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SUMMARY

1. TITLE
A Technical Development on the Computer Programs for the Orbit

Maneuver of Artificial Satellites

IT. THE OBJECTIVES AND IMPORTANCE OF THE RESEARCH DEVET:OPMENTS

Once a satellite has launched and if this satellite should be under
control, one should be able to track its orbit over its lifetime
firstly, from its moment of launch until it engages from its transfer
orbit to the regular orbit, and secondly, the entire time span over
which the satellite works stable, and lastiy, the final stage in which
the satellite disengages its regular orbit either to land to Earth
fling away into space, To meet this need, therefore, along with many
support facilities, all kinds of softwares should be developed to
determine and predict the orbit and to control both the orbit and the
attitude of an artificial satellite, Since these software systems
consitute one of the main parts of a space technology, a control station
on ground, specifically the Flight Dynamics Section, should be equipped
with them well in advance of a satellite launch.

The objectives of this project include primarily the development of
the maneuver system, which controls satellite orbits to work stable, on
the basis of [SSA Orbit Determination System(I0DS) to be already

developed. The orbit maneuver system to be developed will be used for



will be estabilished in the near future.

s/w package. On the basis of the first year results and the simulation

The second year dedicated in the developwent of orbit maneuver

of geostationary satellite station keeping.

I11. THE CONTENTS OF THE DEVELOPMENTS

The main contents of the project that has been carried out in the

second year include the following,

. Theoretical research about station keeping dynamics.

. The development of orbital maneuver s/w package.

. The simulation of east-west station keeping and north-south

1V, THE

station keeping of geostationary satellite by using of s/w

package

RESULTS AND SUGGESTIONS FOR THE APPLICATION OF THE RESEARCH

DEVELOPMENT

Ve

have successfully completed the project planned for the second

fiscal year.

The results are as follows :

A,

We analyzed and discussed the dynamics needed to the
geostationary satellite station keeping
ISSA Satellite Maneuver System(ISMS) was developed. For

general maneuver s/w, ISMS considered the spacecraft data

file as external reference so that though the spacecraft was

changed, 1SMS could be executed with others.



W¥e were simulated for the East-West and North-South station
keeping of the assumed geostationary satellite placed in
116° E.

The results, which were produced from six months simulation,
were checked by that of the analytic method and were
confirmed to be successful.

ISMS could be directly applied for a practical satellite
maneuver and played an important part as one of the FDS s/w
system with JODS(ISSA Orbit Determination system) already
developed and Attitude Determination and control s/w system

hereafter developing.
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ejsig mjolod gl o % el Jotel s 2 AE¥el "rh ey
olalgt HEAL gl Hetd Aol ulel HelBe o £ e ¥ 7559}
S 2555 IO QtAR) §lxloln B 16528 §4 MEE ¥ Horagt 9]
s} 9e o 4 glthBlitzer, 1965). ojeigt $ixe} ofmE olsistrl §FA=

tesseral harmonics 3ol o8 AFa S wh= Bx9idel 25 Annd Aok

Unstabile

Longitudinal drift acceleration (107? acg/dav?)
-
Lad
he

120 - 300 400
Longitute af the satellite (deg)

03l 2-4. 23] Y42 tesseral harmonics glofl 213F 2]/
A wWe] 714 (Agraval, 1986).



28 2-5a004 v fIdMe] AEsE Ao olew MM tesseral
harmonics 2] HF Y2 T transverse 745 E Wy Zojtt. o] FiE 17l
2-30A = alRel 1AL S ulara) witfo) g gAiaje] HE= T4l o}
2 $1gA2] iR Aolm M g)dale] HZIR BolrlAl Heh o Az
AT9e] BHAE Hokg o) 914N sy ARL ERow SRt #1444
2] AR ZBET Azl o]2A HM transverse THEEE 0] H 14dA12) als)
B ZEE Asoll )& ®i7A] transverse VH&Ee AE3 wicjlgo g 2tg sl
Fl8Ae BuAE AA H2 g AR Apx} dojA Aol Aqof
Aot 22 gre) AnbEzt 2HER0E A bk & A3 Az ApoloM e
transverse 7}53EE A9} A3 Ajojoja] ke Ric} %322} transverse 7149} Ak
Bk 2Elm Agold FEHE g)aiae) TEEVH L Yyow Hisy
transverse 7}52E goug  oldxe] AmAS Axy FAF7IE ZoAAM A 3

BA Aot AEA 217t W W NB2T 2T 2Y 2 50004 AzolA
Ny —

)

APPARENT
PATH OF saTeLUITE

SYNCHRONOUS
RADIUS

x = Y Ay BE
o = HMHT Y Aw

3% 2-5a A F2] £ XelMe| tesseral harmonics %ol 213F ¢]Ada)e]
H R 7% (apparent motion).



= ygao] 0o]mE P AM(stable point)olet Tt WBHL AFHEFHEH

T

12 Ao glom EehEH(unstable point)e FMAEF Aol glch. 1®
9-5bis 7] 2-5a% QUIIRY AS A, SIARE 2] &) FA] AskE W FA4
A 9IXe Azolch  §jeld ARHRel FAedel st ZEL tesseral
hamonics 32 4% wlFo] WaiA ®rh weid BEFUE A HEA
Aot ASE YL Belulel FAXFAC SIBE FNHA FHYY HAEI|
g asict,
3. Elope] HAllel 23 4%

gjore] Batele A4 BN of APu|zt 2 ANl 98-S 2A A
oh weld BAls)Ael £5& 714% o eferel Hakglel oy EdAE I
Zojo} it} od7lME Bl Aol Azt s PP A=A BE

mo] P Wrlo] glriz 7RV ol AFslIME felrt WeEste U



o BYUEE IR Qo] HAlYel A% 4FAL 7y 4 Ak 23 2-62
Efe] BaAllol HIE 5ol X AAE JERith  Falde #4A7 As
TE& Bhe T dSHo2 AR, YD ARoIMT TR Prf Ale
F8M7E elgolA Hojzlz $1x]oln] o] f)zlollq Baleke #l4Ale] xe] =)

& Y3 FA el olebd A4ME olUAE €A 1o gdAle) AE AR

DIRECTION OF MOTION OF SATELLITE

DIRECTION
OF ORBIT
DISPLACEMENT

DIRECTION

L e

v

@)
SUN

2% 2-6. eRFEAllo] 2t $14dA Az W}



Az Brp. o] AU M AEE 27 260l AR Avke AMeE ™
o mpiAE AAAZE BES AUz o, Bate sldAle) EEEu uy
sog xguch et dAAE odUAE A Hi AR Holzt EebAM
932 26014 BRE ALk= BHoF H AEFUS FlA B oleiRE wHe
= g)aAe] W BE el Halle] dgg 1Y 4 dlom, el XY
2a0l waro gt gl AE AL 377t HYE ¢ £ vk wEd 4
MAe) olalgo] WshAl H 2 Mgk slgAel B of Alakel vl vlegch
2 7oA ElarEAbdel 2yt olAlge] WG 8 4 irHShapiro#} Jones,
1961).

mra) =]} efate] 2 Ele] elw thE dEYel Qi sk, e &
Apore ejaae] 2aE AzlE #AAA s1EMEG AFet FESH Y Aotk §
ant the $7H] o]l4® slofd ATt et AsE e o} =r}(Shapiro®}
Jones, 1961). 77} Bt Faloz AT 7] wiRol eletHAYY UBS
A WEWol thetel A%RoT uigch ol &Y 6748 Fol efge] A
o Ao} o s HgsiA Hol TAFE Azl AR YAF AT B
L owiate] Uehdth  mheid 2AR Azl ejeke] Haiere) Wl weh AFShA
fch. Ey, A7 v 238 AEae) shial zonal harmonics % #1734 A 2]
228 A9(Q)E HINAN FAEYTo] HASET Yt 1 AAE N S ALQt
o ~xog we g)x7t WeA Hol glelld dgw 2 Azl WAl v
ehdch  2AA A7 M) met oli&e] 27| WalA =2R Afo] #1384
7} 9AES 7Eckd 23 2.8 RRel ok Vg ME] 7l occupied focusHE]
cccentricity circleg whel WRICh(Pocha, 1987). Occupied focusollA ellipse
centerZ}®]e] Azl AA] olalgel A8t Zom o]A&HE7l eccentricity

circled $H] i o 1do] Ach FERYe] WA HE Eforel HANE



LA S N A e By RS B G M m SRS S S
0165 |- [ECCENTRICITY OF ECIIO I ORBIT]
THEORETICAL| _A/M_ {cmijgm)
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2% 2-7. el EAttel 2%k o4 82] ¥ H(Shapiros} Jones, 1960).

Path of Ellipse Centre Eccentricity

Circle
‘~...\ Occupied

Focus
Occupied

Focus

Al ZE tofl ] 9]

Ef oxe] 2]

2% 2-8. ehgEAltel )3} o]4lg WEle] T (Pocha, 1987).



APOGEE
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SQLAR
RADIATION

PERIGEE

a8 2-9. $18Alo) mxls elgEAlglel o3 271E ¥

aNe] AAg AR BE NEeAE FAL $ e BE2 @
(Musen, 1960). olgj¥ WE8 42| HEHE Polyakhova(1963)7} sjq ¥ H 30
worch o] Molai efere] HAlglol s sHE dug A e HEa
ojalge] Melnt MHEE itk ot AMHOE r}E Axsse WHATES F
ASE ARG AT 98y nxx] ¢7] BEelch ¥ 2-9ol4 el¥
2aele et g Heg gldAlel ¥ gy Pocha, 1987).

F=Tecos f+Ssinf
0=-Tsinf +Scos f (2-22)

QollA f= flAAe] Mooz, Fi EldEAlel ¥ ¥ 7MGE, St WE UY

75 %, T transverse '8} 7MEEE vepdch s (2- 10)41& ol&3ld T

S48 ¢& 4 Ul
de (1_e2)l/2
= [Ssinf + T(cos E + cos f}] (2-23)
dt na

MA9AHe A ex0, E=x fO]BR (2-23I4Z thgAle g gl
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2" 2-10. BA9]dol o]R)= efore] radiation fluxe] AAe) o}Z W3}
(Maral2} Bousquet, 1986), o] J-olA ax= 14U, d=z])3e]
Eledzte] A=Ae], §& efore) fEe)c),

de 1
E—:——(Ssinf+2Tcosf) (2-24)

na

S12]3 (2-22)4)E o] 3t 1AL rlgalos HE R}

de 1
—— = — (2F - S sin f)
dt na

223 2y 2-804 S = F sin f ol
F(2 - F sin2f) (2-25)}

o & Aol "rh  (2-25)Alo)l4 o]alge) Wsle) VL ol dFRe) el

RN Y Weolrt, w3 ejPEAjte THE3} W] ERHL)
A 1 +R A
F = G(—-)( ) = G (—) (2-26)
M 2 M eff

7IM Gz B Aol oit elore) Halele) Ztog 9.1 x 10-6 N/mola Ax
BBl el sldale) Ha(n2), M2 91422 AZ(kg)oln] RS 91418 &
B ORARgOIT 07 2-102 efore) $1s9f 27} gled Aol Aely) g4z 9
ENe] EAleh WE Ro EcHMaralz} Bousquet, 1986). walA (2-25)4)2}

(2-26)4& 71231 eokBatelel o}3} g)ada)e) olu&e] W FU 4 qr}.



A 4 A AEAe FehE AEE AAlE Y

1. 7 8

A7 2 L] zonal harmonics Holl &3 A el € FH A
sd oEe] 9AMY AEasE A= ZAZF a8 =7t sk "l o] g
o FEasel Wtz sldAel AmEA 927} uiHA s} 2 Azt 21PN
st 97t gelxA ek Axsde B3 £l fdds A 3 Aol M
Az Wapd Aset ohlet st HEE 8§ W ol QAEF s} st
ol olaldt AUE AL WY X Rl Pt

o] MM X7 ZEENH2] zonal harmonics ¥} ehst & FHof
o AEd ool Arle fdAe] AEes Nl chsh dRstaat ok =

2 glale] BE AR} HehAnt of Mol elda2] Y 1= ™ glof]

a kg At AT A Y AEeh 35N T | Ay BF
7 MEare M ddustg Ftelcel
2. 2)7¢] W]clA XN zonal harmonics ol 2T HEH

A 2e] wjcha ZHTAM AF iRt AP 22l dFHgel WA
19574 o] Fo] H]2A WS AFHATE 2 olfi AMA $52 BAHS A
e 2uwg AW FRY 4 o] Rk oA dAgA £52 3
gl 3lztEo] A|P2] zonal harmonics MEgre] AFE A& (King-tele,
1960: Newton et al., 1961; Kozai, 196la: Izsak, 1961), 3§ WPHoEE =]
2 zdag AxslER w=dstelri(Barrar 1961, Kozai 1962). Blitzer(1965)ci
ojshd A8} 2YEeML The I} 2o ofdf it 4BE FAF Z(1988)0) %
7150} et

e o n de n
V=-——[1+3% X (—) Pum{cos@){Com cos oA + Sam sin mA)]  (2-27)

r n=2 n=0 r



AZIM & AT FHAA 7RI Al AL fHMY AT, ues O,
O f193M9 $1%. a2 A7) LA, Cond S A7) A2 EXo| m}E
30} 3l Pam associated Legendre T}3tdlo|t}, Zmof TLzlal e H 4 9g

§ (2-27)4% ThA] 29 thgalg dir)

Ie w© R n
V=- [1 - X Ja (—} Palcos@)
r n=2 r
© n R n
+ X X Jam(——) Pam{cos@) cos m( A-Anm)] (2-28)
n=2 m=1 r

A1 Jam = (Cam? + Snm?)1/2
BAnm = arctan{Snm/Cam)
olch.  (2-28)AeliA Jz21 = 0, Jz = 1.083 x 10-30]0 T}E BE AL o 377}
10-62}2) 4 o|312] Zhe ZHeth  Jam H4USS Wol US4E 278 ZYTEHMS
B AR LA Eedl, U 85 252 Bl n = 22 o = 14 7H2]2] Jum
Arghge]l Bl cHGaposchkin, 1974: Smith et al., 1976). o]y%t x| ZAX
W4 EollA zonal harmonics B3 wfEo] A7l 1AM AL e el wWslare
Chebotarev(1964)2} Liu(1974) ol 2j3f s]xzjel whgoz Axggich =7
zonal harmonics 542 Jz o] 10-3z}2jo|3 C}E 842 10-6x}2) o|slo] BT o]
oAl J2 BebE 22{slod 278 zonal harmonics HEHPo] A9l AEL
Lol vlA = 4L AdWstaal gl J8hg 183} 27 zonal harmonics A
Y vk} Zri(Kaplan, 1976).
iedzre? G(r‘-I;)}; 3 15(r-l;)2 r

F o= - { + [ - 1 —1} (2-29)
2 r-5 [“4 rG r

(2-29)4& STW 2 EA o] YEo = vjehisd g3} 2o},



3[,( anr‘ez

Fg = -~ ———— ( 1 - 3sin%i sin u )
2r4
3#9;]21"92
Fr = - ——— sin?i sin u cos u (2-30)
rt
3[.1.9\]21'92
Fy = - ————— sin i cos i sinu
rd

A7 u = w + f ojH (2-30)A1% (2-10)Ale] vhiydshd vhgat th(Agraval,

1986).
di 3”3-]21"92
- = - sin i cos i sin u cos u
dt r3na2(l-e2)1/2
(2-31)
dg2 3ptelore?
—_— = - cos i sinfu
dt r'anaz(l-eZ)lfz
(2-31)A1  uol tisted BREHE thEH S dEth
di
P - 0
dt
dQ 3”0-.]21"52
- = - cos i (2-32)
dt 2r3na? (1-e2}1/2

¢ Azle Qywistormte Uehd Zloln Liu(1974)7} 78 el sin i = 022 ¥
Ao} & WX (2-32)A0]H & & glEe] 2|72 oblatenessoll &3 A5
2 A WE AAZE WAAFA U u FE dsA Toh Tl
B Axe) Whgo] VI o3l ARG A7A2H= Kalil3} Martikan(1963)0] 2J2}
2wz AEFACE e = 398,601.2 knd,s?, Jz = 1.0823 x 1073, re = 6.3782 x
10%m, na?(1-e2)}/2 = 129,640kn2/s, e = 0, i = 0%} r = 42,164km Zh5F (2-32)

Ao Tialsh Chel dQ/dt = 4.9deg/yr 3 BA Bk olely $ad A



Hufoll #1328 A= 271 uinA =2 2 de 94942 A5 9=
7} geRich
3. B9t 2 FYol 3 H5Y

Bl 2o £ dEel sl Hx9)4e) Az eL F B A Az
2 A B2 glo] WA AL o2y W) g9Ne WEHHS ¢
2 7F viHel 18 Ae] Hehd fi27) WelAch o) HelNi eforzt we) =¥ o
Tl & 918 A= FAzzt R Fxe Wiy Psiax) wp ywa
BlES) $3 A%l oy d7= 2497 g93 ¥ Axzyes ¥rs wyn
(Upton et al., 1959), Musen(1961a, 1961b)2} Egorova(1963) 5-& wz} efake] =
8 AEE U AR AEe4e] W U Alg dAPsidch WA 29
AEANE Fou7l 13 ke BAZE g o, 3 F g WA 71N ENo) 2E
A FEE 32 i LS SR iU B SEYHAS Jlestd tea) ¢
CHRoy, 1978).

