minutes after TEr
cutoff, and the last statjon to lose signal- is Honeysuckte (5o minimum

el-evation) vhich loses signal at Zl+l+he3^27' g.c.t. or approximately
3 minutes prior to entry.

The primary trajectory parameters at entry interface are the
folloving.

a

b

c

Time, hr:min:sec, g.e.t.
Transearth coast time, hr.. .

Inertial veJ-ocity, fps
Alt itud.e , n. mi . .

ïnertial flight-path angle, deg .

Latitude, deg . .

Longitude, deg
Equatorial incl-ination ( ascending) deg

2\\ :26: 36. O
v^lu

36 r2B.B
6r.B
-6.5

-18. 7
172. B

r8. B
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l+.1T Entry

The entry phase of the operabional traJeetory was simulated with
the Apollo Reentry Sirnulation prograJn 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 l+.:-7-f.

At the nominal nt, al+l+he6n36s after líft-off, the CM is at an al-ti-
tude of \OO 095 feet, and. the coordinates are I8.6590S geodetic latitud.e
and. fT2.75oE longitude. Inertial velocity, flight-path ang1.e, and azimuth
at this point are 36 128 fps, 6.10" below the locaf horiz-ontal, and 86.70o,
respectively. The gimbal angles are as follows: Jraw = Oo, pitch = 1530,
roll = Oo.

A plot of the CM maneuver footprint and the nominal ground. trace on
a map of the entry area are presented in figure l+.L7-2. The footprint is
extend.ed. to a 3500-n. mi. entry range. The nominal touchdown target 1o-
cation is 1285-n. ni. down range from the EI posítion, and- the coordinates
of the target are 1650ll longitude and.16.0)+0 N geodetic latitude. A se-
quence of pertinent events is given Ín table \.f?-f and includes the
periods of eommunications bfackout whích occur along the trajectory. The
guidance phases are shol¡n ín figure l+.17-3, which shovs aftitude as a
function of range to the target. Time histories of the bank angle com-
mand"ed. by the guidance systemo of the altitud.e rate, and. of the altitude
are presented in figure I+.1?-\. Tine histories of the total heating rate
and. the total heat load are presented in figure I+,IT-5. The maximum total
heating rate is 286.7 stlt/tt2/sec, and the total heat foad is
26 3W Stu/tt2. Time historÍes for inertÍal and rel-ative velocity and
flight-path angles are presented in figure \.tl-6

The CM RCS used. l-I.r, pound.s of propellant for the separation and
attitucle hold maneuvers before the spaceeraft reaches l+OO OOO feet. The
RCS used 30.7 pouncls of propellant to perform the guidance command.s during
the remaind.er of the entry. A tine history of the total RCS propellant
consumed from separation is presented. in figure \.IT-7. In figure l+.t7-8,
the al-titude is plotted in relation to relative velocity, and the boundary
for S-band cornmunication blackout is shown (ref. 6). Time histories for
ihe primary DSKY d.isplays, commanded bank angle, inertial velocity' and.

load factor are shown in fÍgure I+.fT-g. The load factor at the c.g.
reaches a first maximum of 6.26g and a seconcl maximum of 5.559, Time
histories for the finat phase DSKY dísplays, commanded bank angle' cross-
range error, aniL d.own-range error are shown in figure )+. U-10.

The drogue parachute deploynent sequence begins at an aftitude of
23 300 feet, which is B minutes I seconds after EI. The two drogue
parachutes are deployed 2 seconds later. At an altitude of f0 500 feet,
the 1ov altitude baroswitch closes, and. the drogue parachutes are d.is-
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 Ef. The relative velocity and
relatíve flight-path angle are plotted ag.ainst time from drogue chute
deployment in figure l+.17-11. Load factor and altitude are plottecl
against time from drogue chute deployment Ín figure l+.LT-I?.

An EMS scroll (non-exit pattern) is presented in figure l+.f7-ft(a)
vith the reference traJectory from 0.05C superimposed upon it. This
pattern has limit l-ines which a1low the erew to monitor the entry tra-
jectory to prevent an exit by the spacecraft from the atmosphere
(e . O.e). The command.ed bank angle and EMS range-to-go are plotted
against the inertial- velocity in figure )+.fl-f¡(¡).

