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ABSTRACT

The initial conditions that generate bounded motion in eccentric reference orbit are
determined for satellite formation flying. Because Hill’s equations cannot describe
the relative motion between two satellites in eccentric orbit, a new relative dynamics
utilizing the nonlinearity and eccentricity correction for Hill’s initial conditions is im-
plemented. The constraint that matches angular rates of chief and deputy satellites is
used to obtain the bounded motion between them. The constraint can be applied to
satellite formation motions in eccentric orbit, since it implicates J2 perturbation due
to the central body’s aspherical gravitational forces. The periodic bounded motions

are analyzed for the orbit with the eccentricity of less than 0.05 and about 0.5 km
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relative distance between chief and deputy satellites. It is mainly illustrated that
the satellite formations in small eccentric orbits can have bounded motions; conse-
quently, the formation can be kept by matching angular rates of the satellites. These
results demonstrate an useful method that reduces the cost for operating satellites by

providing effective initial conditions for satellite formation flying in eccentric orbit.
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29 1. ¥4 {2 Hl(Vadali, Alfriend, & Vaddi 2000).

FAtH(Schaub et al. 1999).
2
Q=—-15J (1—25-) n.Cos ¢
4
2
w = 0.75J, (%?) n(5cos’ i — 1)

2
M =n+0.75J2/1 — €2 (%) n(3cos®i —1) (2)

A7 Q= $239 A, vt AW 2, ML F7 2872, i AEAAD, 2 A oA E,
=a(l—e?), 149 BT Z4E n = /p/a?, J> = 00010826269, a= H % F2+7 olc}. Schaub
& Alfriend(2001)+= 4] (2)8] FES AHR3te 2HAT B9 Aoz AE FNFL
2 gAA fAXNZ22AN J2 A5 o A4 Azl "ol FAL BYE 949
45 e 0, M, Q3 A83te] = o5 A WSE A (204 B § Axe) J29) gto] ®
o] Q17 Wi2of J29o] 43S 1A} XVRAL AAFIAR EE2 AL AL T 5 Uk F
A4 B AEEE IAAA APPFgo g AT A FA7L 75 e Aotk o AP L 4
© 2 e E oS3 Zth(Vadali, Alfriend, & Vaddi 2000).

(g + Myg) cos(di) — (e + M.) + (g ~ ) cos(ic) 20 3)

e, Me, Qe ic® 247 2949 A= W3Ol wg, My, Qe BHA) A= 438E e}
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A 1)9) AzRE A0 AdAA 5L 71Es] A 272 AE Tk 94 dog 2
o] B RAFEE 7Hg st 4 (1)9) AU & Foth FENAFAZE AU
Bl FAAHL2RE 22 A€ FASHHEA AARAY yz Yo FIE X F EF5e=
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FdRAFAAd o g 4 (1) s thS 3} Zth(Vadali, Alfriend, & Vaddi 2000).
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gasch 12 45S 2887 f3td 2712 A& Rl oA A (6) Hill A 4] 9] 39} 3
A4 ()9 FE2AS AL 4 (6)oA goll EF AL APVFo22) AL F X A7+
Z79 4 4)2 At

FARY Az 847t FolATtL T o BAAHY A=LAE 7T thg FAALT E949 A
E24E AQ) Qe Q,0, M9 & T ol F e 752D A (9o dYse] BEae
219 JRE gotEtt ol f4Y ArdE S Sl E = FAFRA ML ol 7] Wi 9
279 AR READ AAFRA L] o2 MBI Ak Tk 4 (4)F WEA = AT EAA
o A=84E B3 @oiA AR FANA 1,y,2,2,9,27F 124 5& st Fr1H oz 94
7t A 4AEA st 2712 Aolth o|EA Fol U2 AE AFR A A=A} HE 5}
£ 2% 29 JepQdTh

FAAH) ASLAE [aeiw Q M) =[7100km 0.005 70° 0° 0° 0°]2} 733t AT A4
Arole] Agl p=0.5km, £G4 Atole) 749l 947 o =0°0]2tal 31AL 4] (6)9) Bl Pdte] A& %



26 LEE et al.

z (km)
z (km)

[
¥ (km}

(a) (b)

2% 2. (a) Hill’s IC(Initial Condition)?h& AHR3E 4, (b) J24 5 & EAHS7] Hs 75248 HE3 4L

z = 0km
y = 0.5km
z = 0km

= 0.25n:km/s

gy =0km/s
z = 0.5n:km/s ™)
4 ()8 B2 272 AL g3} 2}
z = 0km
y = 0.5km
z = 0km

& = 0.24999n.km/s _

§ = —5.27298 x 10~ *n.km/s
# = 0.499989n.km/s : (8)
“ 3% 2a+ Hill 3 49 d s AFEsle] 23 2712 A& A2 Aol JPL(Jet Propulsion
Laboratory) ol 4 & ASAP(Kwok 1987)& AE-3ted o] 52HB0H Y A=A 313) A =Hut
Btk x5& AP, y5& Aol 2 W3k grolth Hill 'R A 271224 A ()T
= AR A2, 1A ATl ARt AlTte] 84S AAA g oA e W 2712 4



DETERMINATION OF IC FOR SFF

z (km}

z (km)

0.6

z (km)

z (km)

0.6

06

3 3. (a) Hill A 49 27127, (b) IAYA BA, (c) o|UE BH, (d) BT o]4E BA.

(8)& AHgetel 1245 E wAY

d= LY

a3 269} 3% 2 2000 W8 FA1H e AFHA 1A 74
Sm g€ %A T 4+ Udrk

3. IRzl HEHRXIE RITt Z71=H

Hill #3342 2949 A=t dA=ete 713 do AHEE = Aotk #9449 A= g4l
=Y At A48T AUAEA 5 71ede thE PR A S Ag s okt gttt Vaddi, Vadali,
& Alfriend(2003)2 253 FH74E5 o] vAdAAH oA ES Tty HEAZE IR F
AT B4 ALeSS 7l<stgth Vaddi, Vadali, & Alfriend(2003)2] A9} 4 2%



28 LEE et al.

z (km)
o

z (km)
=]

2% 4. (a)HIll WA 27127, (b) AP BA.

9 J2 A5E TBse F52 S AL gEAzoAAM J2 AEE LT} Vaddi, Vadali, &
Alfriend(2003)¢] 27122 Hill $H A 2] & HAst= FH = vebdrh 4 (9)= o4 ES 7HX
A8 AN o2 A Bl AY v R A o2 YebdtH(Vaddi, Vadali, & Alfriend 2003).
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Sk
pu

o] e = 3p/asolth A(9)E T3 YLoAE ol4dEL 1 7127 & Inalhan, Tillerson, &

How(2002)] A& AH&3hel 4 (12)8 2o] Qolnk.
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(2+e)
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