.. ri n rj - ri rj
ri + G(m+mj) =G X m ( - ) (2-33)
ri3 i=2 rij3 rjl

A7IN Ge THEAY A rik idE ZAZRE AwE, ol iHw)e) Jiizy
=AELY Aelolrh. SNE w2 AHE 713 BAlo) ofsld me] LS s}
Ao 2EEBAE Uehdch  (2-33)20]M 28 Yo n BT A28 2EA
M milixg) BA m BAl mlAe dEo] Hrh meld shuie] 4EEx
(perturbing body)oll et 459 Fo& chga} Zo] Y 4 Qr).

rp - r U Tp

Foo = up - (2-34)
|f‘p - I‘|3 rpl

A714 upl HEEML FHYE, e NFFAIN ASBAT A2]



= e TRIYEolR rE ATEACIN A4ATAY Aglelth rlrpolBE
(2-30)A1e chg3) B Ao g vehd £ glth

Lp r o .
Fp = (— ) (B(rp - r)rp - r] (2-35)
sz I'p

74 e A EAle|A fATlAle) Thel AT WEolTh
uale WS AAL 428 ATE HIAE e g8 HEFdol
sxog AL MEAOh WM HE BA 1Y o, Nl Y 4%
Az guAlel AsETe] el Arel ML (2-35)al0] A7) PHHEA
A A Ae] HeEwe] g2lel vhe] WY AW%?': L& (scalar product)AlZ|H T3}
zo] @& 4 alck
Fw = Fp - il

3us T B "
= - r [ (I“Fs)(f‘s‘W) ] (2'36)
1"53

oy7]A Ma} s (2-35)Aloll 8] Mz} prjale] Koo efolE 2imch e W
& rs & ThE grl
‘:ﬁ':(sianini); *(costini).‘jwtcosil‘( {2-37)
re« = { cosQs cos us - sinf)s cos is Sin us ) 1

+ { sinQs cos us + cos{)s cos is sin us } J

+ ( sin is sinus ) k {2-38)

(2.38) Aol rel= X 70] THREANAN ezt ©e) AeHElE ojnlsla u
= 2xd 7ot} A2 Aolzkg vt grelrh  (2-36)He] (2-37)A12} (2-38)4 &
alelel AL Fughe (2-10)400] Q= dizdtol ThRRITh o] Akl QsE 02

2 8}31 usofl thz) BRshd kel A =r}(Agrawal, 1986).



di 3 us 1 r2
= { sinQ) cosQ sin i sin2is
dt 4 na? (l-e2)1/2 g3

+ sinf) cos i cos is sin is
+ sin Zus{cosQ) cos i sin is - cos 20 sin i cos is)
+ cos 2us(sinQ) cosQ) sin i + sinQ cosQ sin i cos?is

- 5inf2 cos i sin is cos is)) (2-39)
(2-39)4ollA sin 2usot cos 2us B2 Efare] FAFIY whof Mutsh= 27| (64
)& 7 o] oM ddusits asing BA)  wiepd (2-39)4le

Tyt o] Txhs] A},

di 3 Ils 1 r2
= ( sinQ) cosQ sin i sin2is
dt 4 na? (l-e2)17/2  pg3
+ sinQ) cos i sin is cos is ) (2-40)

B29ge] Foll i = 00)B& sini =0, cos i = 12 3} (2-40)4]S chez}

Zro] ¥t}
di 3 us 1 r2
— = sin() sin is cos is (2-41)
dt 4 na? {(1-e2)t/2 .3
(Z-41)AollA elre] S5 Yol 23t Ao A% Arbzie] Wsh= g)aine)
T Aol F2 gE2US o 4 Utk < WHo R (2-36)4], (2-37)Al

(2-38)42} (2-10)A)oll QUi dQ/dt Alg o] &slo] £ Axe] Wslgoe) chat ¢}

&3 ge Mg 7 4 Aok
dQ? 3 us 1 1
= ( sin is cos is cos{} cos 2i
dt 4 na? (1-e2)}1/2  gip i
+ sinlis sin i cos i - sin2Q) sin i cos i
- cos?is cos?Q) sin { cos i) (2-42)

AN A= Fabztel i = 09 o) dQ/dt Zhe FATiE Wil mely A



Aol ALHY AT Azl g 2 Wi (2-42)8& AHEY & gdrh ol

% Hol

¥

flo

I

hz

sin i cos(?

(2-43)
kz = sin i sinQ

= wpshd 29 4 Aok hel kol BalA olule HA ALEVE &3
g3 were] AMOIEE dhy/dis} dio/desl The FobE HdAel HEPAo) oi%A

Wal=a] o 4 Alth  dhesdt} dkp/dtoll TR Al The et PrHTaff, 1985).

dha cos i aR ky cos i sec2{i/2) aR aR
- - ( + )
dt [ wa (1-e2)]/2  okz  2[ua (1-e2)]1/2 3w e
(2-44)
dkz cos 1 aR hy cos i secZ(1/2) 3R aR
= - - ( + )
dt [ wa (1-e2)]1/2  ahg 2{ea (1-e2)]17/2 3w dE

7|4 RS ASYE, w=w+Q, £=w-nt T}
(2-44)A & W= AALzZbe| cislA AHzi(first order) TAMLSE Aelspd g3t

e 7yl Alo] Hrh(Milani et al., 1987),

dhz Fw
— = ——— {1 - e cosE ) sin{w+Q+f)
dt na (1-e2)t/2
(2-45)
dkz Fw
— = (1 - e cosE ) cos{w+Q+f)
dt na (1-e%)1/2

A7)N Fuls SN AxBdel e 2Agshe MEHY BTl Ee ol
ojzto|t). (2-41)A01A] us = 1,32686 x 101! kn?/s?, r = 42,164 kn, rs = 1.43592
< 108 ko naZ(1-2)1/2 = 129,640 km2/s, is = 23.45E0|3, Q = 90=4 uf di/dt =
0.269deg/yr olm Q = 270% Y of disdt = -0.269deg/yr oltt. 1A H2H 7
sof wet AT HAze) HEkge] AA deidE o 4 Ak

2 20] Po 29 MEHSol vl 4P E Lane(1989)0) ApME] et ol |



AN "o dEol o A8 AERL UHE Talr) 9siAa (2-35)21e] M
THTE o83l Ele) Ao 2 PR gl AT Yo anw A
el Qm = 00] oh =22 ejore] ZLHCh= & o BYsAC  (2-38)alo)4] Mz}
s& 022 TiASt] o HAY ko wRD o] uigl A3 (2.37)A1S (2-35)4)
o thelsted woll 2t Fv 2k FRTh  o|PA FoiA Ry S (2-10)40] 9l
dizdt Ao el I AAE u ol sl FFSA Al Qi=THAgraval,
1986),

di 3 um 2 ‘
= [sin(Q2-Qm) cos{Q~Qm) sin i sinZig

dt 4 na? (l-e2)1/2

+

sin(Q2-Om) cos i sin im cos ig

+

sin 2um {cos(Q-Qm) cos i sin ip
- cos2(Q2-Qm) sin icos in}
cos 2um {sin(Q-Qn) cos(Q-Qn) sin i
+ 5in{Q2-Qm) cos(Q-Qn) sin i coslin)

- sin{Q-Qm) cos i sin im cos im) (2-46)

+

(246042 un XU HF7192} JdHsbg JlA0) duuyme R Lk
BA982 B2 i = 08 (2-46)A0) thYstH thea} ol gt

di N 3 Alm re i . . .
- 1 (le2)i7z 2 sin(Q-Qm) sin im cos ip (2-47)

(D42 2o 9 48] 2ls) d3 Ax914) A= A4S Lehin),
"ol 29 Aol A% dQ/dt 4 ehere) A9} ulANE (2-45)48 ol-8-3t
Ch (ZAT)MolA 1 = 4.9028 x 103 ka3/s2, r = 42,164 kn, rm = 3844 x 105

km, na?(1-e2)1/2 = 129,640 kn?/s0]31, @o] W% AHajz} imE 18.30=0j4 28.60
SN ©el 508 AE Qud -1350)4] BE7Rx|oltl. W= ZAajzte 184

A FNE 1A A% Falzel Achet Nast Yoy weol S BEE 09 S



.hz

4 T f S SR LI PP

» ko

a8l 2-11. ASZARzE Y.

ATt webd im = 18.30%, Q = 9%, Qu = 024 W Ex  im = 28.60%,
O - 9%, On = 02 w W2 2 MBI A AP A= B U4
di/at ol Hcizh ©rh. 1 ATE ¢e) 39 AT ol A% ALY AL 2
Abzb wige] 2|ChZhe 0.478deg/yret 0,674deg/yr Afolol olTt. ERYR 2 %9
Mol ols) glaAel WE AAE 1dol ti 0.9 deg/yr WFE EshzU, I
2112 hy, kz ZE B uUolAel Hx FAzel H3ERE vehdrh(Tanaka,

1986).

A5 A ALY HANEE

1. 7] 2
gAel Fsta Axe] WS B st BAYR AAREE A
el flaAlel AEA ZAEe] Wgle A, A7 ZY XN tesseral

harmonics &1¢] AEol &3l A7l 98 Az AEe Hejet =4, e &AL



2ol oi3t S19M2 A ol UE W3} whEo] ATE A ol4E AL s}
A A= el f4Ae) Beld Fmol whet rien A4 W, BA) ol fz
A7l Ak ZE B9 94928 AT o8 E 2712 Fuizt Hod(Pocka, 1967)

#8A2 FAF7I9 2 712 A0 4 oo g I Iy} Wy,

2. 179 tesseral harmonics HEeol thE FAWE FARE

2|7 FYRENE tesseral harmonics 32 HEYol 23 A7l gae) A
RPEe W3g 2As 7] flslAs Az A58 uie] 24 Hr) ojAlES
MEA7IA] oln AF Y 3715 M= whe e gl amiAe 9 A
A st fA]delM AT $58 o AA 8 Zoh ST FAYHES ojAlgo]
Bl ol HARE 7BRBE ¢a)o] #AIYe] AE FEF ulRo] Folw Hr}
(KaleS} Pangarion, 1989). wehd 217 Ew82] tesseral harmonics 3¢ MEa
= FHAA 2 S A8 A=Y o gAML Folx Hu),

Al SUERNAL) tesseral harmonics HEFHo) 23] A7 Ao HslA
BEe] drift acceleration A 2 93& LeHe A4¥ Qb e Balsan(1969)z}

Gedeon(1969) & of2] ¥Y=a}Sof o8] Falzon 713t & Bt DS o= o2
UcH Agrawal, 1986),

X = - 0.00168 sin 2(A-As) deg/day? (2-48)
ol M& (2-19)4ollM Az22 AEE As ZLEE uPPo] 2W o} RA7IM Ase ¢
U BESZA 75" F 2F 255° E 7} Bl AL $]42) shd Axolr},
Aoiz FIAG REdfo} she ZFEoll, AAL 148N A #Hlrl 8gs)i-
%gelol, longitude drift acceleration A7} 22] 2t 7HRc}n & o, M& Aol
AR AARE L T 2-129) Pl WERAL AR 2IHA, - A A)ell
A 9140l Aofl drift rated 2 o) ZTh o] A, ) VL A7) SHIY
(Ao + AA)oll Ql& wh 0o] HES ZAAHUCL 5T IV drift & g o

AUzl AlHsta $1dol 4% bl B Wl drift ratel= - A, 7} ot M% 3



e ——
|
West Himit + '\,—\East limit
. - - A
TAG - AX Ag t AX
I
o
-)\OL,/

a3 2-12, SANEF A RE

ThollA] IE rt}lr] gle] v HiNSIE & =2 & 3| £rl. drift acceleration
W7b 2A AT7bo] Zguel oJshA drift rate Aoofd 00 Wyl welA Tl
& Aol 4yt

0= Ao -2 |Al 244 (2-49)

[ram Ao =2 (|A]A A2 (2-50)
aegl: TA|ZE Bt drift rates iooﬂ)"] -/.\oi W2 g ch3le] AGYict.
- Ao = Ao - lﬂw T (2‘51)

(2-50)4& (2-51)4el thdshd vhaX & 8 4 Adch

[ AA 1/2
T = — 2'52
| Al (2-52)
aeln fAe] BEAEE(n) AT FE(V)E theat 2ol vehdcl
;191/2
n = (2-53)
as’/2
2 1
V2= pe (— - ) (2-54)
r a

A7IM e = OMB, a 91448 AMFOlL r& 94T AFFA Azlejch

(2-53)218] F7HES thazt ol & 5 qlch



3 uel/Z
An=-——— Aa (2-55)
2 a5/2

2]

n
gy
o
ra
P
4

ER NE2AF5 f14Y Az r& v§ 2F HIIER O He
9] &2 theat ol Xy ¥l

Ila

Z2VAV:= Aa (2-56)

a2

(2-55)A18] Aag (2-56)of cidstd vthsA& deth

al’/2 414172 a’n
AV = - An = - An (2-57)
3v 3V
BA9182 A%
a - 42,164 kn
2n
nz——————— rad/sec
23.9 x 3600
V = 3.074km/sec
olm g
AV = 14,019.24 An ka/sec
=2.83 A;\ m/sec (2-58)

A71H AA o TS deg/dayolt). AE ZAE & WOIT} 220 TF2 ] drift

rate W37} WRBIZS A X = 240 7} Slof

AV = 566 Ao ms-!/maneuver (2-59)
7} 3 (2-50)A1& (2-59)A ot el st

AV =11.32 (|.)L.|A}L)“2 ms~ 1 /maneuver (2-60)

Vg o 4 Ak ® YUFAL AV uske TR Yok



- 365
Avlyr = 5.66 Ao — ms"l/yr (2‘61)
T

(2-61)A ol (2-50)13t (2-52)41& thdstar [A| oAl (2-49)45 chelsha vheat

BE Mg de=rHAgrwal, 1986).

AVlyr 1032.95 |A| ms-l/yr

1.74 sin 2(A - As) msl/yr (2-62)

oA QI oko] FaUErel x| RFo] YRY HE= ¢4 FBxof Y&
gl 2y 2132 Y AL 7|eoR $149A9 FstE ol wE A 7
T2o] WEgol tidt Mol HFPY xl= F7|& vehtHMaral 2t Bousquet,
1986). 1% 2-14%= SAUR QIx|EFof oY Hx W3S 914 s
AEol Y42 AEsi 13l 2-158 SN HNEES A F71E H8A
o] A5kA Axol thsle] AT Gedeon, 1969). E 2-lofAE A A Wy

ol whet YWayt srwste} FAE ARES ke ATAE eI

aL
at
06—

. 05
A
v
L 04
=
= 03
2
5
2 02
"
o
(&
1
o1 J
Period (doys)
(1050)
O b Y t L. L 1 -
0 10 20 30 a0 50 60 70 80 90"
Paint of stable Relgtve longitude (degrees)
equihbrium
D13l 2413, AAL yFow ¥ AxglAe] A HI(Maral 2} Bousquet 1986).
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I8 2-14. $178A2] 23 BT uE T xR EZ Wagt 4t &5
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2.0 FADIANH . OLADBALD.

200 OF Lisil 0Lt (Davs) FOR

R

T dgp ONLY

-

e dn

s [ W 1. i 1 | | 1
i a0 2] 120 o 00 40 780 b} 362
LC*:SiTUDE OF SATLLLITE

38 2-15. $19A12] 23t Aol oE AU IR O Ax ZARI).



E 21 FAYY HARE iyt Yoy S=Hgn Y=z A0

Longi tude AVmax/ Minimum Time Interval
Tolerance Maneuver (m/sec) Between Maneuvers(days)

+0.1 0.15 31

+0.2 0.21 43

+0.5 0.33 69

+1.0 0. 46 97

+2.0 0. 66 138

+3.0 0.80 169

3. el SARRlol izt T4 W fAuE
A AT MY efGe FHARNE 9732 o|dE&E ubFe Fuh 9]
B3t o] HE2] HEE AT flolA TAUUE uf #EdA et B2 AA =2
3o AES R AR PeEGeR Wl 2 F7| 8ot Pocha, 1987).
wieta efdEARytel gt #23Ae o] HE Hiks A3t A=l Byl A el A
g vt 2E= 0.03% UHEY F& BT B M fl4dAY sixE
E5H7] IBiA = ol B Fdidlel AA G E niR& efFFAILYS z3|of
Y 2+E 5, 1986).
el EAletol o3l A7l fl9AY ol & Hiks 83 el Wl 43
YHLZ dofdrlh mriN FALE HEd A= FE WUS g w¥y 2
& 3 A3 olHES uirgabdel 2l Ay st vl ZA HAchnt
Th] #Az|A Bl o4 Eo] AR O A o AXEES F¥st A=
A&el wgo] g Yshe dall Wye] HEF Pch. Ao 2o e} E T}
Al A= B Wz} ojdEol el Falgdell ozl A = ol gFe] %t
ol Eety ol $IXRES E ch] FYCH ol¥ AP S AAIE] dEshE T
&3 gtk A EY] AU eor1 AAY HTHSEFE TSt As] AR
BH, flgAe] ol dEZ ARfdolete Y] 02 oh2g, 17 2-16004 K

o] Aol o]AIE ME)7} Ao SARTIR spaL o] AMoIN HE2] A PR



Elod WRE Awo TEL Al|zte Z=th  Teiw ejokEalael sy olUE
e 189 2-162] eccentricity circled ule} AMofja] BROE Z2icl, &, o|A
£& olAtht WA AAM BROIA ewor T olATh  ol41E Wel7} BHo
ol o, WSS TE WA el Tl Awed) AliZg A B} A

o] ElFHRELE ¥ 2 EF oA Hrh BHEol ol E HEVL A& of oj4E
8 Arle iR Fa A= AE YU AL WY LEF vipeld ojdE

)

HEE Afol 27 ¥tk 2d ol dER o] e Aol o)y H
E Z& et ot FAUe g2 2]z} Pt

TOLERANCE CIRCLE

QCENTRICITY

- ORBIT PERIGEE CIRCLE

AT t=0

t=0 SUN AT ORBIT PERIGEE
AT t =tc

2§ 2-16. eforEAlote] cfi¥t o) & ZAWIH(Pocha, 1987).

ol HEL] AIFL ecoro] HMAH P - 365.25/272 YAIEE Awod I 2-16
oA chEat ol Y 4= gr},

Awse = cos! (eto1/P) (2-63)
ojHE HE7} A¥elM BHOE 7= 5 UL 2sinl(ewo1/P) THE W

2 e gEAltel iyt A= 23 A3EL ohe3) gk

m



1
te = — sinl{eco1/P) (2-64)
x

& s th&a} Yh{Pocha, 1987).

AV =V; ewol sin Aw {2-65)

1) 2-168] A™ME $149] Asel hsia e a3 2-172 geh 22|a ¢l

ARG 517 HE ARAY gAE 2 2178 F ALY 4 ol Al o

t}.

¥ INTERMEDIATE
ORBIT BEKORE oOFBIT
CORRECTIQN

ORBIT

AFTER
CORRECTION

z

TO SUN
a7 2-17. EfEApgte] oyt A==F.

4, AN YEZA WY

S Aurek oA R &L z]2o] vic)y FAXNE2] tesseral harmonics EAS] 3 3

arEalate] o3 BT A7l 24 AsiA Axe] WS AT Al U

o2 fRAANA F7] AT Adelrh

7 2-18& A b 29 Wy A9 A7 uoy FAEWA tesseral

harmonics 8ol ol¥t ME ezt eloyEAltel] ¢ HNEHE Bl BBAA F o



o] &% WE|Z Uepdch Ao vt 2HFelAde] tesseral harmonics 8ol
et M5 BAL 2144 WY ox Rojd stelx E| efFHalgte] 2%t A
T8 B O7 2-1700 AER RoiMut & 4 Qlch. JBR el dHAl
AT MEHE B33 T A 272 FHZNE2 tesseral harmonics ol
A AEYE RES W ¥k ulEM BFHoE AVs, + AVD UFY HES
Az gyatoz ofs) T3 ol VHolMs Avsp - AV T & A= WY

o2 s &oh.