The cM mass properties are shown in table )*.r7-rr. The conditionsat Er are presented in tabl-e l+.7-rrr, and the entry REFSMMAT is presentedin tabl-e 5-IX.
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TABLE )+.rT-r.- n[TRy EVENTS SEQUENCE

Time from l+OO OOO ft
min: sec

0 :00

r8

l- : l-0

1:l-B

Iz22

2:52

3:15

5ß6

J:10

8:08

8:55

13:50

29

Time from lift-off
hr :min: sec

d+l+:26:36

2Ð+:26251+

2\\:27 :o5

2\)+:27:\6

2\\ z2T :5\

2\\:27:58

2\l+:29228

2\\:2925l

2\\:32:I2

2\l+:33: )+6

2h\:3\ : )+l+

2)+ì1:35 :31

z\\:\o;26

Event

Entry

Enter S-band communication blackout

Enter C-band cornmunication blackout
Load. factor = 0.059

Maximum heating rate

Guid.ance initiate at R-DOT - -700 fps

Maximr¡m l-oad factor (f'fnSf )

Exit C-bancl conmunication bl-ackout

Exit S-band corununication blackout

Maximm l-oad. factor (sncouo)

Termination of CMC guid.ance

Drogues parachute depJ-o¡rment

Main parachutes deployment

Splashd.ovn

+
I
tr\o\o
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TAtsLE )+.TT-TT.. COMMAND MODULE MASS PROPERTIES

CM weight, lb

Entry . .

Main chute depJ-oy .

Splashd.own

Centers of gravity in Apo11o
coord.inate systemn in.

X¡,

Y.
A

zt

Moments of inertiao slug-ft2

T*XX

T-vv
T-zz

229\2
767

o60
11
11

039

-0

l_

0
0
3

B

l+

6.2

Prod.ucts of inertia, slug-ft2

6 287.0

5 l+r2,0

l+ 8e8 .0

5)+.o

-\rT . o

-5\ .o

rxy
rxz
tvz

U

/
I

J
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TABLE l+.rT-rrr.- coNDrrroNs AT ENTRy TNTERFACE AND TARGET PoINT

Elasped. time from launch, hr:min:sec

Inertial velocity, fps

Inertial flight-path angJ-en deg

Inertial- azimuth, deg

Spacecraft geodetic latitud.e, deg S

Spaceeraft longituden d.eg E

Altitud.e o ft

Target geod.etic latitud.e, deg S

Target longitude, deg hi

2Ð+ 226 ß6

36 l-2B

-6.50

86'7oo

r8.659

rT2.75T

\oo 095

16 . ol+

165.0

:l

)
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5.O ]NPUT DATA

The following input d.ata or reference sources were used to compute
the Apollo 12 (H-1) mission operational- trajectory.

Launch pad. REFSMMAT
PTC REFSÙI'4AT

Land.ing site REFSMIvÍAT

Special REFSMMATa
Pref erred (lopc-r ) nuFs},0aAr
LM ascent REFSMMAT
Pref erred (loPc-z ) nprs¡,n¿nr
Preferred (rnr) REFSMMAT
Entry REFSMMAT
Spacecraft veight sulnmary
Sequential mass properties .

Consumabl-es weight change sunmary.
As sumed. mi s s ion -ind.epend.ent

expend.ables
Service mod.ule propulsion per-

formance
Command. module RCS performance
Lunar mod.ule propulsion per-

formance
Command. mod.ule aerod.ynamic

parameters .

Lunar landing site positions
fMU alinement criteria .

Terminal renclezvous braking
sched.ule . .

MSFN station characteristics

Launch trajectory
Mission requirements
Aerodynamic heating data

Atmospheqe mod.el . .

Stand.ard.s and constants
Guidance equations and logic

Tabl-e 5-I
Tabl-e 5-IT

Table 5-III
Tabl-e 5-IV
Table 5-V

Table 5-VI
Table 5-VII

Table 5-VIII
Table 5-IX
Table 5-X

Reference 3
Reference 3

Table 5-XI

Tabl-e 5-XII
Reference 7

Tabl-e 5-XIII

Table 5-XIV
Table 5-XV

Table 5-XVI

Table 5-XVII
Tables 5-XVIII

and 5-XlX
Reference .l-

Reference B

References 9
and 10

Reference ll
Reference 12

References l3
and r-4

"Thi" REFSMMAT represents a change from the land.ing site REFSI4NÍAT
(ta¡te 5-III). This change resulted from a smal-l- change in LM landing
time which r,¡as made subsequent to publication of the H-l. Sinulator Data
Package (ref. 3). It is planned to use only one REFSMMAT.for MCC-\,
L0f-1, L0I-2, DOI, PDI, and. landing; and future d.ocuments will refl-ect
only one
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TABLE 5-T..- TAUNCH PAD NEFSM}{AT