FULL MANQEUVRE,

ie. MANCEUVRE @ THIS MANOEUVRE

PERFORMED !N TWO
- HALYES, ie .

AV, MANOEUVRES (D + )

by ~ '

av AV

AV, 1 e

T3 SUN

¢ 2-18, tesseral harmonics of 2]3F Mz} gfotEAlgte] MERES T Ao
HAFE 2o SE9y.

A6 H JRUE HARE

A 4 Ho|lA du¥iEo] 2|72 zonai harmonics FH2} el we] 2
Yo 47 s14 A= ZAAN s Zze VR < fdAe] sk
=7t uiplA "ol o]t Ak = E Ay g ol YEE =AM 3= 2t

& GFEY AR Eolet ¥rh  FEUY fARES AY As AHAlRe 23



3 FA A 18 2P A=E 27 Fo| THHLE AT BARE ZF 8
2t
BA9142 B9 ol d&3 71&717t v FHoby Fole] 47|n2 o] FolH
& Slol = WHE AU AR A 2 FEE oj8%lq thE £ &
= B osiAt
hz = sin i sinQ kz = sin i cos Q (2-66)

he7t ke BT 9149 2 5T xEE3 y 42elch. AA|94 A=

AAZE 0OIDET sin i ~ 19 B TAKE o8 (2-66)48 The ok
(Balsam, 1969).
hs = i sinQ} kz = i cos Q (2-67)

(2-67)A12] BAE 2o epd 23 2-192) el

hzW

S? y k2

2y 2-19. hy 9} ke FEA.

A 4 HollA o 4 ol%o] ¢dAle] s AEI Q = 210=Y wiofl efdt
2] 28 Mol 2a A7l di/zdte 39 IS Zerh welM #H48E Q = 270
E Aol o 1 g Ax A A4stA Hu ER 533 AEE
Zopzith, o]yt 82 27 2-2000M A}M|BHA Ko T} (Agrawal, 1986). #4d
A2l HE Poleg Aol Aol Fid, o 2 A= ZAA 38y 83

g FAlo] Q = 270 TAjolch  efekat Wel 2AAME x| 72| zonal harmonics



of 2l3hA 21492 i of Q grol ZhastA "t wheby #143A2] A Pole2 1
¥ 2-2000 ol W] FAUTAE AV EA QE 0xkolA 1805 Aol & 2
ol A 4 Aol e 24D (2-47)4olN & & Ro| divdte] gk 4l 2
& ZIAA Hol i ol ARA Hoh i Yol Al AHAAA e14dAle] H= Poleo]
E A 3-gx]e] SR BHY oA =S uwl, SEYY HARES S
ch ivh Q ko] BEL e A HAS o SEYY fARES HFo #1449 i
2} Q o] cHe S REF ECE  FAY U2 fARE AFo] ¥ Y=
th AT SR BE Q S AY 180k A= HEHEA Hrh & J$EUy 9l
AEEE s 52 #1439 A7) iF 843 uel fAlstele ook
St ig A WA E Hel ozl Q I Y HHAA iF PFes W
StAl sle] HgA] Well i Al RA|AA Fcoh cHol &= #1489 it Q e
ezt o] F % 2178 zonal harmonics %o 23| DRoE KA A

olct. DM BHAM Y HLE PP WUEY yxBEL o) FH Hr}
£2=270° o= 180°

a=270%:0=0

23 2-20. 28 ul3F 9]x] BE(Agrawal, 1986).



SN YA REI JEYY AARES Y ul 2F X Ale]e] AT
& HiZ slod $142) FHEEL A8 dRE HAa¥slejo} Ut  uweld 2
o 2-2100 e 237 0 - 0 S Ak & H8 $4E& AVES 3
HENE YARES 3 F= Ao HlE AA Zlolth.  defM JFURo
HE T SIXBES $14Y A= FAatzol H&A oM Huig) imxE 7HE
3 Zrh 223 Qo HHE 180% A= HAAA Folo}f FjEE HHE WY izt
ig = -ie7} Brh A7 io WEE HRRES 3 T &2 Az FHA HH
olth, 2 imin FH BF 105 2252 HFDch  FEHYY HAREL A
AARz Wel7t 3 2132 F0FoA imia gk 01818 FUE s HAE AUES B
20 "ol 289 Ak A g 23l O 2-210) YEl inia €& §F
3ty x|zt Zolrt,

D7) 2-21, P AR EolN BENY ig 3= W (Gartrell, 1983).

AT ool 71271MEI7} ioehar she, BEHMEE vhe3} UrhCartrell, 1983).



LY

ig = - imax i0 = imax exp[j{Qo+7)] (2-68)
ig WE= elo), @3t A2 $YEE wol AT tof mie} WA L,

li(t)] < imex (2-69)
& &St ()7 EaAFA HH i duAl A" Aok et (2-69)4&
olEx] 2ol chez ¢S whHe R i 2 F¥cHGartrell, 1983), 17 2-219)
ZAoll 743 7irte] The A= ZAt WEHE ot shE Oy 2-2lof A8} o] iy,
ig - ic, ic WEIR} fg-iminic, iminicWEIE HY 4 Slch  Vector algebrad Al

&3l §QF F3td vkt 2k
a0 = tan'l{|(ig‘ic) X (ig-iminic)l/(ig‘ic) . (ig_iminic) (2'70)
o] §QF Qe(=Qo+x)oll tlal] Fof i B 7} inindE TASIEFH YTl
ig = imax eXp[J‘(Qo+7[+SQ)] (2'71)

o] YHLoR (2-69)A°] WEYH wi7ia] Wl i, HEE Herh
HEPE HARE et HEMY AVe ZA4FT(L) MM ALY +

e},
Lo = ro x (mVo), |Lo| = ro m Vo
Lg = rg x {mVg), |Lgl = rg m Vg
L(t + At)
Al
L(t)

I3 2-22. 27 7} %%, AF AEw 4 £Fere] vk #A,

Zh2Fare| HERE Fojlis AV AR HAHolBEE rg =rg =1, Vg Vg = V7] ¥



th upebd jLlol = [Lel = L7t Bl 4bzibgee} 4lzs) walo)y 28 ¢ £ 9l
cl.
AL =2 L sin(@/2)
mrAV = 2orV sin{ @/2) {2-72)
AV = 2V sin( 8/2)
EQ AAREY HARE Aole] AQIAS AT o17] A8 4 FeE

¥ WY A7 5F(north pole)& ALtof ¥k W 6 = 2i7 & ¢

AV = 2V sin(i)
V= Aajg]Ade] MEE = 3, 074kn/sec (2-73)

AV = 6.148 sin i km/sec

WHA ArRIEe] AR Q = 2705 = =M efode] 2 HFol 23
A dizdt = 0.269deg/yr 3EE& 7HA o ©@e 28 Mol oA disdt = 0,674 ~
0.478deg/yr Ale]e] gr& Zerh  mebd F dizdt S #Hol 0.943deg/yr, 2
0.747deg/yr Zt& 7HRCE 19719 %E 2003d7)2] dizdt Zhe] BF-E 0.8475deg/yr
olm $IAR I ABEFo A|HHA-E ch3t Prh(Agrawal, 1986).

2i

T = x 365 = 86l.4 i days (2-74)
0, 8475

(2-73)80lA & 5 Qo] EEUY HAEE] LAY 2= sin iof vlelslz,
EY HARE ANNHL A=A 12 AT Hele] wlalYE (2-74)2olA ¢
olth, 1y 2-23ciMe &F WA 9l RES U o uPe] & = FApze
oz} Joj ReY SeH3teky vlepdth(Pocha, 1987). X 2-200AM & AH Ww

BAH} Zlell wiet Yo S5 B} JREYY HALES Ale]d At ot

N



I 2-2. FEYY HRADE oy Wyt &= HIE) =2 A7

Inclination AVper/ Average Time
Limit(deg) Maneuver (m/sec) Between Maneuvers(days)
0.1 10.7 86.14
0.5 53.65 430.7
1.0 107.30 861.4
2.0 214.56 1,722.8
3.0 321,76 2,584.2

A2E ehdck,

AV {m/s PER YEAR)

T8 2-23. EREYY HARES Pay ddsete] 4 lak(Pocha, 1987).

YEAR

c-9

p-7
2000

Al (DEG/ YR}






A 3 1S54 Satellite Maneuver Systen

A1d A4 4

ISMS{1SSA Satellite Maneuver System): Q1Z$]del A=2AA] Yayt 24
(maneuver parameter)}S A|At317] ¢13] Zidsldch 53] IMSe 3teE A=z
A& A7) ¢l3 oy A=zF Ave|ed AL

ISMSt= o] $]Adol= el w3t Missionol= A& 4 ol kel A
T ZA S/W system@ 2 17 3-13 o] o] fAolu} FEAo T ol I 2
F#F2 fde] e s Rt f18A ARES R dEnd R R et
AN HEFEREE A4 + U F TIFHACL AF48 Ado] detHe

.
B oodRt QA b Apie] W= 5/C Al ¥ RARte R xR HE,

SLP FILE INPUT S/C DATA FILE
CONTROL FILE

CONSTANT FILE

GROUND

/ STATION FILE
S/C 1 SMS

EPHEMERIS FILE

\ ATMOSPHERIC
ERROR MESSAGE 4 DENSITY FILE

ASTRONOMICAL I

FILE
TIMING COEFFICIENT GEOPOTENTIAL FIELD
FILE COEFFICIENT FILE

OUTPUT

213 3-1, ISMS®} input filez}e] A,



£5 Seof Qlth

o ge 4y 2R
508 £GY 4% Q3 ulBAUA(FS) 8
¥ 4tk

olaj%} ISMSe] g ale] ZET = 3-29)

3} 3ol 2tz dndstlc.

A mEe

A 2 d IsMse] 4

. AN

TERF IBM PC/AT/386 Al HFEI(RAM 2 Mbyte ©]A})

B Alagoess A 298 + UES dA sHilod, IsMs

=]

B ugadlogw: AR

A 743 e

% 15270 223 utd ) 508 AlE ntdE 74 E IsMSY S/ANES BEE WA
o2 m2ass Hof glol 717} AW ZOUES FAY 4 olod ANYem:
S/ F3%d AA 3712 ERE Ul 2 S Y 4 Ak v T
H R FAE 2doln, thE Shve 7l 7o 7 3-33F 1Y 34, 2

A
> > s
F Z2YP Aol
UFA AR
l
[ |
Hx A0 AE 58
{Orbit Propagation) (Targeting)
= Az A4l = Az =%
l |
|
EndState File
A €
%) 3-2. ISMSe] £ T2 S g%



% 3-5ol 22 Uehy gleh
A IS A Hel T AMASE T2y 402 UHRE WA F

ZeIW F oo ¥ 2= T3 4 e FA ZE2IOPeE o] FojH Qlr)

2% 337 go| F mzoglel Isvs: 278 Mzl Hso] Ty 2o
of Wt BE 2458 2788l FAL ¥ 22U AU 4 UEF Ao

H4E 7HestAl ok oA Aeld4E Fole ¥ ZR2REL 44 5334

DZaREF JZAARo] 9lo] T M (erbit propagation)of WE AT ] A

FEga
2713
[SMS xg el
BT B x2e 2
He 212 84 He 23
|
= xgoe |
A A%
l 1
By 2z 2 BN mgoa 3 By zeoa g
Az IASE A T A 2R

|

M 299
xay

[ =4

Y 3-3. ISMSY] AaAj3Ql X2 Ty A



ISMS
I
l | I |
NEY F&F A=AL & A=zY & 71e} 43}
Ay 38
I
A& AxAzg L& R B
| | | L Az
U= 27]%} A1 5% 29
1 | mmaw
F A 2 HEE 1Y
HE A | =M 241 ] — chelEse
E R F E||443x #1744
‘1_13_1:;1‘__1201

27 3-4. AAAHQ Iswse F3E 34

2} NEFH(tageting)oll i AE2ZP S PPVl EZ 4 QY FHZ2IRS
2 2ol F590 A% o, AM FE AEIAEE, 222 HA=GHF
(A 2l IS oyl ZraPoz FTAE gk BIW 34
AA 4759 ERog 137 3-4o] vjepL} ARo] 91489 A=A FE, A=RE ¥
, Q&Y RE 23 7} £33 Ala BE3 Po] FHE 5 olrh

197) =t 2 F4E] thi] A& F23 #1484 A=

A7jel Royt 273 #E 23 A=AA FELE Ve, AESE FES

Mz

flo

1A 2] AEAA B2

15270 ] & 713w FE8S Axshe 6171 R s &Y ¥, A
T 2L 27|EY, A 1 BX 2, 13 A 2 BE BEYE vEs 5 Urh

ol A 1 BE B AEZAEE: AAJZEE Ur, A 2 FX 2P Ax



£
o
M
lo

BAFESY A =Y FEe® o] HEE 4 AUt gE =
A 2ol Ay 239 A=A Wt 2wy yF-To] AR 4¥B xR2
el ¥ A= Aary 2o w}2 end-state BpU2] &3] gt e} f83
A 22 vty £33 At Eolohuel, Al W¥, g W, J2ja 22
ago] Ay glelBe S AF3te FELE FE] Arh

opAlte 2 7led A4S AuEE 2E 3-59f o] 14708 el @9 TR
W2t 66712 Tl el TR, 27708 UEY FEE& XU 72719 S8l w4l
Z2OPEE FEEHAUTE ol&2 2713 JlF, AE d& L AN e Ax =
B e oE A8 T ZRIae F2 X230 oo} ol AR 74
ol ola, F¢ ¥ TP T2 oW £33 Rulsie} A= A4t @ E2H o
Peyt Mg A&, 223 AF BAS] sl &gl 22 F453]of Ak
Rt she] whe] 2L A9l oot Fo] ejol el ARE AT, 4E
B 2A3E €¥9sts d&Y Zle3 diAd o8 A 7les e sdEE F
gEof alrh

29l | 1. 23¢9 9 Ao

chel | 2. AR} 2713

T2 | 3. A= A4 A =I5 24

a3 | 4. A= 2A

¢ | 1. X3 23}

che] | 2. B8 WhA}

xZ% 13 A= AN He 22

a3 4 JE 23 He s

3he] [ 1 AR ¥ Wl &9

Chel | 2. dwtA el A A4l

ZZ2 |3 A5 We ZROHE £3E)
2P | fE 712 AR AHF(Ex - dgnd )

3% 3-5. AL IsMse] 7]5E 74



Al 33 1susy 71 &

1. 7l &

1

ISVS9) %2 7% & AMEI| slstel sold AR I4x P44 EF F ==
oy Pl 712 Erh mhebd 1968 JEE 2 3 7K FA50E BRY
F Qo AN 20 278 % 42 Aol /s 914 WEAL R A=A

g 4871%, i 48 A= 7lsel AUk #148Y Az 7152 A

ulf

TABE 75, AREAE, LNSE/EI} LS Ul 34 ¥ sz

th ol Wolx FUAY 22 AAY 93} TEY M| 7l HiL Ax

4o

1
e AE AN AT 23S 44 KYHOR QY 4+ vk =Y A% Wx
24 7lee T RE7eH A BE 7% FUs0E w4y 4 dorsg

2% 3-62 o] 7lES FUIFHLRE duEoefof jirh

A EERY A EREREY
I ]
AVp = Vp - Vi Vr1 = Vp
tl, HA |
ty A|ZHset - S/C Model
A=Fx 3L = 10DS
Val

A
No _‘}_*—E ‘ﬁT

(Vb-Va1} > 7a

Yes

Vrz = V11 + ( Vb - Va1 )

%) 36, TARERYI ANFERDY A3 HA R GHFERDL] d3ojE.



2. #1734 Ax ALt 9 A BE7s

IsMse] #14gA A= A R AR AETeS F7HA] 715E e+ AUrh
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3 5-6 o 2HIA]A] T}

ol g E

ofl 2mlA1=] 1§

1
2

10

11

12
13
14
15
16
17

18

19

PROPAGATION STOP TIME BEFORE SPECIFIED START TIME

INTERVAL OF PROPAGATION TOO SHORT TO CREATE AN EPHEM FILE: INTERVAL
MUST BE GREATER THAN ONE INTEGRATION STEP SIZE

INPUT/OUTPUT ERROR DURING READING OF ATTITUDE FILE
INPUT/OUTPUT ERROR DURING READING OF EPHEM FILE
REQUESTED VECTOR NCT WITHIN SPAN OF EPHEM FILE

END OF FILE REACHED ON EPHEM FILE

ERROR DURING READING OF EPHEM FILE: INTERPOLATION ERROR

ERROR DURING READING OF ORBIT FILE:ORBIT LEVEL NOT FOUND OR RE-
QUESTED TIME NOT IN DATA ARC INTERVAL

ERROR DURING READING OF ORBIT FILE:DATA READ ERROR USING GTDS
ORBIT FILE

MANEUVER EXCEEDS MAXIMUM ALLOWABLE TIME

ERROR IN ORBIT INTLALIZATION ROUTINE: INPUT/CQUTPUT SOURCE IS LESS
THAN 2:0RBIT PROPAGATOR MUST RUN FIRST

ELEMENT SET NOT FOUND ON 24-HOUR FILEME

TO PROPAGATE GMAN ACQUISITION TABLES, STOP TIME MUST BE SPECIFIED
IN VARIABLE GVALIO

INPUT/OUTPUT ERROR DURING READING OF SPACECRAFT ENDSTATE FILE
INVALID COMMON BLOCK REQUESTED FOR SUBROUTINE PRNTCM

REQUESTED STATION/ANTENNA PAIR NOT FOUND ON STATION FILE
INPUT/OUTPUT ERROR DURING READING OF STATION FILE

BOTH SUN AND EARTH OUT OF SENSOR FIELD OF VIEW:MANEUVER CANNOT
CONTINUE

UNKNOWN SUN SENSOR TYPE SPECIFIED; POSSIBLE CHOIBLE CHOICES ARE
PASSB1, PASSB2, SMSS, SUN1, AND SUN2 IN SPIN MODE AND FSS1 AND
FSS2 IN THREE-AXIS MODE
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20 USER SPECIFIED A TANK THAT 1S NOT IN SPACECRAFT DATA FILE

21 TANK SPECIFIED NOT CONNECTED TO A COMPOSITE SYSTEM

22 JET CONNECTED TO A COMPOSITE SYSTEM OF TANKS NOT ON SPACECRAFT
DATA FILE

23 REQUESTED JET NAME NOT IN SPACECRAFT DATA FILE

24 INPUT/OUTPUT ERROR DURING READING OF PRINT FILE IN SUBROUTINE
TABLES

25 NG TERMINATION CONDITIONS SPECIFIED I[N FINE TARGETING

26 MANEUVER NOT NECESSARY: TERMINATION CONDITIONS MET AT ATART OF
MANEUVER

27 USER REQUESTED ILLEGAL COMRINATION OF MANEUVER GOALS

28 INPUT/OUTPUT ERROR DURING READING OF MESSAGE FILE IN SUBROUTINE
PRTCMD

29 INPUT/0UTPUT ERROR DURING RECORD 1 OF COMMAND FILE

30 INPUT/OUTPUT ERROR DURING RECORD 2 OF COMMAND FILE

31 EITHER START TIME, STOP TIME, OR INCREMENT FOR LONGITUDE SEARCH
NOT GIVEN

32 DESIRED LONGTUDE NOT CROSSED DURING SEARCH TIME

33 EAST-WEST STATIONKEEPING REQUESTED{THIS OPTION IS NOT CURRENTLY
AVAILABLE)

34 FINE-TARGETING-ONLY GOALS{ABSOLUTE GOALS, GOALS 9 THROUGH 12)
REQUESTED IN COARSE TARGETING

35 FLOATING TARGET ECCENTRICITY CANNOT BE COMPUTED

36 FLOATING TARGET TRUE ANOMALY CANNOT BE COMPUTED

37 DIFFERENCE IN MAGNITUDES OF PREMANEUVER AND POSTMANEUVER POSITION
VECTORS EXCEEDS TOLERANCE

38 ANGLE BETWEEN PREMANUVER AND POSTMANEUVER POSTION VECTORS EXCEEDS

TOLEBANCE
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39 UNKNOWN ATTITUDE STABILIZATION : LEGAL TYPES ARE DESPUN AND
SPINNING

40 RELATIVE NODE MANEUVER TIME OPTION REQUESTED BUT NO PLANE CHANGE
GOALS SPECIFIED

41 ILLEGAL EARTH SENSOR CHOICE:LEGAL CHOLCES ARE PAS1, PAS2, EARTHN,
AND EARTHS

42 ILLEGAL SECTOR OR SECTOR WIDTH SFECIFED

43 EARTH SENSOR OR SUN SENSOR CHOSEN NOT OPERATIVE

44 ENTERED FINE TARGETING WITHOUT SPECIFYING SECTOR OR CHOOSING
VELOCITY FOLLOWING OPTION

45 SPACECRAFT MUST BE IN SPINNING MODE FOR SPIN AXIS REORIENTATION
MANEUVER

46 JET MUST BE FIRED IN PULSE MODE FOR SPIN AXIS REORIENTATION
MANEUVER

47 SPACECRAFT SPIN AXIS PARALLEL TO SUN VECTOR

48 ILLEGAL FIRING MODE FOR THREE-AXIS STABILIZED:CAN FIRE IN A
CONTNUOUS MODE ONLY

49 REQUESTED JET NAME/DATA NAME/FIRING MODE COMBINATION NOT AVAIL.
ABLE

50 STATION NOT FOUND ON STATION FILE:MANEUVER CANNOT CONTINUE

51 ANTENNA BELOW MINIMUM ELEVATION

52 EARTH GUT OF SENSOR FIELD OF VIEW:MANEUVER CANNOT CONTINUE

53 MANEUVER CANNOT CONTINUE DUE TO EARTH SENSOR BLANKING, SATURATION
OR UNDEFINED EARTH TERMINATORS

54 EARTH SENSOR BLANKING OR SATURATION HAS OCCURRED

35 VIOLATION OF STATION ASPECT ANGLE CONSTRAINT
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o6

57
58
59
60

61

62
63

64

65
66
67
68
69
70
71

VLOLATION OF SUN ANGLE CONSTRAINT(ASPECT ANGLE WITH RESPECT TO
ROLLAXIS)

VIOLATION OF SUN ANGLE CONSTRAINT(ROLL ANGLE)

SUN OUT OF SENSOR FIELO OF VIEW : MANEUVER CANNOT CONTINUE
VIOLATION OF EARTH ANGLE CONSTRAING

VIOLATION OF MOON ANGLE CONSTRAINT

EARTH NOT VISIBLE IN EARTH SENSOR FIELD OR AT USER-SPECLFIED
ORIENTATION ANGLE

OUT OF GAS : MANEUVER CANNOT CONTINUE
VLOLATION OF SUN-MANEUVER CANNOT CONTINUE

MOON NOT VISIBLE SENSOR FIELD OF VIEW OR AT USER-SPECIFIED
ORIENTATION ANGLE

UMBRA WARNING: SATELLITE HAS ENTERED UMBRA
PENUMBRA WARNING:SATELLITE HAS ENTERED PENUMBRA

VLOLATION OF SUN-EARTH SEPARATION ANGLE

"REGULARLY SCHEDULED INTERRUPT

SCHEDULED INTERRUPT
SUN NOT VISIBLE IN SENSOR FIELD OF VIEW INOT CRITICAU

ILLEGAL EARTH SENSOR CHOSEN AS REFERENCE SENSOR : LEGAL TYPES ARE
EARTHN, EARTHS
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Driver A|o{tio]E}| OUT.DAT F 6 3 £

Data Control flag| OUT,DAT F 6 ¥

1 Commond Y F 6 A
(3 3.1 o} IPRINTRZR)

#1449 Arejntd END. BIN U 52 d
(¥ 3.1 2] [WWRATH =)

o] Azuiy OUT, DAT F 6 H ¢

N=EARE OUT. DAT F 6 g
(X 3.42] OPTIONXEZ2)

Ephem T} OUT. DAT F 6 U
(¥ 3.42] OPTIONAZ)

48H g gt OUT. DAT F 6 a4
(¥ 3.42} OPTPR ¥ X)

4y e OUT. DAT F 6 Ao
(X 3.42] OPTPR =)

TAb M EEe] || OUT, DAT F 6 Y £

ZABRE qof OUT. DAT F 6 4 =

BAAERE 29 OUT. DAT F 6 4 4

I | COMMANP, DAT | F 8 g 4

COMMANP.BIN | U 95

dHelgd &9 TABLE, BIN F 45 A ooy
TABLE. BIN U 93 [(3E 3.42] OPTIONH=R)

2} b A & MERCA. DAT F 35 Aol
(% 3.12] IMERC =)
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DRIVER CONTROL CARDS
TARG INTERNAL TERMINAL 0 0 0 1
ISMS TARGETING TEST

DATA INPUT
INPUT 10 0. 8907300000D+06 MANEUVER START TIME
INPUT 11 0, 1026040000D+06
INPUT 12 0. 8307310000D+06 MANEUVER STOP TIME
INPUT 13 0. 9260400000D+05
INPUT 18 0. 2000000000D+01 COARSE + FINE TARGETING WITH TABLE
INPUT 14 0. 1000000000D+02 SCAN INCREMENT
INPUT 29 0.1025854000D+03 SPIN AXIS RIGHT ASCENSION
INPUT 30 -0. 8902340000D+02 SPIN AXIS DECLINATION
INPUT 31 0. 6000000000D+02 SPIN RATE
INPUT 43 SPINNING ATTITUDE SPEC.
INPUT 44 TANK1 TANK NAME
INPUT 45 TANK2 TANK NAME
INPUT 46 TANK3 TANK NAME
INPUT 60 0. 3250000000D+03 TANK PRESSURE
INPUT 61 0. 3250000000D+03
INPUT 62 0. 3250000000D+03
INPUT 68 0. 2330000000D+02 TANK TEMPERATURE
INPUT 69 (. 2330000000D+02
INPUT 70 0. 2330000000D+02
INPUT 78 Rl .1 JET NAMES
INPUT 79 R2 .2
INPUT 84 0. 1000000000D+01 PULSED MODE FIRING
INPUT 93 0. 2000000000D+01 DRIFT ZONAL EFFECT
INPUT 94 0. 5000000000D+01 MANEUVER AT ABS. LONGITUDE
INPUT 96 0. 1159000000D+03 SUBSATELLITE LONGITUDE
INPUT 107 0. 1000000000D+01 DESIRED CHANGE IN INCLINATION
INPUT 108 0. 1000000000D+01 DESIRED CHANGE IN NODE
INPUT 109 0. 1000000000D+01 DESIRED CHANGE IN DRIFT RATE
INPUT 119 0. 000C0C00000D+00 INCLINATION GOAL
INPUT 120 0. 0000000000D+00Q NODE GOAL
INPUT 121 0. 5100000000D-01 DRIFT RATE GOAL
INPUT 134 0. 00000000000+00 INPUT SUMMARY
JETS 63 0. 6310300000D+02 INLET FUEL PRESSURE
JETS 64 0. 6310300000D+02
JETS 65 0. 6310300000D+02
JETS 63 0. 1369900000D+02 INLET FUEL TEMPERATURE
JETS 69 0. 1369900000D+02
JETS 70 0. 1369900000D+02
a7 5-1 TR SPA ] 2tz ef ApRA 7],
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INPUT COMMON BLOCK VALUES

COMMON BLOCK INPUT -

POS * NAME * VALUE
1 TYPE 0. 0000000000000D+00
3 OSCEPZ 0.1371000000000D-03
5 O0SCEP4 0. 8191050000000D+02
7  0OSCEP6 0.2791819000000D+03
9 TIMEPZ 0. 3354000000000D+05
11  TIMSTZ 0. 3354000000000D+05
13 TIMSPZ 0. 3354000000000D+05
15 PERT 0. 0000000000000D+00
17  STEP 0. 6000000000000D+02
19  XOuT 0. 7200000000000D+03
21 XSUN1  0.0000000000000D+00
23 XMOON1 0. 0000000000000D+00
25  STNAMI
27  ANTENA
29  SARA 0. 0000000000060D+00
31  SPNRT  0.0000000000000D+00
33 THETA 0. 0000000000000D+00
35 SUNSEN SUNI
37  PASMIN 0. 0000000000000D+00
33  ERTETA -0.2000000000000D+01
41  EULERZ 0. 0000000000000D+00
43  XSPIN
45  TANKNZ
47  TANKN4
43  TANKNG
5]  TANKN8
53 TANKWZ 0. 0000000000000D+00
93 TANKW4 0. 0000000000000D+00
57  TANKW& 0.0000000000000D+00
59  TANKW8 0. 0000000000000D+00
61  TANKP2 0. 0000000000000D+00
63 TANKP4 0.0000000000000D+00
65 TANKP6 0.0000000000000D+00
67  TANKP8 0. 0000000000000D+00
69  TANKTZ 0.0000000000000D+00
71 TANKT4 0. 0000060000000D+00
73 TANKT6 0.0000000000000D+00
75 TANKT8 0. 0000000000000D+00

POS * NAME *
2 0SCEP1
4 OSCEP3
6 OSCEPS
8 TIMEF1

10 TIMST1
12 TIMSP1
14 XINC
16  SLFFLG
18 OPTION
20  SATID
22 XSUNZ
24 XMOON2
26 STNAMZ
28  XSSRCE
30  SADEC
32 PSI]

34 PHI

36  ERTSEN
38  PASMAX
40  EULERI
472 EULER3
44  TANKN]
46  TANKN3
48  TANKNS
50  TANKN7
52 TANKW1
54  TANKW3
06  TANKWS
58  TANKW7
60  TANKP1
62  TANKP3
64  TANKPS
66  TANKP7
68  TANKTI
70 TANKT3
72 TANKTS
74  TANKT7
76  VALVE

I3 5-2 9 COMMON &,
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VALUE

0. 4216455000000D+05
0. 0000000000000D+00
0.1433117000000D+03
0. 8906040000000D+06
0. 8906040000000D+06
0. 8907300000000D+06
0. 0000000000000D+00
. 6600000000000D+00
. 3000000000000D+01
. 1234567000000D+07
. 1800000000000D+03
. 18000000000006D+03

OO oo

. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
EARTHN

0. 1800000000000D+03
(. 0000600000000D+00
0. 0000000000000D+00

oo oo

0. 0000000000000D+00
0. 0660000000000D+00
0. 0000000000000D+00
0. 0000000000000D+00
0. 0000000000000D+00
0. 0000000000000D+00
0. 0006000000000D+00
0. 00000600000000D+00
0. 6000000000000D+00
0. 6000000000000D+00
0. 0000000000000D+00
0. 06000000000000D+00
0. 1000000000000D+01



77
79
81
83
85
87
89
91
93
95
97
99
101
103
105
107
109
111
113
115
117
119
121
123
125
127
129
131
133
135
137

PLUSWT
XJET2
XJET4
CENDIS
XINTP1
XINTP3
SECTOR
SECMAX
DRFTG
CENTER
XMNOPT
XDv2
BOUND2
CONVRG
X602
XG04
XG06
XGO8
XGO10
XG012
GVAL2
GVAL4
GVALG
GVALS
GVAL10
GVALI2
TIMRE2
XMOSES
GSADEC
SENFLG
SYNCFG

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

0.

. 0000000000000D+00

0000000000000D+00
0000000000000D+00
0000000000000D+00
1000000000000D+01
3600000000000D+04
0000000000000D+00
0000000000000D+00
1000000000000D+01
0000000000000D+00
0000000000000D+00
1000000000000D+01
0000060000000D+00
0600000000000D+00
0000000000000D+00
0000000000000D+00
0000000000000D+00
0000000000000D+00
0000000000000D+00
0000000000000D+00
0000000000000D+00
0000000000000D+00
000000000000GD+00
0000000000000D+00
0000000000000D+00
1000000000000D+01
0000000000000D+00
1000000000000D+01
10000000000000+01

78
80
82
84
86
88
90
92
94
96
98
100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138

g 5-2 (AF).

— 108 —

XJET1
XJET3
ATTJET
XMODE
XINTP2
XINTP4
SECT¥D
DT
TIMOPT
BOUND1
XDVl
XDV3
ATTOPT
XG01
XG03
XGO5
XGO7
XG09
XGO11
GVALL
GVAL3
GVALS
GVAL7
GVALY
GVAL11
TIMRE]
RADDV
GSARA
OPTPR
AAFLAG
ERTHFG

oo

CDC)CDODOOOODOOOOOOOOOCOOOOO

. 2000000000000D+01
. 0000000000000D+00
. 0000000000000D+00
. 4500000000000D+03
. 1000000000000D+02
. 1000000000000D+01
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 1000000000000D+01
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 0000000000000D+00
. 000000000000CD+00
. 6000000000000D+00
. 0000000000000D+00
. 2600000000000D+01
. 1000000000000D+01
. 0000000000000D+00



siioioioioko k. PROGRAM ORBITAL DATA PAGE ##kddoiiokik
EPOCH INFORMATION
TIME OF EPOCH 89 7 30 9 26 4
SUN. ,JULY 30, 1989 9 HRS. 26 MINS. 4 SEC. U.T.

OSCULATING KEPLERIAN ELEMENTS
SMA ECC INC NODE ARG PER MEAN ANOM
(KM) (DEG. ) (DEG. ) (DEG. ) (DEG. )
42166.65 0.00049213  0.0182  258.1194 2884958 18. 8262

POSITION AND VELOCITY COMPONENTS

X Y Z DX DY DZ
(KM} (KM) (KM) (KM/SEC) (KM/SEC) (KM/SEC)
-38054.04  -18117.97 -10. 66 1.321857  -2.777496 0. 000593
MISCELLANEQGUS
LAT LONG +E GHA APOGEE PERIGEE PERIOD
{DEG. } (DEG. } (DEG, ) (KM) (KM)
-0.0145 115.9448 89,5149 4218741 42145, 90 23.937

END CONDITIONS

TIME OF END 83 731 926 4
‘ MON, ,JULY 31, 1989 9 HRS. 26 MINS, 4 SEC. U.T.

OSCULATING KEPLERIAN ELEMENTS
SMA ECC INC NODE ARG PER MEAN ANOM
(KM) {DEG. ) (DEG. ) (DEG. ) {DEG. }
42166.64 0.00048933 0.0147 247.4746 297. 4402 21.4874

POSITION AND VELOCITY COMPONENTS

X Y Z DX DY DZ

(KM) {KM) (KM) (KM/SEC) (KM/SEC) {KM/SEC)

-37744.51  -18755. 24 -7.10  1,368286 -2.754885  0.000594
MTSCELLANEOUS

LAT LONG +E GHA APOGEE PERIGEE PERICD

(DEG. ) (DEG. } (DEG. ) (KM) (KM)

-0.0096  115.9223  90. 5004 42187.27  42146.01  23.937

a9 5-3 AE 27,
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INITIAL CONDITIONS

TIME OF START 89 7 30 9 26 4

SUN, ,JULY 30, 1989 9 HRS. 26 MINS,
OSCULATING KEPLERIAN ELEMENTS
SMA ECC INC NODE ARG PER
(KM) {(DEG. ) (DEG. ) {DEG. )
42166. 65 0.00049213 0.0182 258.1194 288. 4958
POSITION AND VELOCITY COMPONENTS
X Y Z DX DY
(KM) {KM) (kM) (KM/SEC) {KM/SEC)
-38054.04  -18117.97 -10. 66 1.321857  -2.777496
MISCELLANEQUS
LAT LONG +E GHA APGGEE PERIGEE
(DEG. ) (DEG. ) (DEG. ) (KM) (KM)
-0. 0145 115.9448 89.5149 42187. 41 42145.90
DURATION OF FLIGHT =  1.00 DAYS 0. 00SEC.