(a) Apprlcable nineuv"rs

1. Launch

(¡) oerinition of REFSMMAT

[ii ;îî ::i] []]

XTX

YTX

ZIX

SPACECRAFT
PLATFORM
STABLE
MEI{BERS

= 0.107688?3

= -0.r6\r\6eS
= o.68tr9r8t

(" ) nnrsm¿nT conponents

xrY = -o,65zs63Tz
YIY = -0,525e8\56
zry = o. :\6Sl+g6r

ncr (¡ntlsy )

= o.zTtzïggz

= -o.83h9hl+52

= -0.1?882088

xrz
YTZ

ZTZ

I

t-

I
I
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TABLE 
'-II.- 

PTC REFSMMAT

(a) Applicable maneuvers

1. Non-free-return maneuver (tttCC-a)

2. Passive thermal controL

(¡) nerinition of REFSMMAT

[|

l-xrx

L;t

XTY

YIY

ZIY

XÏY

Y]Y

7,Iy ::l []
SPACECRAFT
PLATFORM
STABLE
MEMBERS

= -0.6\zTBT6t

= a 166o\\\>
= 0.0

= Q.7oe8f1r5

= Q ,58972816

= Q.39TB\oo\

ncr (l¿ivsv )

ZTX

YIZ

ZIZ

o. so\?6sr5
s.25572665

-0.9r7\r)+79

(c ) nn¡'svnlAT components

XTX

Y]X

ZTX

J
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TABLE 5-IIT.. I,ANDTNG SiTE REFSMMAT

1

2

3

[|r'.rcRAFr

(a)

LOI-1

LOI-2

¡tlCC-l+

(¡)

App'1icab1e maneuvers

DefinitÍon of REFSMIT4AT

REFSMMAT components

[ii il :ilfl.,
MCï

lo¡¡y) or
r'NgY)

(

(PLATF'ORM

STABLE
MTX{BERS

xrx
Yrx

zlx

(c)

-0.88016880

-0.t 6028699

o.l+\6f r8l+4

= Q. l+>5:Ol+ff

- -o.5rt:-58:.z
= o.íggzEozz

o. rsl+r6806

0.81886068

o. 55809150

XÏY

YIY

ztY

xTz
yT7,

ZTZ
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TABLE 
'-IV.. 

SPEC]AL REFSMMATA

(a) Appficabl-e maneuvers

l-. CSM separation

2. LM DOI

3. LM powered. d.escent

(¡) oerinition of REFSMI.4AT

X

Y

¡7

XÏX

YIX

ZIX

XIY

YIY

zrt ::il[]
SPACECRAFT
PLATFORM
STABLE
MEI{BERS

(c ) nnFslrn¿RT components

¡cr(¡¡Nsy) or
MCI (MNBY )

XIZ

YTZ

ZIZ

XIX

YTX

ztx.

-0. 8T988016

-0.1604271+3

o.)+l+729628

= o.l+5580302

= -Q.55roBT8T

= e.6g\g6oft

0.13\36711

o .8i-8880)+t

0.55801)+59

XIY

YIY

ZIY

"Thi" nnfSl4¿Af represents a change from the land.ing site REFSMMAT
(ta¡te 5-III). This change resulted. from a smal-l change in LM landing
time which vas made subsequent to publication of the H-l- Simulator Data
Package (ref.3). It ís planned to use only one REFSMMAT for MCC-)+,
LOI-I-, L0I-2, DOI, PDT, and. land.íng; and. future documents wiff reflect
only one.
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TABIE 5-v.- PREFERRED (r,opc-r) nprsu¡¡lr

(a) Appl-lcable nanbuver

1. LOPC-I

(t ) Derinition of REFSMI4AT

[ii ;iî ::l[;]
JP¡,CECNAflT

PLATFORM
STASLE
MN{BERS

(c ) nnrs¡am'r conponents

= -o.tz66sgtt xIY - -O,16z59l.3l

= -0.g>68611> yIT, r 0,28638127

= -0. z6rh?oo8 zrY F -o .77r5t+%l+

ncr(¡¡u¡v) or
Mcr(Mr¡sv)

xlx
YIX

z,Ix

xrz
y17.

zIz,

o. Bt69?831

o. o\B8B5grT

-o.5Tt+59255

I
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,TABLE 5-W.- LM ASCENT REFSMMAT

(a) Applícable maneuvers

1. LI4 ascent

2. CSI

3. CDH

\. TPI

5. CSM separation follov'ing LM Jettison

(¡) Definition of REFSMMAT

[I ,,^.,CRAFT [ii ;rr îïil [|,.,(Mvsy .r
Mcr (MNsy )PLATFORM

STABLE
MEIUBERS

XïX =

YfX =

ZIX =

(c)

-0.98067976

-0.08902)+l+82

O.tT)+tBgzZ

REFSMMAT components

XIY = o.rg¡S990\
YIY = -Q. 5750311+8

ZtY = O,7gì+g\TA

o.ozgsil+Bzg

0.81327330

0. 58113898

XIZ =

YlZ =
tto
¿JL¿J

*J

I
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TABLE 
'-VII.- 

PREFmBID (LOPC-2) REFST,['4AT

(") Apprlcable naneuvers

L. LoPc-z

(¡) oefinitfon of REFSMIIAT

rl;ïäl[]
þt* zry

SPACECRAFT
PI.ATFORM
STABLE

ME¡,TBERS

(c) nnrs¡n¡RT components

ncr(¡m¡nv) or
¡¿cr (¡,n¡gy )

xI,z

vTz

ZT7,

xrx
YIX

ztx.

-0.0591+838b9

-o.gTl>s\60
o. eozlrol+8

= -o,>116S\26

= -O.I3222a67

= -0.80835525

0.81693¡+79

-0.t6\oz>62
-0.51291332

XIY

ïïY
zly
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TABLE 5-vrrr.- pREFERRED (TEr) n¡¡'stil{Ar

(a) Applicable ma^neuvers

L. TEI

(¡) nerinition of REFSMMAT

t[][;]

XIX X]Y XÍZ

YIX YIY YfZ

zlx zry zT7.

SPACECRAFT
PI,ATFORM
STABLE
MEMBERS

ECI(MN3Y) öi"
MC](MNBY)

I

(q ) nPrslo4AT components

X]X

YIX

Z]'X

0.57T8533\

o. 08\969l+30

0. B11T05l+5

= -0.72768623

= o.5896TrT

= o.l+6>28\69

=. -o.36953793

= -0.85953318

= , Q.353oro2o

7,Ty

YIY

ZTY

xlz
vTz;

ZTZ

U
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TABLE 5-IX.- ENTRY REFSMMAT

( a) Appllcable marleuvers

Entry

(¡ ) Oefinítion of REFSMIT4AT

Hi ;ii ::il[î

(c ) nn¡'s¡O¡nt compbnents

ncr (MNsv )

= .O>t+l+g596

= -.9\6>0666
= .3180\9es

L;]
SPACECNAFT
PLATFORM
STABLE
MEITIBERS

= . rso¡.5ohr

= .322538\\

.gsT>6>go

= -,989995\9
= -,oo96993153

= .tl+ol65zT

XIX

YIX

ZTX

XIY

YÏY

ZIY

xïz
YTZ

ZIZ
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TABLE 
'.X.- 

SPACECRAFT l¡TIGHT SUMMARY

-l Total CSM inert, Ib
CM Ínert, l-b
SM inert, 1b

SIA ring, Ib

Total SPS propellant tanked'' 1b
SPS d.el-iverable, lb .

SPS trapped, 1b . .

63
oT

9B

593.
351+.

ta
12.
10

l+o

l+o

¿

4
18

5

,

68. B

ro9 6fi.\

1OO 7l+3.0

9

I
q

6ll
09
2T

U

I
0

)+

t_

3

,,
.l+
.0
.6

239

33 23r.5

22

Total LM
LM DPS
LM DPS
LM APS
LM APS

at earth launch,
inert, lb
tanked., lb
inert, Ìb
tanked, 1b

1b
6
1
1

Spacecraft at earth launch
(including LES), fb

SpacecraftbeforeT&D

)

,.)