SHADOW ENCOUNTERED = NO
EARTH/MOON INTERFERENCE = NO

SUN/MOON EFFECT = ON
CREATE EPHEM = ON
OPTIONAL PRINTOUT = OFF
SLP FILE = OFF

%l 5-3 (AS)
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4 SEC. U T,

MEAN ANOM
(DEG. )
18. 8262

DZ
{KM/SEC)
0.000593

PERIOD

23.937



EPHEM PROGRAM PAGE 1
ALL OUTPUT KM, ,KM/SEC, AND DEG.
INERTIAL TRUE EQUATOR AND EQUINOX OF DATE

Aokt kR OOOR ORI IOIRRR IR IICR IR AR SRR Sl SR SRR SRRl s o
DATE JULY 30, 1989 19HRS 47MINS 14SEC (JULIAN DATE=2447738. 3245)
ELAPSED TIME FROM EPOCH= 0.0DAYS 0.0HRS O0.OMIN 0.0SEC

VEHICLE WAS IN SUN LITE DURING PREVIOUS PRINT INTERVAL

X 42179.7623 Y 849.5578 Z 11, 6002
DX -0. 06165299 DY 3.07224208 DZ -0. 00018655
R 42188. 3187 v 3.07286064 VPA 89.9957851
SMA 42163. 0800 ECC 0. 000603100000 INC 0.016133900
LAN 258. 6991400 AP 289. 4566100 MA 172. 9896800
TA 172.9981085 1ERT 44. 4433356 IMOON 16, 2241315
LAT 0.0157542 LON 115. 9221690 GHA 245.2316899

R g T T I S L L m—
DATE JULY 31, 1989 7HRS  47MINS 14SEC (JULIAN DATE=2447738.8245)
ELAPSED TIME FROM EPOCH= 0.0DAYS 12.0HRS 0.0MIN 0.0SEC

VEHICLE WAS IN SUN LITE DURING PREVIOUS PRINT INTERVAL

X -42120. 4947 Y -1213. 5638 Z -9. 8553
DX 0. 08862047 DY -3.07525817 DZ 0. 00024863
R 42137.9747 v 3.07653482 VPA 90. 0003175
SMA 42163, 1595 ECC 0.000597343533 INC 0.014177790
LAN 252. 5886917 AP 289. 5934942 MA 359. 4687820
TA 359. 4681469 IERT  117.5165941 IMOON  21.9493092
LAT -0.0134004 LON 115, 9258466 GHA 65. 7244867

% 5-4 EPHEM &9,
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MANEUVER CONTROL PROGRAM
INITIAL CONDITIONS
A.) COMMENTARY : ISMS TARGETING TEST

B. } EPOCH ORBITAL DATA
1.) EPOCH TIME (GMT) YR MO DA HR MN SC
83 7 30 9 26 4
2.) OSCULATING EPOCH ELEMENTS (TRUE OF DATE)

SMA(KM) ECC 1{DEG) RA NODE(DEG) ARG PERI(DEG) M(DEG)
42166.6 0.00049213 0.018 258.119 288. 496 18. 826
3.) EPOCH TRUE ANOMALY (TRUE OF DATE) 18.844 DEG

4. ) EPOCH GHA 89. 515 DEG

C.) INITIAL SPACECRAFT STATE
1.) ATTITUDE STATE (TRUE OF DATE)

SPIN RATE (RPM) ATTITUDE Z AXIS MISALIGNMENTS
ALPHA(DEG)  DEC(DEG) PSI(DEG) THETA(DEG) PHI(DEG)
60. 000 102.59 -89, 02 0.00 0.00 0.00
2. ) CONTROL JET STATE
ORBIT JET(S} RI R2

FIRING MODE  PULSED  SYN.

FUEL SYSTEM  SYSTEM1 SYSTEM1
INLET PRESS 63.10 63.10
INLET TEMP 13.70 13.70

THRUSTER GEOMETRY IN THE S/C PRINCIPLE SYSTEM
(THRUST IN LBS, TORQUE IN FT-LBS)

X(IN.)  Y(IN.) Z(IN. ) PHI (DEG) THETA(DEG)
Rl 3.970 40,112 21.683 29.715 -21.722
R2 -4.141 40.085 21.639 -29. 659 -21. 880
X Y Z

Rl THRUST VECTOR -0.068 -0.361 -0.146

R2 THRUST VECTOR 0.316 -0.177 -0.145
COMBINED JET THRUST VEC 0.248 -0.537 -0.292

Rl TORQUE VECTOR 0.187 -0.283 0.611

R2 TORQUE VECTOR  -0.099 0.317 -0.602

COMBINED JET TORQUE VEC 0.088 0.034 0.010

FIRST ESTIMATES FOR ORBIT JET(S) OF EFFECTIVE
THRUST(LBS) ISP(SEC) EL, ANG(DEG}
0. 660 167.788 ~26,234
COMPUTED FOR PULSE TRAIN STARTING AT PULSE  30.00
AND LASTING 10,00 PULSES W¥ITH PULSE WIDTH OF 495,000 DEGREES

a8 5-5 49 R
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3.) FUEL SYSTEM STATE
TANK PRES(PSIA)} TEMP(DEG.C) FUEL WT(LB) TANK IZZ(SG-FT#*%2)

TANK1 325.000 23. 300 75.215 11.23304
TANK2 325. 000 23.300 75,159 11, 22823
TANK3 325.000 23. 300 75.147 11. 22722
SYSTEM PRES(PSIA) FUEL WT(LB) PRES DROP TEMP DROP
SYSTEMI 325. 000 225. 521 1. 0000 1. 0000

CONFIGURATION SYSTEM1 (LIQUID) TANK1 TANK2 TANK3
4.) MASS PROPERTIES

ATTACH WT(LB) [ZZ(SG-FT**2) CG(IN) S/C WT(LB)
0. 000 1865, 681 69. 091 994 331

D.) SENSOR SELECTION
1. ) REFERENCE SENSOR REQUESTED SUNI1
USING 450.0 SECTORS OUT OF A POSSIBLE 3600.0 SECTORS
2.) FIRING SECTOR REQUESTED FOR ORBIT JET(S)
(IF -1.0, SECTOR TO BE COMPUTED) USING SYNC CONTROLLER
Rl -1.0, R2 -1.0
3.} SUN SENSOR REQUESTED -- SUNI
SENFLG=+1 SENSOR READING MEASURED FROM +Z AXIS
4. ) EARTH SENSOR REQUESTED -~ EARTHN
SENFLG=+1 SENSOR READING MEASURED FROM +Z AXIS
5.) VELOCITY FOLLOWING -- NO (FLAG = 0.0)

E. ) GROUND STATION DATA

NAME ANTENNA LAT LONG ELEV  IBAND  DELAY
DEG(+N) DEG(+E) METERS SEC
37.947 284,538 -33.45 0 0.0000
STATION MASK CONTAINS 0.0 POINTS

F.) USER SPECIFIED OPTIONS AND PARAMETERS
1.) TARGETING OPTION

COARSE PLUS FINE TARGETING WITH TABLES MANEUVER DEFINED BY INPUT GOALS
2. ) MANEUVER INTERRUPTS

REGULARLY SCHEDULED 0.0
SPECIFIC INTERRUPTS 0.0
UNSCHEDULED INTERRUPTS ARE NOT ALLOWED
SEGMENT INTERRUPTS 0.0 BASED ON PULSES
3. ) INCREMENTS PULSE [NCREMENT 10,000 PULSES
COAST TIME INCREMENT  60.000 SECONDS
MAX ITERATIONS 3.000
4. ) OPTIONS
SUN/MOON EFFECT -- ON

SLP FILE REQUESTED -- NO
MANEUVER CENTERED -- NO
5.) METHOD OF CALCULATING DRIFT

ANALYTIC WITHOUT ZONALS
23 5-5 (A<,
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COARSE/FINE ITERATION HISTORY
PAGE 1

ITER TRG DV CUR DV ATTITUDE USED
FT/SEC FT/SEC RA (DEG) DEC (DEG)
1 0.475 0.475 102, 585 -89.023

IGNITION TIME YR MO DA HR MN SC
89 7 30 19 44 3
DELTA V DIRECTIONAL ERROR IN SPIN PLANE IS 0. 455 PERCENT

CONVERGE ON IN PLANE GOALS

TYPE
SMA 0.0
ECC 0.0
ARG PERI 0.0
INCL 1.0
RA NODE 1.0
DRIFT RATE 1.0
APOGEE 0.0
PERIGEE 0.0
PLANE 0.0
BURN TIME 0.0
PULSES 0.0
DV MAG 0.0

0
0

(=]

0
0

GOAL
. 00000000D+00
. 00000000D+00
. 00000000D+00
. 000000000D+00
. 00000000D+00
. 91000000D-01
. 00000000D+00
. 00000000D+00
. 00000000D+00
. 00000000D+00
. 00000000D+00
. 00000000D+00

|
f=2 h=

o O O o o o o o o

ACHIEVED

. 00000000D+00
. 00000000D+00
. 00000000D+00
. 28295476D-03
. 38868244D+01
. 46214382D-01
. 00600000D+00
. 00000000D+00
. 00000000D+00
. 00000000D+00
. 00000000D+00
. 00000000D+00

28 5-6 ZAGM FE ol zid.
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ERROR
0. 00000000D+00
0. 00000000D+00
0. 00000000D+00
-0, 28295476D-03
0.38868244D+01
-0.47856175D-02
0. 00000000D+00
0. 00000000D+00
0. 060000000D+00
0. 00000000D+00
0. 60000000D+00
0. 60000000D+00



COARSE TARGETING MANEUVER SUMMARY PAGE 1

kR o ooopoRooReRot. MANEUVER CONDITIONS stk ootk st sk kol ko

COMMENTARY ISMS TARGETING TEST
TIME OPTION : IGNITION TIME AT LONGITUDE OF 115.9 DEG E
MANEUVER GOALS SMA ECC ARG PER  INC NODE
KM DEG DEG DEG
FREE FREE FREE DELTA DELTA
0. 00000 0. 0000
DRIFT APOGEE PERIGEE  PLANE BURN PULSES
DEG/DAY KM KM DEG SEC
DELTA FREE FREE FREE FREE FREE
0.0558
TOL
0.0010

ATTITUDE OPTION -- INPUT ATTITUDE

CONTROL OPTION -- SECTOR CALCULATED OR GIVEN

ook iakooooool k. MANEUVER REPORT sl setoksoiootoioi solok kol ol s
COARSE TARGETING ESTIMATES

MANEUVER TIME -89 7301944 3 OMT
JET(S) USED - Rl R2
FIRING MODE - PULSED
SECOND JET FIRING SIMULTANEOUSLY WITH FIRST
REFERNECE SENSOR TYPE - SUN}

EARTH SENSOR TYPE - EARTHN

NO OF PULSES - 194

FUEL USED - 0.0969 LB

JET ONTIME - 24. 341 SEC
0. 406 MIN

TOTAL MANEUVER TIME - 191. 000 SEC
3.183 MIN

Y 57 TAHEE gk
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PAGE 2
swikiksd MANEUVER EFFECTS AS PREDICTED BY COARSE TARGETING ##ikiiksy

ORBITAL PARAMETERS
MANEUVER TIME (GMT) MANEUVER CENTER TIME (GMT)
YR MO DA HR MN SC YR MO DA HR MN SC

8 7 30 19 4 3 89 7 30 19 45 32
OSCULATING ELEMENTS
SMA ECC 1 RA NODE ARG PERI M
KM DEG DEG DEG DEG
INITIAL  42167.02 0.0005104% 0.016 254,426 295.035 171.259
TARGET 42162.67 0.00061253 0.016 254, 426 293.571 172.723
DELTA -4.34 0.00010204 0.000 0. 000 -1. 464 1.464
INERTIAL ELEMENTS
X Y Z XDOT YDOT ZDOT
KM KM KM KM/SEC KM/SEC KM/SEC
INITTAL 42184.9 536.2 11.6 -0.038816 3,072761 -0, 000247
TARGET 42184.9 536.2 11.6 -0.038814 3.072603 -0, 000247
DELTA 0.0 0.0 0.0 0. 000002 -0. 000158 0. 0000060
POSITION TOLERANCES ARE 10.00 KM AND 0.500 DEGREES
VELOCITY VECTOR IN RADIAL/TANGENTIAL/NORMAL SYSTEM
R T N
KM/SEC KM/SEC KM/SEC
INITIAL  0.023069 3.072920 -0. 000067
TARGET 0. 023067 3.072761 -0, 000067
DELTA -0. 000001 -0. 000158 0. 000000
DELTA VELOCITY MAGNITUDE 0.000158 KM/SEC
MISCELLANEOUS ORBITAL PARAMETERS
APOGEE PERIGEE DRIFT RATE AVERAGE  INSTANTANEOUS
KM KM DEG/SDAY(+E)  LONGITUDE LONGITUDE
INITIAL 42188.5 42145.5 -0.03631 DEG(+E) DEG(+E)
TARGET 42188.5 42136.8 0. 01930 115.9092 115. 9227
DELTA 0.0 -8.6 0. 05561

O 5-7 (AF).
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PAGE 3

¥xkramkk COARSE TARGETING SPIN AXIS REORIENTATION INFORMATION #scksckoks

ATTITUDE ALPHA DECLINATION
DEG DEG

INITIAL 102, 585 -89. 023

COMPUTED 238.135 -45,765

PRECESSION ANGLE - 44,937 DEG
(SHORT ROUTE TOWARD NEGATIVE ORBIT NORMAL)

AT THE IGNITION TIME COMPUTED BY COARSE TARGETING
THE INPFUT  ATTITUDE VIOLATES THE FOLLOWING CONSTRAINTS

NONE OF THE CONSTRAINTS ARE VIOLATED

NO ATTITUDE JET WAS REQUESTED
NO FURTHER REORIENTATION INFORMATION IS AVAILABLE

2% 5-7 (Al<)
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FINE TARGETING MANEUVER SUMMARY PAGE 1

okt ook Rk sEox MANEUVER CONDITIONS  #ctotoiorsoiopsiokooo s sloiioioo

COMMENTARY : ISMS TARGETING TEST
TIME OPTION : IGNITION TIME AT LONGITUDE OF 115.9 DEG E

MANEUVER GOALS SMA ECC ARG PER  INC NODE
KM DEG DEG DEG
FREE FREE FREE DELTA DELTA

0. 00000 0. 0000

DRIFT APOGEE PERIGEE PLANE BURN PULSES v
DEG/DAY KM KM DEG SEC FT/SEC
DELTA FREE FREE FREE  FREE FREE FREE
0.0510
TOL
0.0010

ATTITUDE OPTION -~ INPUT ATTITUDE
CONTROL OPTION -- SECTOR CALCULATED OR GIVEN

Stk S OO R SRRk k. MANEUVER REPORT  sekoioiokesiolotioioipniitciolooi oo
FINE TARGETING RESULTS

MANEUVER TIME - 8% 7301944 3 GMT
JET(S) USED - Rl RZ
FIRING MODE - PULSED

SECOND JET FIRING SIMULTANEOUSLY WITH FIRST
REFERENCE SENSOR NAME - SUN1
EARTH SENSOR NAME - EARTHN

NO OF PULSES - 191

NO OF SEGMENTS - 1

FUEL USED - 0.0973 LB

TOTAL SEG. DURATION - 191. 000 SEC
3.183 MIN

TOTAL MANEUVER TIME - 191,000 SEC
3.183 MIN

sopikkkk Rk SUMMARY OF MESSAGES DURING MANEUVER i ok koo
MESSAGE NUMBER = 64
MOON NOT VISIBLE IN SENSOR FIELD OF VIEW OR USER SPECIFIED ORIENTATION ANGLE

JH 5-8 AM X 29
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Bredesksoririosy MANEUVER SUMMARY okisiobkik ik xssussn PAGE 2

VARTABLE(UNITS}  IGNITION END THRUST ~ NO THRUST DELTA(END-ND)
EPOCH{ YYMMDD) 890730.0 890730.0 850730.0 0.0
(HHMMSS ) 194403.0 194714.0 194714.0 0.0
1)JOSCULATING KEPLERTAN
SMA(KM) 42167.03 42163.08 42167, 00 -3.93
ECC(N/A) 0. 0005103 0. 0006031 0. 0005107 0. 0000924
INC(DEG. ) 0.0164404 0.0161339 0.0164427 -0, 0003088
RA NODE(DEG, ) 254. 43857 258, 69914 25441140 4.28774
ARG PER(DEG. ) 295.06113 289, 45661 295.00429 -5, 54768
MA(DEG. ) 170, 84775 172. 98968 171.72977 1.25991
Z)POSITION AND VELOCITY
X(KM) 42187.5 42179.8 42179.8 0.0
Y(KM) 262.7 849.6 849.6 0.0
Z(KM) 11.6 11.6 11.6 0.0
VX{KM/SEC) -0.018884 -0. 061653 -0, 061657 0. 000004
VY(KM/SEC) 3.072950 3.072242 3.072385 -0.000143
VZ(KM/SEC) -0, 000242 -0.000187 -0. 000254 0. 000067
3)RTN VELOCITY VECTOR
VR{KM/SEC} 0. 000249 -0. 042523 -0. 042526 0. 000003
VT{kKM/SEC) 3. 073008 3. 072566 3.072710 -0. 000143
VN{KM/SEC) 0. 0600000 0. 000067 0. 000000 0. 000067
4 )JMISCELLANEQUS ORBIT
RMAG (KM) 42188.27 42188. 32 42188, 32 0.00
VMAG{KM/S) 3. 0730081 3. 0728607 3.073003%9  -0.0001432
LAT(DEG+N) 0.015810 0.015754 0.015746 0. 000009
LONG(DEG+E ) 115.92309 115.92218 115. 92220 -0, 00002
CRIFT(DEG/DAY+E}  -0.03646 0.01414 -0.03614 0. 05028
GHA(DEG, ) 24443366 245, 23167 245, 23167 0. 00000
PERIOD(HR) 23.9369 23.9335 23.9369 -0.0033
APOCEE (KM} 42188.55 42188. 51 42188. 54 -0.03
PERIGEE(KM) 42145.51 42137.65 42145, 47 -7.82
5)ATTITUDE
RT ASC(DEG. ) 102. 58540 110, 00232 102, 58540 7.41692
DEC(DEG. ) -89. 02340 -88.99710 -89.02340 0. 02630
SPIN(RPM) 60. 00000 60. 00000 60_ 00000 0. 00000
6 )SPACECRAFT STATE
S/C WT(LB) 994.33143 994.23408 994. 33143 -0. 09734
S/C 1ZZ(SG F#*2) 165.680621  165.672326  165. 680621 -0. 008295
5/C CGZ(IN) 69. 09096 69.09181 69. 05096 0. 00086
DELTA-V(FT/S) 0. 00000 0.52028 0. 00000 0.52028
EFFSTR(RI 1. 0000 192. 0000
SECTOR 2135 2135
EFFSTR(R2 ) 1.0000 192. 0000
SECTOR 2135 2135

% 5-8 (Al<%)
— 119 -



GMT

TIME PULSE
HMS NO,
1944 3 0
194413 10
194423 20
194433 30
194443 40
194453 50
1945 3 60
194513 70
194523 80
194533 90
194543 100
194553 110
1946 3 120
194613 130
194623 140
194633 150
194643 160
194653 170
1947 3 180
194713 190
194714 191

dkiokkkkoik T A B L E 1 ®okkdssonnin

SMA
KM
42167.
42166,
42166.
42166.
42166.
42166,
42165,
42165.
42165.
42165,
42165.
42164,
42164,
42164,
42164.
42164.
42163.
42163.
42163.
42163.
42163.