'*,
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TABLE 5-XT.- ASSTJMED MISSION-INDEPENDENT EXPENDABLES

Mission-independent SPS butlget
Translunar MCC (1OO rps), lb
Transearth MCC "(O rps), Ib

SPS propellant allowances
Unbalance meter, lb
Mean outage, lb
DÍspersions, 1b . ,

1130
0

100
59

l+26
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TABLE 
'.XTI.- 

SERV]CE MODULE PROPULSION PERFORMANCE SUMMARY

Propulsion
system

I
sp

sec

, Thrust,
lb

Flow rate,
lb/sec

SPS

RCS
(four quad")

31\.lr

228.5

20 520.0

351+,r5

6r.267

r.r50

TABLE XI]].- LUNAR MODULE PERFORMANCE TABUI"AR TNPUTS

)

)

I

)

Descent Ascent

DPS RCS APS + RCS

Thrust,
lb

I tÞP

sec
Thrust per
engine, 1b

I tsp
sec

Burn
time,
sec

Effective
thrust, lb

Effective
I -secsp'

l-05 0

28oT

3216

)+315

5Bt1

98r9

9903

2%.6

296.6

298.0

300.0

303.7

303. 5

302.\

l_00.3 2Br-.0 0

l+o

BO

L20

160

200

2l+0

28O

320

360

\oo
l+¡0.6

3165.'

353)+. 3

3rL6.9

350r.7

z\g6.2

sl+86 . r
z\r>.t
s\6\.2
3l+53 .8

3\5\.5
3\t9.0
3't162 )+

308.7

308 .7

3OB.B

308. 9

308.8

309.05

308.9

309.03

309.2

309 .3

309 .1

309.1



TABLE 5-X¡V.- COMMAND MODULE AERODYNAMIC COEFFICIENTS

co

+X

AERODYNAMIC COEFFICIENTS AT TRIM ANGLE OF ATTACK
AS A FUNCTION OF MACH NUMBER

Center of gravity location in body coordinates
X = 1039-B in.

cg
Y =-.4incg
7 = 6.2 in.

cg

-X

V
Rel +Y

c \¡
¡
tso\

L

L/D

0.30011

o.27530
o.3LO76

o.43646

0.42707

0.45?42
o.44432

o.42786
0 .4787 4

0.40342
0.37235
0.35862
0.309s6

c
D

0.85104

0,98128

1.0600
1.1596

r .t47 4

r.2694
r.2570
1.2581
L.2267
1.2018

L.2032
t.2t27
L.2778

ct

0.25540
0.270L5
0.32941
0.50613

o.49002
0.57558
0.55850

0.53830
0.51366
0.48482
0.44803
0.43489
0.39557

c, deg

166.65

L63.78

161.08
1.54.04

L54.4r
t53.29
t52.54
L52.43
152 .88
t53.46
155.51
L56.2r
159.48

M

0.4

0.7

0.9
1.1

t.2
r.35
1.65

2.0
.) 4

3.0
4.0

10.0
29.5
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TABI,E 5-XV.- LT]NAR LÆIDTNG AI\ID PTTOTOGRAPHY STTE POS]TTONS

"Rufur"r,."e rad.ius = 938.5 n. mÍ.
bvollr*" II photography site.
cCurrent photography site.

i_j

Launch date Lunar site
name

Lat'itud.e,
deg

LongÍtud.e,
tleg

Altítude,a
n. mi.

Nov. l-l+

Nov. 16

Site 7
buescartes

Descartes c

Fra Mauro

Site 5

Hipparchus

Fra Mauro

-2.9\25
-10. 0

-8.8t
-3.7333

t.6t\o6
-'t+,6667

-3.7333

-23. 4l+333

16. o

l5.5667

-TT,50

-\t.8ggz
-3.85

-LT.50

-I.I9

-r.25

a,



5 -18

TABLE 5-XVI.- IMU .ALINSMEI'IT CRITMTA AND NEFSMMAT DEFINITÌONS

Appllcable
naneuveta RF'SMMAT

A"linenenü criteria
(IMu axrs) 8em¿rks

Launch
TII
T&D
MCC-1

Leunch Pad.
(cna onry¡

X-axi.s along launch aztnuth at pad
Z-exis along negatlve rediua vector
Y-axis completes rlght-hand systen

A¿ eæth leunch, the FDAI will
dlBpla.y rolt = 1B0o

pltch = !0o
yew = 0o

MCC-2
(qybrid
transfer )

MCC-3

I1IC (passive
themal control )
(cSM onLy)

X-ffiis in the ecliptlc plane and perpen-
cticular to the earth-¡noon line proJection
in the ecllptlc plane at the everage time
of transearth inJection for the nonthly
leunch windov and aximuth range.