0

L 7 TN . B T~ S - NS« - = e B o I T= L

ECC

0. 0005103
. 0005140
. 0005184
. 0005231
. 0005278
. 0005326
. 0005375
. 0005424
. 0005474
. 0005523
. 0005573
. 0005623
. 0005673
. 0005724
. 0005774
. 0005824
. 0005875
. 0005925
. 0005976
. 0006026
0. 0006031

Lo S e T e S - S e Y o Y o B o T oo~ T == TR o~ R v S e S B v I o B Y v

INC
DEG.
0.01644
0. 01643
0.01641
0.01639
0.01638
0.01636
0.01634
0.01633
0.01631
0. 01629
0.01628
0.01626
0.01624
0. 01623
0.01621
0.01620
0.01618
0.01616
0.01615
0.01614
0.01613

NODE
DEG.

254.
254,
254.
253,
255,
255.
2559,
255,
256.
256.
256.
256.
257,
257,
257.
257.
257.
258.
258,
258,
258.

4386
6106
8125
0241
2411
4601
6823
3066
1327
3601
5887
8182
0485
2795
2111
7432
9758
2088
4421
6758
6991

3% 5-9 dHol& &Y.
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D
295

294,
294,
294,
293.
293,
293,
293.
292.
292.
292,
291.
291,
291,
290,
290.
290.
290.
289,
289.

289

PAGE 1

AP

EG.

0611
7996
5106
2150
9166
6183
3193
0201
7212
4229
1252
8283
5322
2370
9427
6494
3570
0655
7750
4855
. 4566

DEG.

170.
170.
171.
171,
171,
171,
171,
171,
171,
171,
172.
172.
172,
172,
172,
172.
172,
172.
172,
172.
172.

8478
9790
1079
2338
3569
4779
5366
7132
8278
9405
0514
1605
2681
3741
4785
5815
6831
7834
8823
9800
9897
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<H-E>
ES - 5 9144 AR
(1) $1A3A)e) Rk 2} §(Spacecraft mass properties data)

E 1-1. 217842 FALt ARAA
(Vechicle weight and fuel system)

H 42 9] Definition gt ol Tl

gl Ae] TA) [Vechicle weight{total spacecraft| 768.81 1b 348. 72kg
weight including fuel pressurant
weight, minus fuel weight and
detachable hardware weight)

AgedF2] 4= |number of individual tanks 3 74 3A

AGNAL] 4 |number of tank combinations 1 7 1 7§

I 1-2. x| 22 3A1R(First Tank Data)

HrA e Definition gt ulely s
el 3 o Alphanumeric name of tank TANK1 TANK1
el328] X1 [Volume of tank 2504.270 ind [410.3763x10 4m3

e3390] 1A |Loading weight of fuel in tank [75,69333 1b |34.33392kg

el 3] ¢} |Loading pressure in tank 332.28 1b/in?|22.909899 bars

El32] &% |Loading temperature 21.950° C | 21.950° C
{temperature at time loading
pressure measurement was taken)

Ed 2] X2}H X geometric location of tank -21.2350 in -53.9369 cm
ed32] YZ}IE|Y geometric location of tank 21.191640 in| 53.826766 cm
el 2] Z2}¥ |Z geometric location of tank 60. 385 in 153.3779 co




¥ 1-3, Sz} e¥=Ax}F (Second Tank Data)

H+3 2 Definition o 29 o|E]Y T
el 3 o Alphanumeric name of tank TANK2 TANK2
el3¢] Hu] |Volume of tank 2507.480 in3 |410.9024x10 4m3
ei=10] 2| |Loading weight of fuel in tank |75 69333 1b |34.33392kg

el 30] ¢} |Loading pressure in tank 332.28 1b/in2|22.909899 bars
el 32] &% |Loading temperature 21.420° C 21.4200° C

e 0] X2} H |X geometric location of tank -21.23500 in [-31.07690 co
el 32] YRIH (Y geometric location of tank -21.19164 in |-53.82677 cm
Ef=1 0] 72} ¥ |Z geometric location of tank 60.385 in 153.3779 cm

H 1-4. M=} e¥=22}% (Third Tank Data)

A3 Definition ol 2t¢he) ulg]y T
Bl 3 o Alphanumeric name of tank TANK3 TANK3
saze] 23] |Volume of tank 2506.160 in3 |410,6860x10- 403
€)= 9] EA |Loading weight of fuel in tank [75.69333 1b |34.33392kg

e 32] ¢} |Loading pressure in tank 332.28 1b/in2}22,.909899 bars
ei 0] &% |loading temperature 21.290° C | 21.290° C

e} 32] X2}¥|X geometric location of tank 24.470000 in| 62,153800 cm
ed ] YRIE|Y geometric location of tank 0.000000 in | 0.000000 cm
ef70] 7RI |Z geometric location of tank 60.385 in 153.3779 cm




¥ 1-5. ®832] 7elxlR

H3 2] Definition P =5te] nfely o9l
U 75lAt4 | Pressure drop constant 1.0 1.0
=% 748144 | Temperature drop constant 1.0 1.0

A= ¥e]  |Fuel type of A o A

I 1-6. g18Ae] FAFHL RYrE
(Center of gravity and Momeul of inertia mass properties)
il Definition o rle) nEy chel
B} 3 Number of center of gravity 37 37
locations versus spacecraft
weight point{107f <[3})
#43212] 2A |Total weights of spaceraft with |678.81 tb 348.73 kg
out fuel at which center of 769.70 345.13
gravity locations are taken{or [1612.42 731.380
moment of inertia values are
given): must be in order of
increasing weight
FAF4e] |Center of gravity locations inches cm
ZureF 21 |along geometric spin axis 71. 724000 181. 17896
(Z 2}3E) measured from fixed origin 71. 498903 181. 60721
(defined by spacecraft design) 48. 397063 122, 92854
on this axis : correspond to
spacecraft weights
FA548]  |X coordinate of center of gravity 0.0 0.0
X 2% corresponding to spacecraft 0.0 0.0
weights 0.0 0.0
FAEH4  |Y coordinate of center of gravity 0.0 0.0
Y 3% corresponding to spacecraft 0.0 0.0
weights 0.0 0.0




E 1-6. 31442 FAZNY BYRANEMASK)

Hr3 o Definition o3 2tlg) ole g9
3 Az 29l (Number of spin moment of inertia 37 3 A
E2] 7k values versus spacecraft weight

points(107] ©]3})

zuisr A |Moment of inertia about slug, ft2 kg. m?
2HIE(];,) |geometric spin axis correspond- 131.99213 178.95726
ing to spacecraft weights 131.99211 178.95724
148. 49211 201. 328227

X8k A |1xx corresponding to spacecraft 0.0 0.0

E‘{‘JE( [xx) weights 00 00

0.0 0.0

yu}sr 34 |Iyy corresponding to spacecraft 0.0 0.0

BRIE(lyy} |weights 0.0 0.0

0.0 0.0

¥ 1-7. dneize] Aakmd(Fuel tank mass property)

b A Definition od ZThe) oje]y the
olgel32] |Number of center of gravity and 12 7\ 12 78
D AZx2}  |values versus tank volume
B ERES
A4

JEUE Reference density at which table|0.0364 1b/in3 1.0g/cm3

were calculated
A5l 218 |Flag for tank reference system 31434 24 A
o} 7)1&2}¥ 4 =0 or blank:spacecraft centered | geometric geometric
(Z 2R) =1 ' tank centered axis system | axis system
Both tank moments on inertia and
tank center of gravity locations
are measured in either the tank
centered system or the setting
of flag




¥ 1-7. dxei3e] AR (A)

WA o) Definition g=ghe ojey e
g 2e] M3H |Fuel volumes at which tank mass in3 x10-4 m3
property values have been 0.0,29.973 0.0,4.91169
caclulated:must be in order of 60.685, 100.33219.94449 16, 44170
increasing volume 158, 371, 25. 95236,
226,572 37.12850
345,417, 56. 60370,
496, 956 81.43647
771, 362, 126. 40358,
1300. 458 213.10688
1933. 865 316, 90370
2519, 748 412,91272
#142] Z&  (Moment of inertia about tank/ slug, ft2 kg. m?
A4 THE |spacecraft Z-axis corresponding | 0.0,.2503 0.0,0.3394
to fuel volumes .4978, . 8088 |0.6749, 1. 0966
1.2503,1.7519(1.6952, 2. 3753
2, 5888, 3, 59783, 5099, 4. 8730
5.2852,8.1100|7, 1658, 10, 9957
10. 8313 14, 6853
12, 6485 17.1491
2]°32] X%  |Moments of inertia about tank/ Lo 2 F
¥ RYE  |spacecraft X-axis corresponding 0.0 0.0
to fuel volume
#1342 Y&  |Moments of inertia about tank/ 25 B2 F
A BME  |spacecraft Y-axis corresponding 0.0 0.0
to fuel volume
inches cm
1442l BA  |Z-location of center of gravity 52.0517, 132, 2113,
8] Z-dF |corresponding to fuel volume 57.1487 145, 1577
57.8164, 146. 8537,
58. 2430 147.9372
58. 6941, 148, 8544,
58. 8722 149, 5382
59.1753, 150, 3053,
59,4213 150. 9301
59. 6940, 151. 6228,
59. 9604 152, 2994
60. 0995, 152, 6527,
60. 1659 152, 8214




E 17, da=gas] AJERA(ASF)

H3 Definition ol 2E19) ojely The
273l A |X-location of center of gravity 2 5 2 5
ZA10] ¥ B corresponding to fuel volume 0.0 0.0
#]del BA |Y-location of center of gravity Lol 2 F
ZA12] YZAE [corresponding to fuel volume 0.0 0.0




(2) SAlol oyt 215

H 2-1. A7)0l ch¥ralE (Jet physical Data)

He3 o Definition ol Zetg) ueld the)
2A}1718] 4+ [Number of control jets assumed
to be onboard spacecraft : 6 7\
maximum of 12 jets permitted
Alphanumeric name of ith control Al, A2
BAl718) o] &|jetl{real or fictitious) assumed R1, R2, R3, R4

to be on board spacecraft, any
arbitrary alphanumeric name of
up to three characters

2A1714] Bl

Alphanumeric mnemonic specifying
type of ith jet

= AXIAL, axial jet

= VERNIER, vernier jet

= RADIAL, radial jet

AL, A2 : axial Hej

Al, R2, R3, R4 : radial 3=

=A1719] X

Geometric X-coordinate of ith inches cm
¥ Jet in spacecraft body geometric|Al:-0.070337 -0. 178656
system A2:0.139925 0. 355410
R1:3. 9704800 10, 085019
R2:-4.140930 | -10.517962
R3:-3.946870 { -10.025050
R4:4.1981800 10. 663377
2A719) Y Geometric Y-coordinate of ith inches cm
2H Jet in spacecraft body geometric|Al:40.29940 102. 361848
system A2:-40. 2868 -102. 328472
R1:40,111970 101. 884404
R2:40.084680 101. 815087
R3:-40.11631 | -101.895427
R4:-40.05057 | -101.728448
A718 Z  |Geometric Z-coordinate of ith inches cm
ER: 4 Jet{along geemetric spin axis) [Al:91.5450 232.5243
in the spacecraft body geometric|A2:91.5250 232.4735
system R1:90. 7740 230. 5660
R2:90. 7300 230, 4542
R3:90. 701 230. 3805
R4:90. 706 230. 3932




¥ 2-1. Ao} tiRIRLR(A<)

Ha 2 Definition A 7]
wA}7]12} 912 |Tank systems connected to 25 SYSTEM 1 2} oA
¥ d8ed3 lindividual jets
A AE

A}17]12] A} Name of pulse calibration data |RF pulse 2APHAIZ} &G
ki to use for jet HopAl et

#+}712] spin|Spin offset mounting angle for Al : 40.74789
of fset 2} ith jet: angle between radial A2 @ -46.97493

vector from jet to geometric Rl : 29 71481
spin axis and projection of R2 : -29.65910
thrust vector onto geometric R3 @ 29.67719
spin plane : R4 : -29,77846

= positive, if jet spins up S5/C
= negative, if jet spins down S/C

2i17)2] Precession of fset mounting angle| Al : -89, 78643
elevantion |of ith jet:angle between thrust | A2 : -89, 95896
angle vector and projection anto Rl : -21.7220

geometric spin plane RZ . -21.8800

= positive, if thrust component | R3 : -21.8790
along geometric spin| R4 : -21, 8780
axis is positive

= negative, if this componet is
negative




(3) AAMof tigt zj%

F 3-1. MAj2] ojF2 2lx]|(Sensor name and location}

3 Definition o3 2ty aley the)
MAM2] 4= [Number of sun and earth sensors 4 7)
assumed to be onboard spacecraft
A 2] ol |Alphanumeric name of ith sensor:| EARTHN : earth sensor 1

z} Hej up to six characters. EARTHS : earth sensor 2
And sensor type SN 1 © sun sensor 1
SUN 2 : sun sensor 2
M 2] Xz2}¥ |Geometric X-coordinate of ith EARTHN : earth sensor 1
sensor in spacecraft body EARTHS : earth sensor 2
geometric system SUIN 1 ! sun sensor 1
SUN 2 : sun sensor 2
inches cm
36. 683242 93.175435
14. 687980 37. 307470
22.371770 56. 824300
22.371770 56. 824300
Mx2] YZ}E |Geometric Y-coordinate of ith inches cm
sensor in spacecraft body 15. 948040 40, 508022
geometric system 37. 205690 94, 502453
33.158770 84. 223276
33. 158770 84. 223276
AA 2] Z2I¥ |Geometric Z-coordinate of ith inches cm
sensor in spacecraft body 80. 00 203,20
geonetric system 80. 00 203.20
80.00 203,20
80.00 203.20




3 3-2. MA7} Ax¥H ZHSensor mounting angles)

LEED

Definition

Aa 71

Offset mounting angle in spin

plane of first slit

X7 180.00

Offset mounting angle in spin |earth sensor : 25 180.00
plane of first slit sun sensor @ -145,2790
Elevation offset mounting angle |EARTHN : -4, 897
of second-slit EARTNS : 5.018

sensor : 25 0.0

— AlO -




¥ 3-3. A28 Aoz} (Sensor field of vien)

W] o] Definition =] 7]
M o) 1%  |Upper field of view(FOV)for EARTHN, EARTHS, SUNI, SUNA
Alofz} sensor first slit{measured from |&A]

positive spin axis) 95.147
84.232
45.0
45.0
M) Y% |Left FOV for sensor 0.750
Aloko}z} 0.750
0.5
0.5
M2} olel%& |Lower FOV for sensor first slit 95, 647
Alokz} (measured from positive spin 85.732
axis) 135.0
135.0
M2l 2 E%|Right FOV for sensor 0.750
Alokz} 0. 750
0.5
0.5
Fraction of sun-width at which
sensor responds(i,e,. fraction 2 &
of sun radius as seen from
spacecraft) leading edge
= -1.0 leading edge
= 0 center
= 1.0 trailing edge
Note ' The jet start sector is
affset in the jet firing
sequence by this amount
Fixed sensor time delay. 0.0
(if positive, delay is positive 0.0
in direction of spin from 0.0
reference : if negative, delay 0.0

is negative in direction of
spin from reference)

— A1l -




E 3-3. MAe] xJofz}Sensor field of vien){Al<)

- o] Definition a 7]
Fixed sensor time delay 0.003455 sec
0. 003455
0. 000000
0. 000000
Upper field of view(FOV) for 0.0
sensor second slit(measured from 0.0
positive spin axis) 55.0
55.0
Lower FOV for sensor second slit 0.0
(measured from positive spin 0.0
axis) 125.0
125.0
Tilt angle of sensor first slit 0.0
with respect to meridian 0.0
(positive in direction of spin) 0.0
0.0
Tilt angle of sensor second silt 0.0
with respect to meridian 0.0
(positive in direction of spin} -35.008
-35.008

- Al12 —




(4) 2178218 A7|2Z A|AAE

FE 4-1. $}AAe] A7AZe] 2P A ZHSpoecraft electric delay time)

A o] Definition A 7] (sec)
AlEA}7]2}  [Sum of uplink and downlink 0.01875
EARTHN, EARTHS | spacecraft electric delays 0.01875
SUN1 2} SUN2 |between first control jet and 0.01875
M xjete] A7) lsensors on spacecraft data file 0.01875
I -

A7t

A2521719}  |Sum of uplink and downlink 0.01875
EARTHN, EARTHS |spacecraft electric delays 0.01875
SUN1 =} SUN2 |between first control jet and 0.01875
A 2}e] A7) sensors on spacecraft data file 0.01875
3 Az A

AA|

RIEAI7]19}  |Sum of uplink and downlink 0.03750
EARTHN, EARTHS [ spacecraft electric delays 0. 03750
SUNI 2} SUN2 |between first control jet and 0.03750
Al 2te] A7) |sensors on spacecraft data file 0.03750
A 4139 A

HA|Z

R2E-A}7] 2} Sum of uplink and downlink 0.03750
EARTHN, EARTHS | spacecraft electric delays 0.03750
SIN1 2} SUN2 |between first control jet and 0. 03750
xlx]2}e] A7) isensors on spacecraft data file 0. 03750
3 4139 A

il Py

R3EA}7) &} Fifth control jet and sensors 0.03750
EARTHN, EARTHS 0.03750
SUN1 =} SUN2 0. 03750
N 2le] A7 0. 03750
A A1%2] %

A 2}

R4F-A}71 84 Sixth control jet and sensors 0.03750
EARTHN, EARTHS 0.03750
SUN1 =} SUN2 0. 03750
A 2le] A7) 0. 03750
A Az |

A2

— Al3 —




(5) 2128218 Qtelvte] it 2jg

I 5-1. ¢HE|L}e] Polarity 2} Signal Parameter of ti¥t zl&

Definition

7]

Number of antenna onboard
spacecraft(<2) and its name

17}, ANTENNA 1

Polarization pattern to use from
angle of 0 degree to critical
aspect angle

= RC, right circular

ILC, left circular

Blank, no polarization pattern
used

I

11

LC
left circular

0(A (60° 5

POLCHG

Critical aspect angle at which to
change polarity : leave blnk if
no polarization pattern used

60° 5

POLNAM

Polarization pattern to be used
from critical aspect angle of
180 degrees

RC
right circular

SATERP

Spacecraft effective radiating
pover delivered to spacecraft
angle downlink line losses
internal to spacecraft

38.1 dbm

SATFELQ

Spacecraft downlink transmitting
frequency

136.38 Mz

SATMCU

Miscel laneous spacecraft signal
loss on command uplink between

antenna and spacecraft receiver
(E.G., line losses) : should be
zerc or negative

-5.9 decibels

SATMCD

Miscellaneous spacecraft signal
losses on telemetry downlink
between spacecraft transmitter
and antenna : zero if combined
with spacecraft effective
radiating power

0.0 decibels

—Al4 -




3 5-1. ¢HeLle] Polarity 2} Signal Parameter of ti3t A}E.(Al4)

H =3 o) Definition 3 7}

SATTHR Absclute minimum threshold power -114.6 dbm
level of signal input to

spacecraft receiver in order for
command signal to be intelligently

interpreted
SATMAR Power level margin above threshold
of minimally acceptable uplink | 3.0 decibels

signal input to spacecraft receiver
I

— Al5 —




H 5-2. Aspect angle and Antenna gain

Hg o Definition 3 7]
Data< Number of antenna gain points in
table for uplink right circular 19 7}
(<£20);1left blank if not used {uplink : RC)
Qe Aspect angles at which antenna (degrees)
aspect augle|gains measured for uplink right 0.0, 10.0
circular(in increasing order) : 20.0, 30.0
left blank if not used 40.0, 50,0
60.0, 70.0
80.0, 90.0
100,0, 110.0
120.0, 130.0
140.0, 150.0
160.0, 170.0
180.0
olEiL} Spacecraft antenna gains (decibels)
gain corresponding to aspect angles -14.55, -11.4
cards for uplink right circular -0.0, -7.0
-5.55, -5.1
-4.55, -4.2
-3.8, -2.7
-1.55, -3.0
-4.55, -3.3
-2.05, -0.9
0.4, 1.8
3.45,
Data<s Number of points for uplink left 19 7}
circular (uplink : LC)
Qtefiu} Aspect angles at which antenna (degrees)
aspect augle|gains measured for uplink left 0.0, 10,0
circular(in increasing order) 20.0, 30.0
40.0, 50.0
60.0, 70.0
80.0, 90.0
100.0, 110.0
120.0, 130.0
140.0, 150.0
160.0, 170.0
180.0

— Al6 —




M 5-2. Aspect angle and Antenna gain

B 4= o] Definition 3 7]
QlelL} Spacecraft antenna gains {decibels)
gain corresponding to aspect angles 1.6, 10.45

cards for uplink left circular -1.9, -2.8
-3.4, -3.8
-4.4, -7.3
-10.4, -12.2
-13.9, -15.3
-16.5, -17.6
-18.5, -19.6
-20.5, -21.4
-22.4
Datas Number of points for downlink 19 7§
right circular;left if not used (downlink ; RC)
eleju} Aspect angles at which antenna (degrees)
aspect augle|gains measured for downlink 0.0, 10.0
right circular{in increasing 20.0, 30,0
order) 40.0, 50,0
60.0, 70.0
80.0, 90.0
100.0, 110.0
120.0, 130.0
140.0, 150.0
160.0, 170.0
180. 0
QHE|L} Spacecraft antenna gains (decibels)
gain corresponding to aspect angles -8.05, -6.2
on aspect angle cards for -4.5 -2.8
downlink right circular -1.55, -0.0
2.45, 1.4
~0.05, 1.4
2.45, 1.6
0.95, 0.6
0.45, 0.8
1.4, 2.6
57

— Al17 -




H 5-2. Aspect angle and Antenna gain{Al<)

Ha=3 2 Definition 3 7
Data< Number of points for downlink left 19 7
circular; left blank if not used {downlink : LC)
L} Aspect angles-at which antenna (degrees)
aspect augle|gains measured for downlink 0.0, 10.0
left circular{in increasing 20,0, 30.0
order) 40,0, 50,0
60.0, 70,0
80.0, 90.0
100.0, 110.0
120.0, 130.0
140.0, 150.0
160.0, 170.0
180.0
QL) Spacecraft antenna gains (decibels)
gain corresponding to aspect angles 4.35 3.2
on aspect angle cards for 1.5, -1.0
downlink left circular -2.55, -1.6
-1.0, -3.8
-6.0, -8.0
-9.5, -10.7
-11.6, -12.4
-13.05,-13.8
-14.4, -15.0
-15.5

— Al8 —




(6) HE(Jet)of tht 2tm

H 6-1, A5 ApAoA MEof ¥t 2}H (Continuous jet data)
H4A o] Definition 3 7]
Datas= Number of continuous jet data 6 7l
sets
Datao]-& Name associated with continuous | Al, A2, Rl, R2, R3, RATAE
calibration data CON'1 - CON 6
2 Maximun number of points in the
Data?}- Jet cocldown performance table ; 0
range of values is 0-20:0f O or
blank, no cooldown effect is
assumed for jet
A A2t |Time delay before jet can be 0.0 minutes
restarted after being shut down
7|&8x Reference temperature at which 23.00° C
calibration data was calculated
WA o] Definition g 2+ 9 nlely T
Continuous thrust C1 =0.048218 1b | C; = 0.0214484 N
coefficients for Al | C2 = 0.0055694 1b | Cz = 0.0247739 N
Cs = -0.0000038 1b | C3 = -0.00000169 N
Cs =00 Cs = 0.0
Cs = 0.0 Cs = 0,0
Cs = 0.0 Ce = 0.0
Cz =00 Cr =00
Specific impulse Ci = 224.99 sec | C; = 224.99 sec
coefficients for Al | C2 = 0.038783 sec | Cz = 0.038783 sec
C3 = 0.0000132 sec | C3 = 0.00000132 sec
Cs = 0.0 Cs = 0.0
Cy = 0.0 Cs = 0.0
Ce = 0.0 Ce = 0.0
C7 = 0.0 Cz =0.0

— Al19 -




H 6-1. Q&Aoo A Eo] it A}R (Continuous jet data)(Alk)
T3 e Definition =] 7]
Continuous thrust Cp =0.075481 1b | C; = 0.335756 N
coefficients for A2 | C; = 0.0053265 ib | C; = 0.0236935 N
Cz = 0.0000034 1b | C3 = 0.0000151 N
Cs = 0.0 Cs =0.0
Cs =00 Cs = 0.0
Ce = 0.0 Cs = 0.0
Cr = 0.0 C = 0.0
Specific impulse Ci =231.19 sec | £ = 231.19 sec
coefficients for A2 | Cz = -0.0013302sec | Cz = -0, 0013302sec
C3 = 0.00004826sec | C3 = 0,00004826sec
Cs =0.0 Csy = 0.0
Cs =0.0 Cs = 0.0
Cs = 0.0 Ce = 0.0
C; =0.0 C; =0.0
Continucus thrust Ci =0.058754 1b | C; = 0.261351 N
coefficients for Rl | C2 = 0.0056159 1ib | Cz2 = 0.0249807 N
C3 = -0.0000038 1b | C3 = -0,00000169 N
Cs = 0.0 Cqy = 0.0
Cs = 0.0 Cs =00
Ce = 0.0 Ce = 0.0
Cry =00 C7 = 0.0
Specific impulse Ci = 216.44 sec | C; = 216.44 sec
coefficients for R1 | C2 = 0.0867100 sec | C2 = 0.0867100 sec
C3 = -0.0000128 sec| C3 = 0,0001286 sec
Cs = 0.0 Csy = 0.0
Cs = 0.0 Cs = 0.0
Cg = 0.0 Cs = 0.0
C =0.0 Cr =00
Continuous thrust Ci = 0.04991 Ib | C; = 0.222011 N
coefficients for R2 | C2 = 0.005596 1b | C2 = 0.0248958 N
Cs =-0,0000037 1b | C3 =-0.0000165 N
Cs = 0.0 Cs = 0.0
Cs = 0.0 Cs = 0.0
Cs = 0.0 Cs = 0.0
Cr = 0.0 Cz = 0.0




H 6-1. ALEaptAlofA] AEo] Tyt Ap7 (Continuous jet data)(Al<)
| Definition A 7]
Specific impulse Cy = 207.61 sec | C; = 207.61 sec
coefficients for R2 | Cz = 0.1177100 sec | C2 = 0.1188100 sec
C3 =-0.00001144sec | C3 =-0.0001144 sec
Cs = 0.0 Cs =00
Cs = 0.0 Cs = 0.0
Ce = 0.0 Ce = 0.0
C; =00 Cr =0.0
Continuous thrust Cy = 0.0556247 1b | C; = 0.250199 N
coefficients for R3 | C2 = 0,0056034 1b | C» = 0,0249252 N
€3 = -0.000003% 1b | C3 = -0,0000173 N
Cs =00 Cs =00
Cs; = 0.0 Cs = 0.0
Ce = 0.0 Ce = 0.0
C7 =00 C7 =0.0
Specific impulse C1 =230.23 sec | Ci = 224.99 sec
coefficients for R3 | Cz =-0,027426 sec | Cz =-0,027426 sec
Cs = 0.00014122sec | C3 = 0.00014122 sec
Cs =0.0 Cs = 0.0
Cs = 0.0 Cs = 0.0
Ce = 0.0 Ce = 0.0
Cr = 0,0 Cr =0.0
Continuous thrust Cy =0,063758 1b | C; = 0.283610 N
coefficients for R4 | C2 = 0,0055934 1b | C2 = 0.0248807 N
Cs =-0.0000040 1b | C3 = 0.0000178 N
Cs =0.0 Cysy =00
Cs = 0.0 Cs = 0.0
Ce = 0.0 Ce = 0.0
Cz = 0.0 Cz = 0.0
Specific impulse C, = 230.94 sec | C1 = 230.94 sec
coefficients for R4 | Cz =-0.046604 sec | C2 =-0.046604 sec
Cs = 0.0001305 sec | C3 = 0.0001305 sec
Cs = 0.0 Cs = 0.0
Cs; = 0.0 Cs = 0.0
Ce = 0.0 Ce = 0.0
Cr7 = 0.0 Cz = 0.0




I 6-2. HAFAL WAofA] 2} Baprlof oiit AMalE |

Hag o Definition 3 7
Datac] & Name associated with pulse Al, A2, R1, R2, R3, R4
calibration data A2 PUL1 - PUL 6
A¥ 2l |Maximum number of spin rates and
2 P associated pulse widths at which
calibration data{effective 3 A
impulse, thrust centroid, and
spectific impulse) are available
; range of the valnes is 0 - 3 .
if 0 or blank, data are available
for only one spin rate or are
independent of spin rate
FelH A4  |Maxioum number of pulses before 400 pulses
(impulse) impulse data reaches steady state
Zt|HA4  |Maximum number of pulses before 150 pulses
(ISP) ISP data reaches steady state
#) Y44 |Maximum number of pulses before 200 pulses
(centroid) [centroid data reaches steady state
%|t] data |Maximun number of points in the 4 7§
b & jet cooldown performance table;
of 0 or blank, no cool-down
effect is assumed for jet
x| H A 2L Time delay before jet can be 0.Ominutes

restrated after being shut down




R 6-3. Z} £A}7]of iyt AR=lE I1(FB2ALA 94))

Definition

First cool-down time from steady
state jet shutdown

5.0 minutes

Corresponding effective starting
pulse

4.0 minutes

Second cool-down time from steady
state jet shutdown

15.0 minutes

Corresponding effective starting
pulse

2.0 minutes

Third cool-down time from steady
state jet shutdown

20.0 minutes

Corresponding effective starting
pulse

1.0 minutes

Forth cool-down time from steady
state jet shutdown

25.0 minutes

Corresponding effective starting
pulse

0.0 minutes

Spin rates{a maximum of three
spin rates) at which pulsed
calibration data are available ;
spin rates must be in increasing
order, and if calivration data
are independent of spin rate or
abailable for only one spin rate
card is left blank

»

(revolutions per minute}

Spin 1 rate : 50.0
Spin 2 rate : 75.0
Spin 3 rate : 100.0

Pulse width of data measured at 45, (0 degrees
associated spin 1 rate
Pulse width of data measured at 45.0 degrees
associated spin 2 rate
Pulse width of data measured at 45.0 degrees

associated spin 3 rate




H 6-4. Al Exp7loll iyt ARAF(HA A}

A o] Definition oq F <t ¢ alely whel
Reference pressure 200.0 1B/in2 ~PDE 7|4t
associated with each 13.789514 bars
spin rate 1 bar = 15°N/m2
Reference temperature
assicuated wutg each 23.00° C 23.00 ° C
spin rate
Coefficient for C1= 0.048883 1b sec| €y = 0.217442 N sec
rotational impulse C2= 0,032062 1b sec| C2 = 0.142619 N sec
polynominal C3=-0. 0028364 lbsec|{ C3 =-0,0126169N sec
associated with C4= 0.83638 Cs = 0.83638
spin 1 rate Cs5=-0. 015095 Cs =-0,015095

Ceé= 0.0 Ce = 0.0

C7= 0.0 C; =0.0
Coefficient for Ci= 0.010071 1b sec| C; = 0.044798 N sec
rotational impuise C2= 0.027701 1b sec| Cz = 0,123220 N sec
polynominal C3=-0.0023652 1bsec| C3 =-0.0105209N sec
associated with Cs= 0.81580 Cs = 0.81580
spin 2 rate Cs5=-0. 140825 Cs =-0.14080

Ce= 0.0 Ce = 0.0

Cz= 0.0 Cr = 0.0
Coefficient for C1=-0.0087214 lbsec| C; =-00387947 N sec
rotational impulse Cz2= 0.025401 1lbsec| Cz = 0.112983 N sec
polynominal C3=-0.0021649 lbsec| C3 =-0.0126169N sec
associated with Cqa= 0.82820 Ce = 0.82820
spin 3 rate Cs=-0. 018505 Cs =-0.018505

Ce= 0.0 Ce = 0.0

C7= 0.0 Cz = 0.0
Coefficient for Ci= 94.706 sec| C; = 94,706 sec
rotational specific | Cz2= 49,533 sec| Cz = 49,533 sec
impulse polynominal | C3=-5.5213 sec| C3 =-5.5213 sec
associated with Cs4= 0.10839 Cs = 0.10839
spin 1 rate Cs=-0, 014106 Cs =-0.014106

Cg= 0.0 Ce = 0.0

C7= 0.0 C =0.0

~ A24 -




I 6-4. Al EAP7]0l tidt AP g (HA AP (Al4)

23] o] Definition q = © 4 uley] T
Coefficient for Ci= 62.585 sec| C; = 62,585 sec
rotational specific | Cz= 54.399 sec| C; = 54.399 sec
impulse polynominal | C3=-5.6440 sec| C3 =-9,6440 sec
associated with Cqs= 0.11776 Ca =0.11776
spin 2 rate Cs5=-0. 14218 Cs =-0.14218

Ce= 0.0 Cs = 0.0

C7= 0.0 Cr = 0.0
Coefficient for Ci= 29,697 sec| C; = 29.697 sec
rotational specific | C2= 63.622 sec| Ca = 63.622 sec
impulse polynominal | C3=-6.5062 sec| C3 =-6, 5062 sec
associated with C4= 0.15928 Cq4 = 0.15928
spin 3 rate Cs5=-0. 019984 Cs =-0.019984

Ce= 0.0 Ce = 0.0

C= 0.0 Cr =0.0
Coefficient for Ci= 0.11810 sec| C; = 0.11810 sec
rotational centroid | Cz=-0, 014696 sec| Cz =-0.014696 sec
polynominal C3= 0.0014489 sec| C3 = 0.0014489 sec
associated with C4=-0.21270 Cqy =-0.21270
spin 1 rate Cs= 0.029966 Cs = 0.029966

Ce= 0.0 Ce = 0.0

Cr= 0.0 Cr =00
Coefficient for C;= 0.088790 sec| C; = 0,088790 sec
rotational specific | C2=-0.0102980 sec| Cz =-0.010280 sec
impulse polynominal | Cz= 0.00067193 sec| C3 = 0.00067193 sec
associated with C4=-0.27249 Cs =-0.27249
spin 2 rate Cs= 0.036345 Cs =-0.036345

Ce= 0.0 Ce = 0.0

C7= 0.0 C7 = 0.0
Coefficient for Ci= 0.065622 sec| C; = 0.065622 sec
rotational specific | C2=-0.0025638 sec| Cz =-0.0025638 sec
impulse polynominal | C3=-0,0003698 sec| C3 =-0.0003698 sec
associated with Cs=-0. 30437 Cs =-0,30437
spin 3 rate Cs= 0.032978 Cs = 0.032978

Ce= 0.0 Cs = 0,0

C7= 0.0 C7 = 0.0




I 6-5. AZ P71 tht ABAR(HAFTAL

Bl

)

[o B |
7 ¢ Definition q = T ¥ oe Y the]

Reference pressure 200.0 1b/in? 13. 789514 bars
associated with each
spin rate
Reference pressure 23.00° C 23.00° C
associated with each
spin rate
Coefficient for Ci= 0.049181 1b sec| C; = 0.218768 N sec
rotational impulse Cz2= 0.032307 1b sec| Cz = 0,143709 N sec
polynominal C3=-0.0028260 1bsec| C3 =-0.0125707N sec
associated with Cq= 0.83638 Cs4 = 0,83633
spin 1 rate Cs5=-0.015095 Cs =-0.015095

Ceé= 0.0 Ce = 0.0

C7= 0.0 Cr = 0.0
Coefficient for Ci= 0.0095172 lbsec| Ci1 = 0.0423346N sec
rotational impulse Ca= 0.027574 1b sec| Cz = 0.122655 N sec
polynominal C3=-0.0016835 lbsec| C3 =-0.0074886N sec
associated with Ca= 0, 81580 Cs = 0.81580
spin 2 rate Cs5=-0. 014082 C; =-0.14082

Ce= 0.0 Cé = 0.0

Cz= 0.0 C7 = 0.0
Coefficient for C1=-0.010062 1b sec| C; =-0,044758 N sec
rotational impulse Cz= 0.00249581b sec| Cz = 0.111019 N sec
polynominal C3=-0.0020545 1bsec| C3 =-0.0091389N sec
associated with Cq= 0.82820 Ca = 0,82820
spin 3 rate Cs5=-0. 018505 Cs =-0.018505

Ce= 0.0 Ce = 0.0

C7= 0.0 Cr = 0.0
Coefficient for C1= 89.018 sec| C; = 89.018 sec
rotational specific | Ca= 54.104 sec{ Cz = 54,104 s5ec
impulse polynominal | C3=-6.0335 sec| 3 =-6.0335 sec
associated with C4= 0.10839 Cs = 0.10839
spin 1 rate C5=-0.014106 Cs =-0.014106

Ce= 0.0 Ce = 0.0

Cz= 0.0 Cr = 0.0




6-5. A2 EA}7)of thyt AT (HATE A

%)

1!1'

Definition o = o ol ey il
Coefficient for C1= 55,952 sec = 55,952 sec
rotational specific | Cz= 59.685 sec = 59685 s5ec
impulse polynominal | C3=-6. 3600 sec =-6, 3600 sec
associated with Cq= 0.11776 = 0.11776
spin 2 rate Cs=-0.014218 =-0.014218