Z-exis perpendicular to the ecliptic and
directed south.

Y-axis conpletes the right-hand system

Aü the beginning of the Barbeque
mode, the spececraft v111 maneuver
to an FDAI display of roll = Oo

pitch = 90o
yev = 0o

MCC-¡+
LOI-1
LOI-2

Landlng site
(CSM snd i¡,t)

X-axi.s along positive lunar radius vecto¡
at landing site et predicted landing tine

Z-axis in direction of flight peral-Iel to
tbe CSM orbltal plene and perpendiculer to
X.

Y-axis conpletes the right-hend systen

sme as above lanalfng slte allne-
nent

At nominêl touchdol'l¡' the LM FDAI
wllt display ro11 - Oo

Pitch = 0o
yav = oo

(Âctua1 touêhdom yav and stope t.ilt
will be reflected by the FDAI. )

DOI
PDI
Landlng

Speciel
See footnote at botton of

table 5-1V.

At burn ignition, the FDAI vil1
display rol-1 = Oo

pitch = 0o

Yav = Oo

CSM

pLane
changes

Preferred
(cstt onty)

X-axis alined. vith the spacecraft
X-bod.y axis at the vehicle attitude for
ignition with the thrust directed through
the center of gravity.

Z-axis in the plane fomed by the X-axis
and ¡nsition vector and dlrected dom
tovards the moon,

Y-axis completes the right-hand system:

LM
lift-off
rendezvous

Lift-off
(csM and LM)

X-axis along positive lunar ra¿lius
vector at landing site at predicted
lÍft-off tÍne.

Z-axis down renge parallel to the CSM
orbitsl plane anal perpendicular to X

Y-uis conpletes the right-hand system

At nominal lift,-off tine, the
LM FDAI vi1l display rotl = 0"

Pitch = 0o

Yav = 0o

(Actua1 touchdovn yav and slope
tilt angles vill be reflected.)

TEI Preferred
(cSM onl,y)

Sme as above Preferred al"inenent Sane as above Preferred remarks

MCC-5
MCC-6
MCC-7

PTC
(CW onry)

Sme as above PTC aline¡¡ent Sile as above HIC remarks

Entry Entry
(csM only)

X-axis is in local horizontal- plene
in the direction of flight at entry
interfece (\oo ooo ft).

Z-axis is down along negative radius
at entry interface.

Y-exis conpl.etes right-hand system

At entry interfece vith Fings
1eve1 local horl-zontaL, heat
shield forrüd, inpl-ace, lift
up, heads down, the ¡DAl vill
olspl'ay roll = 0-

pitch = 180o
yav = Oo

,l

")
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TABLE 5-XVTT.- LM BRAKING SCHEDULE

DURTNG TERMTNAL RENDEZVOUS PHASE

Gate Range,
ft

Deslred
range rate,

fps

First
Second

Third
Foi.¡rth

Fifth

6ooo

3000

1500

500

100

35

20

10

5

0,25

t

i)

J
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TABLE 5.XV]II.. MSFN STATION.CHARACTERISTICS

Geodetic latltude, LATR, deg

Longltude, L0NR, deg

Altitude, ALTR, ft
Range caPabilitY, SRANGE, n. mi.