Cs= 0.0 =0.0

C:= 0.0 = 0.0
Coefficient for Ci= 29,730 5ec = 29.730 sec
rotational specific | Cz= 61,430 sec = 61.430 sec
impulse polynominal | C3=-5.9739 SEBC =-5,9739 sec
associated with Cs= 0.15928 = 0.15928
spin 3 rate C5=-0, 019984 =-0. 019984

Cs= 0.0 = 0.0

Cz= 0.0 = 0.0
Coefficient for Ci1= 0.12478 sec = 0.12478 sec
rotational centroid | Cz2=-0.017652 sec =-0. 017652 sec
associated with C3= 0.0016835 sec = 0.0016835 sec
spin 1 rate C4=-0,21270 =-0. 21270

Cs=-0. 029966 = 0.029966

Ce= 0.0 = 0.0

Cy= 0.0 = 0.0
Coefficient for Ci= 0.096807 sec = 0,096807 sec
rotational centroid | C2=-0.0143100 sec =-0, 0143100 sec
associated with C3= 0.00108760 sec = 0.00106760 sec
spin 2 rate C4=-0.27249 =-0, 27249

Cs= 0.036345 = 0.036345

Ce= 0.0 =00

C7= 0.0 = 0.0
Coefficient for Ci= 0.079376 sec = 0,079376 sec
rotational centroid | C2=-0.0105610 sec =-0.0105610 sec
associated with Ca= 0.0005441 sec = 0.0005441 sec
spin 3 rate C4=-0. 30437 =-0, 30437

Cs= 0.032978 = 0.032978

Ce= 0.0 =0.0

C= 0.0 =0.0




H 6-6, Rl FA7ol oy ABAZT(HAEA

)

)

ek Definition o X w9 oley ©ie)

Reference pressure 200.0 1b/in2 13. 789514 bars
associated with each
spin rate
Reference pressure 23.00° C 23.00° C
associated with each
spin rate
Coefficient for Ci= 0.061417 1b sec| Ci = 0.273196 N sec
rotational impulse Cz2= 0.02293161b sec| Cz2 = 0.130404 N sec
polynominal C3=-0,0025791 lbsec| C3 =-0.0114724N sec
associated with Cs= 0.83638 Cq4 = 0,83638
spin I rate Cs=-0, 015095 Cs =-0.015095

Ce= 0.0 Ce = 0.0

C7= 0.0 Cr = 0.0
Coefficient for Ci= 0.025755 1b sec| C; = 0.114564 N sec
rotational impulse Cz= 0.023463 1b sec| C2 = 0.104369 N sec
polynominal Cz=-0.0019933 lbsec| C3 =-0.0088666N sec
associated with Cs= 0.81580 Cs = 0.81580
spin 2 rate Cs=-0.014082 Cs =-0.014082

Ce= 0.0 Ce = 0.0

Cr= 0.0 C7 = 0.0
Coefficient for C1=-0,002994601bsec| C; =-0.0133206N sec
rotational impulse Cz2= 0.00225161b sec| C2 = 0.100156 N sec
polynominal C3=-0.0019267 lbsec| C3 =-0.0085704N sec
associated with C4= 0, 82820 Cs = 0,82820
spin 3 rate C5=-0. 018505 Cs =-0.018505

Cg= 0.0 Ce = 0.0

Cr= 0.0 C7 = 0.0
Coefficient for Ci= 104.08 sec| C; = 104,08 sec
rotational specific | C2= 45.534 sec| Cz = 45.534 sec
impulse polynominal | C3=-5, 0690 sec| C3 =-5.0690 sec
associated with C4= 0.10839 Cqs = 0,10839
spin 1 rate C5=-0.014106 Cs =-0.014106

Ce= 0.0 e = 0.0

Cz= 0.0 Cy =0.0




3 6-6. Rl TAP7|oll th3} AR (HAZAPLA]) (AS)

39 Definition d = © ¢ nE'g Thel
Coefficient for Ci= 78.236 sec| C; = 78.236 sec
rotational specific | Cz= 55.058 sec| C2 = 55,058 sec
impulse polynominal | Cs=-5.9387 sec| C3 =-5,9387 sec
associated with Cs= 0.11776 Cs4 = 0.11776
spin 2 rate Cs5=-0.014218 Cs =-0.014218

Ce= 0.0 Ce = 0.0

C7= 0.0 C;7 = 0.0
Coefficient for Ci= 49, 648 secl C; = 49.648 sec
retational specific | C2= 61,055 sec|{ Cz = 61.055 sec
impulse polynominal | C3=-6. 4483 sec| C3 =-6.4483 sec
associated with Cq= 0.15928 Cq4 = 0,.15928
spin 3 rate C5=-0.019984 Cs =-0.019984

Cs= 0.0 Ce = 0.0

C7= 0.0 Cy = 0.0
Coefficient for Ci=0,11132 sec| C; = 0.11132 5ec
rotational centroid | Cz=-0. 015201 secf Cz =-0.015201 sec
associated with C3= 0.0015201 sec| C3 = 0.0015679 sec
spin 1 rate C4=-0.21270 Cs =-0.21270

Cs=-0. 029966 Cs = 0, 029966

Ce= 0.0 Ce = 0.0

Cz= 0.0 Cz = 0.0
Coefficient for Ci= 0.080790 sec| C; = 0.080790 sec
rotational centroid | Cz=-0.010013 sec| Cz =-0.0100130 sec
associated with Cs= 0.0078226 sec| C3 = 0.00078226 sec
spin 2 rate Ca=-0.27249 Cs =-0.27249

Cs= 0.036345 Cs = 0,036345

Cs= 0.0 Cg = 0.0

C= 0.0 Cr = 0.0
Coefficient for C1= 0.063114 sec| C; = 0.063114 sec
rotational centroid | Cz=-0.0048654 sec| Cz =-0.0048654 sec
associated with C3= 0.0000281 sec| C3 = 0.000028]1 sec
spin 3 rate C4=-0. 30437 Cs =-0,30437

Cs= 0.032978 Cs = 0.032978

Cs= 0.0 Ce =00

Cz= 0.0 Cz =0.0




X 6-7. RZ A7)0 oyt Aot m (B AEANYA])

H4R Definition 4 F < 4 nlE ] e
Reference pressure 200.,0 1bsin? 13. 789514 bars
associated with each
spin rate
Reference pressure 23.00° C 23.00° C
associated with each
spin rate
Coefficient for Ci= 0.052816 1b sec| C; = 0.234937 N sec
rotational impulse Cz= 0.031631 1b sec| Cz = 0.140702 N sec
polynominal C3=-0.0027743 lbsec| C3 =-0,0123407N sec
associated with Ca= 0.83638 Cs = 0.83638
spin | rate Cs=-0.015095 Cs =-0.015095

Ce= 0.0 Ce = 0.0

C= 0.0 Cr = 0.0
Coefficient for C1= 0.012856 1b sec| C; = 0.057186 N sec
rotational impulse Cz2= 0,027383 1b seci Cz2 = 0.121806 N sec
polynominal C3=-0.0023012 1bsec| C3 =-0,0102362N sec
associated with Cq4= 0.81580 Cs4 = 0.81580
spin 2 rate Cs=-0,014082 Cs =-0.014082

Ce= 0.0 Cs = 0.0

C7= 0.0 Cy = 0.0
Coefficient for Cy=-0.0085033 lbsec| C; =-0,0378246N sec
rotational impulse C2= 0.025149 1bsec| Cz = 0.111868 N sec
polynominal C3=-0. 0020624 1bsec| C3 =-0,L0091740N sec
associated with Cq4= 0.82820 Cs = 0.82820
spin 3 rate Cs=-0.018505 Cs =-0.018505

Ce= 0.0 Ce = 0.0

Cr= 0.0 Cr = 0.0
Coefficient for Ci= 93.319 sec| C; = 93.319 sec
rotational specific | C2= 51.138 sec| Cz = 51.138 sec
impulse polynominal | C3=-5.0692 secj C3 =-5.6992 sec
associated with C4= 0.10839 Cs4 = 0.10839
spin 1 rate C5=-0.014106 Cs =-0.014106

Ce= 0.0 Ce = 0.0

C7= 0.0 Cz = 0.0

— A30 -




6-7. R2 ZAL7]of thyt AR (HAEAPYA) (A%)

A 2} Definition o = g 9 olely T4
Coefficient for Ci= 60.838 sec| C; = 60,838 sec
rotational specific | Cz= 58.213 sec| C2 = 58,213 sec
impulse polynominal | C3=-6.0522 sec| C3 =-6,0522 sec
associated with Cs= 0.11776 Cs = 0.11776
spin 2 rate Cs=-0,014218 Cs =-0.014218

Ce= 0.0 Cé = 0.0

C= 0.0 C7 = 0.0
Coefficient for Ci1= 31,309 sec| Ci = 31.309 sec
rotational specific { Cz= 61,581 sec| C2 = 62.581 sec
impulse polynominal | C3=-6.1388 sec| C3 =-6.1388 s5ec
associated with Cq4= 0.15928 Cq = 0.15928
spin 3 rate C5=-0, 019984 Cs =-0.019984

Ce= 0.0 Ce = 0.0

C7= 0.0 Cz = 0.0
Coefficient for Ci= 0.11175 sec] C; = 0.11175 sec
rotational centroid | Cz=-0.013327 sec| C2 =-0,013327 sec
associated with C3= 0.0011982 sec| C3 = 0.0011982 sec
spin 1 rate Cs=-0.21270 Cq4 =-0.21270

C5=-0.029966 Cs = 0.029966

Ce= 0.0 Ce = 0.0

C7= 0.0 Cr =0.0
Coefficient for Ci1= 0.083796 sec| C; = 0,080796 sec
rotational centroid | C2=-0.00097792 sec| Cz =-0.0097792 sec
associated with Ca= 0.00061816 sec| C3 = 0.00061816 sec
spin 2 rate C4=-0,27249 Cq =-0.27249

Cs= 0.036345 Cs = 0,036345

Cs= 0.0 Ce = 0.0

Cz= 0.0 €z = 0.0
Coefficient for Ci= 0.0683679 sec| C; = 0.068679 sec
rotational centroid | C2=-0.0056495 sec| Cz2 =-0.0056495 sec
associated with Ca= 0.0000364 sec| C3 = 0.0000364 sec
spin 3 rate Ca=-0. 30437 Cq =-0.30437

Cs= 0. 032978 Cs = 0,032978

Ce= 0.0 Cs = 0.0

Cz= 0.0 Cr = 0.0
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Definition od F < ¢ ey whe
Reference pressure 200.0 1b/in2 13. 789514 bars
associated with each
spin rate
Reference pressure 23.00° C 23.00° C
associated with each
spin rate
Coefficient for Ci= 0.044537 1b sec = 0.198110 N sec
rotational impulse 2= 0.033817 1b sec = 0,150426 N sec
polynominal Ca=-0.0029741 1bsec =-0.0132295N sec
associated with Cq4= 0. 83638 = 0.83638
spin 1 rate Cs=-0.015095 =-0, 015095

Ce= 0.0 = 0.0

C7= 0.0 = 0.0
Coefficient for Ci= 0.013327 1b sec = 0.059281 N sec
rotational impulse Cz= 0.026456 1b sec = 0.117682 N sec
pelynominal C3=-0.0022656 lbsec =-0, 0100779N sec
associated with Cq= 0.81580 = (. 81580
spin 2 rate Cs=-0.014218 =-(.014218

Ce= 0.0 = 0.0

Cz= 0.0 = 0.0
Coefficient for C1=-0.0069256 lbsec =-0). 030B066N sec
rotational impulse Ca= 0.023836 1b sec = (0.106028 N sec
polynominal C3=-0, 0019696 1bsec =-0, 0087612N sec
associated with Ca= 0, 82820 = 0.82820
spin 3 rate Cs=-0, 018505 =-0. 018505

Ce= 0.0 = 0.0

Cz= 0.0 = 0.0
Coefficient for Cy= 87.271 sec = 874271 sec
rotational specific | C2= 53.472 sec = 53.472 sec
impulse polynominal | C3=-5,9387 sec =-5.9387 sec
associated with Cs= 0.10839 = 0.10839
spin 1 rate Cs5=-0.014106 =-0.014106

Ce= 0.0 =0.0

Cy= 0.0 = 0.0
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4= o] Definition o Z ot ¢ o ey el

Coefficient for Ci= 59.673 sec| C1 = 59.673 sec
rotational specific | C2= 58.660 sec| Cz = 58.660 sec
impulse polynominal | C3=-6.2726 sec| C3 =-6,2726 sec
associated with Cq4= 0.11776 Cs = 0.11776
spin 2 rate Cs=-0.014218 Cs =-0,014218

Ce= 0.0 Ce = 0.0

C7= 0.0 C; = 0.0
Coefficient for Ci= 32,563 sec| C; = 32.563 sec
rotational specific | Cz= 61.326 sec| Cz2 = 61.326 5ec
impulse polynominal | C3=-6, 1451 sec| C3 =-6,1451 sec
associated with Ca= 0.15928 Cq4 = 0.15928
spin 3 rate Cs=-0.019984 Cs =-0,019984

Ceé= 0.0 Ce = 0.0

Cr= 0.0 C7 = 0.0
Coefficient for C1=0.11984 sec| Ci = 0.11984 sec
rotational centroid | Cz2=-0.014584 sec| Cz =-0.014584 sec
associated with Cs= 0.0013161 sec| C3 = 0.0013161 sec
spin 1 rate C4=-0.21270 Cs =-0.21270

Cs5=-0.029966 Cs = 0.029966

Ce= 0.0 Ce = 0.0

Cr= 0.0 C = 0.0
Coefficient for C1= 0.088299 sec| C1 = 0.080790 sec
rotational centroid | Cz=-0.0095347 sec| C; =-0.0100130 sec
associated with Cs= Q. 00056077 sec| C3 = 0.00078226 sec
spin 2 rate Cs4=-0.27249 Cs =-0,27249

Cs= 0,036345 Cs = 0,036345

Ce= 0.0 Ce = 0.0

=0.0 C7 = 0.0

Coefficient for Ci= 0,070637 sec| Ci = 0.070637 sec
rotational centroid | C2=-0.0049004 sec{ Cz =-0,0049004 sec
associated with Cs= 0.0001742 secl| C3 =-0.0001742 sec
spin 3 rate C4=-0, 30437 Cqs =-0.30437

Cs= 0,032978 Cs = 0.032978

Ce= 0.0 Cs =0.0

C7= 0.0 =0.0
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)

9] Definition % = < ¢l ey e
Reference pressure 200.0 1b/in? 13. 789514 bars
associated with each
spin rate
Reference pressure 23.00° C 23.00° C
associated with each
spin rate
Coefficient for Ci1= 0.048287 1b sec|{ C; = 0.214791 N sec
rotational impulse Ca= 0.032822 1b sec| C2 = 0.146000 N sec
polynominal C3=-0.0028876 lbsec] C3 =-0.0128447N sec
associated with C4= 0,83638 Cq4 = 0.83638
spin 1 rate Cs5=-0, 015095 Cs =-0.015095

Cs= 0.0 Ce = 0.0

Cs= 0.0 €7 = 0.0
Coefficient for C1= 0.015136 1b sec| C; = 0.067328 N sec
rotational impulse Cz= 0.025642 1b sec| C;z = 0.11406] N sec
polynominal C3=-0.0021317 lbsec| C3 =-0.0094823N sec
associated with Cq= 0.81580 Cs = 0.81580
spin 2 rate Cs=-0. 014082 Cs =-0,014082

Ce= 0.0 Ce = 0.0

C7= 0.0 Cz =0.0
Coefficient for C1=-0, 0070209 1bsec| C; =-0.0312305N sec
rotational impulse C2= 0.024339 1b sec| C2 = 0.108265 N sec
polynominal C3=-0.0020140 1lbsec| Cs =-0.0089587N sec
associated with Ca= 0, 82820 Cqs = 0.82820
spin 3 rate C5=-0. 018505 Cs =-0.018505

Ce= 0.0 Ce = 0.0

C7= 0.0 Cr =0.0
Coefficient for Ci= 89.519 sec| C; = 89.519 sec
rotational specific | Cz= 50. 496 sec| Cz = 50,496 sec
impulse polynominal | C3=-5.5689 sec| C3 =-5.5689 sec
associated with Cq= (. 10839 Cq4 = 0.10839
spin 1 rate Cs=-0.014106 Cs =-0.014106

Ce= 0.0 Cs = 0.0

C7= 0.0 Cr = 0.0
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Definition I | ey The]
Coefficient for Ci= 66,267 sec| Cy = 66. 267 sec
rotational specific | Ca= 60.369 sec| Ca = 60,369 sec
impulse polynominal | C3=-6.3469 sec| C3 =-6.3469 sec
associated with Cs= 0.11776 Cs = 0.11776
spin 2 rate Cs5=-0.014218 Cs =-0.014218

Ce¢= 0.0 Ce = 0.0

Cz= 0.0 Cr = 0.0
Coefficient for Ci= 31,931 sec| C; = 31.931 sec
rotational specific | Cz= 63.623 sec| C2 = 63.623 sec
impulse polynominal | C3=-6.3363 sec| C3 =-6.3363 sec
associated with Cs= 0.15928 Cq = 0,1592
spin 3 rate Cs5=-0.019984 Cs =-0.019984

Ce= 0.0 Ce = 0.0

Cy= 0.0 Cr =0.0
Coefficient for Ci= 0.11534 sec| C; = 0,11534 sec
rotational centroid | Cz2=-0.014563 sec{ Cz =-0.014564 sec
associated with C3= 0.0013552 sec| C3 = 0.0013552 sec
spin 1 rate C4=-0.21270 Cq =-0.21270

Cs5=-0. 0295966 Cs = 0.029966

Ce= 0.0 Ce = 0.0

C7= 0.0 Cz =0.0
Coefficient for Ci= 0.084150 sec| Cp = 0.084150 sec
rotational centroid | C2=-0.0085731 sec| Cz =-0.0085731 sec
associated with Ca= 0.00041898 sec| C3 = 0.00041898 sec
spin 2 rate Cs=-0, 27249 Cqy =-0.27249

Cs= 0.036345 Cs = 0.036345

Cs= 0.0 Ce = 0.0

Cy= 0.0 Cy = 0.0
Coefficient for Cy= 0.0062521 sec| C; = 0.062521 sec
rotational centroid | Cz=-0.0003537 sec| C; =-0.0003537 sec
associated with Cz= 0.000772 sec| C3 =-0.0007772 sec
spin 3 rate Ca=-0.030437 Cq =-0.30437

Cs= 0.032978 Cs = 0.032978

Ceé= 0.0 Ce = 0.0

C7= 0.0 C; = 0.0
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