Keyhole, FTINDC:0 = none
I = north-south
2 = east-west

RADAR
ALTR

RAOAR
ALTR

RAI)AR
ALTR

HAr)AR
ALlR

RADAR
ALTR

RADAR
ALfR

RAOAR
ALlR

RADAR
ALfR

RAOAR
ALTR

RADAR
ALTR

RADAR
ALTR

RADAR
ALIR

RADAR
ALlR

RADAR
ALTR

RADAR
ALTR

RADAN
ILTR

RADAR

rll!A-71 AZ-EU tP0lâ¡ LITR ¡ 2g.t12t1g62r L0¡tR r -80r4ót{{n{
r 39r372r SRANGE r 2!{00¡Or FlttlDC r 0.0
rCNV-31 At-Et- FPStór LAlR r 2å¡{817ó7r L0NR . -80rs7ó5t{
r {5.93¡{r SRANGE r 1000¡n, ¡1t¡p( r 0rl)
rBOA-02 AZ-EL FPQó I LATR ¡ 32r3{79ô{, L0lR I -ó{tA337t2
t 621339¡ SRANGE r 2!{00¡6¡ FllNDC.0.C
rcRo-08 AZ-Et rP0ó r L^TR r -2{r89ó389r L0ruR r ll3t7l72A9
r 78¡7{9r SRANGE r 23t|00r0¡ FIlNDC r 0.0
ItltL-7t I-Y USB-30 ¡ LATR r 28.509272r L0¡lR r ¡80.493{17
r 32.810t SRANGE.30000tìrnr F1¡NDC ¡ ¡.n
rBDA-02 X-y U5B-30 r LITR r 32¡15128ór L0¡¡R ¡ -ô{.Á58lrl
¡ 68¡9Ol ¡ 5RINGE ¡ 3OOOO0r0r FIlNDC - I r0
rANG-9¡ r-y US8.¡O r LtyR ¡ l7rOl69l7¡ L0tR ¡ -ótrt528q9
r l{l¡083¡ 5RINGE r 3gggg0¡Or FTlN06 r ¡.¡
rcyl-0{ x.y u58.30 I LAIR t l7t7órt53ó¡ L0NR. -15¡A3{8t{
r 5ó7¡ól3r SRINGE r 3¡6990r0r FIlHDC r l.o
¡ACN.75 X-Y USB.30 I LATR I -lt95{79{, L0t¡R ' .¡{¡!t7lZB
r 178{.8ó{r SRANGE r 300000r0r Fll¡lDC . l.rl
rCR0-08 X-y USB-30 r LAfR t -21t 90ô578 r L0¡lR r I I 3r725.lqB
. 65¡ó20¡ SñANGE . 300000.0r FTINoC ¡ l.tì
¡Gtl,f-2{ x-Y u5B-30 I LAlR r l3¡3¡057S¡ L0¡tR r ¡{¡i¡1J69t7
r 301.852r SRANGC ¡ 300000.0¡ FItNDC r lr0
¡HAIr-l¿ t-y u5B-30. LATR t 22t12á307, L0lR r -¡59ráó5ô¡9
- 3776r{3lr SRAIJGE . 3O00O0of)r FrINDC = lr0
rGYtt-l{ t-Y US8-30 I LllR r 27.967?0ó, L0r¡R r -¡10¡7208Ç0
r' á2r339r SRANGE ¡ 3OO000r0r Fll¡'tDC r lr0
rl'lAD-23 X-y USB-eg ¡ LAlR ¡.{0.{5{992, L0tR. -{rró79q{
r 2553¡930r SRANGE ¡ 5OO000rftr FrlruDC.2.0
rH5K-25 X-y u58-85 I LalR r -35¡S83{9{ ¡ L0r,¡R I ¡ {8 te lê2aá
r 3755¡{33r SRANGE t 5OO000r0r FTIIDC . 2.0
rGDS-28 X-y uSg.85 I LAlR ¡ 39¡3{¡5?{. L0NR r -tlór¡73200
.2976r195r SRAtl6E r 596660r0r FIINDC r 200
r PARKS AUSTRALIAT LilR r '33rOOOtl¡! LONR ! l{8.2ót67
ALfR r 1230.375¡ SRANGE ¡ 300000.0r FIlNDC : 0¡0

¡ INSERT Snlpt r LITR r 28¡000 ¡ LONn = -{9¡000
ALlR r 0.0. SRINGE . 23{00.0. FTTNDC . 0¡0

RADAR

ì
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TABLE 5-XTX.- MSFN STATTON IDENTIFICATION

MLA CB

CNV CB

BDA CB

CRO CB

SH]P ]- CB

MIL SB

BDA SB

ANG SB

CY] S3

ACN SB

CRO SB

cl/üM SB

HAI4I SB

GTM SB

MAD DS

HSK DS

GDS DS

Merritt ïsland C-band

Cape Kennedy C-band

Bermuda C-banct

Carnarvon C-band

Insertion Ship

MerrÍtt ïsland S-band

Bermuda S-band

Antigua S-band

Grand. Canary'S-band

Aseension S-band.

Carnarvon S-band.

:

Guam S-band

Hawâii S-band.

Guaynas S-band

Madritl deep space

Canberra deep space

Goldstone deep space

_)

)
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