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Fig.1 Illustration of coordinate
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o, My Hl Mo 53 B ABHEALAR R T BIAMR R R FIAME R C ISR 4ERE, i} M (6)
FoRGEANRH 7 (7 = 1,3) ekt 0 FMIMSH BN, W4

Mo = Ms(ur) M1 (i) M3(2), Mo = Mj(ue) My (ic) Ms(2,). (2)
HSHETERPUEMA & = 0° B, HXEIHEA
z = a(l — ec cos E;)[cos(u; — Af2) cos uc + sin(u, — AR)sinu, cosic] — a,

Y = a(l — ec cos E;)[cos(u, — AR2) sinu, cos i — sin(u, — Af2) cos u,], (3)

2 =a(l —e.cos E_ )} sin i sin u..
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52 CMMA RS R B DERK M o 1 1%, R EXTR, e M1 A=
kgL Xy 5 ARRT S SRR T R, RE T &

y = asin(u, — u, + A2) = asin(Au + AR2). (4)

B EXTE, (AR + Au) A/NE, RLH AR AT 8 — B R
B ARG DR RLE ec AR, ¥ Ec Ml fo RTARR me BIF, RE KA

E. =m.+e.sinm,, (5)
fo = m¢ + 2e.sinme. (6)

W% PR HE SNSRI AN uo, WEH TES A ESCH
up(t) = nt + uro. (7)

B n ok TR A A
SR DERAETH 7 IR ZRENE % Aulr) FUEBMZINFIE AR me(0) 5 51%

Au(T) = uc(T) — nT — Ug = We — NT — U, (8)
me(t) = n(t — 7) = nt + uyo — we + Au(T). (9
LIk
Au(t) = uc(t) — ur(t) = [we — nT = o) + [fe(t) — n(t — 7))
= Au(T) + [fe(t) — mc(2)] = Au(T) + 2e sinme. (10)
¥ (5), & (8)—(10) RARK (3) #, RE—Kuifs
T = —ae. cos[nt + ugg + Au(r) — wl,
y = 2ae.sin[nt + uy + Au(r) — we] + alAu(r) + AL], (11)

z = asinicsin[nt + u + Au(7)].

AT BEAIXTHE N AR AR R R BOJRA, BOK

Au(r) + AR =0. (12)
¥l (12) AR (1) 15
r = —ae, cos(nt + uyp — we — Af2),
y = 2ae; sin[nt 4+ uyp — we — AL2), (13)

z = asini,sin(nt + u,o — AR).

LREH 4 = 0° FERLE DEMARXEEF AR, A ERMSHATH, RAYGNGHTA
o TR BUE KR, T 5 A FIRUE I M R S, A RRIETA IS LR % K
HEA.
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2.2 SHURMBLEEIHFIET
HT&% PREANRNE, RHBIE uo = & = 0°, WX Esh TR (13) 2204

T = —ae. cos(nt — we — §2),
y = 2ae.sin(nt — w, — §2.), : (14)
z = asini,sin(nt — 2.).
TEAEART %, SIAAERSE TR I, HAHE SR AW L 40 T & AF
55=0 H 23>0 (15)
= (14) Rk (15) TR EREAERRSE DR MF 38 AL 20 = 37/2.
B TEEEAN N, FFEDE k (k=1L N) SEEFRZTEMMLAZEA Abk.
H5E KaAE R AT AN, 58 DE MR EsIIRS S EEIRE LR KT Ab/n KRIKZZ)
WAEME, Fitrrdist (14) 8

2F = 05— A6 = gw — Ab;. (16)
B (9) FAZC (12) 7T LARH 2 3REE TR YA I 20 0 B 5 A 4
F¥ = Au(r) + 3ecsinm, — we = —(we + 25) — 2e.sin(w, + 2F). (17)

¥ TR\ RSe CPUESRFE, BIeT il (14)—(17) B P58 DE 1 &M PUER L
TEXSACE B HBABETT 4T AR r, 3K (14) AT BASE KBUBE yox

AT I A B TR A
( Y )2+( ° )2:1~cosw cos2(nt — 12.) — wc] (18)
2ae. asinic ¢ ¢ el
AT ESCYREE, TEWE

r = 2ae. = asin i, (19)
we=7/2 8 3w/2. {20)

B we = /2, MEREE TR k YRR 20 35508 A4
¥ = A8, + 2. sin Ay, (21)

YIRS RS CHUE EXSI 0N, SR k BT R AR A ELE S AT LY
3 2r(k—1)
{ Qk =7 —

2 N ’
m(k—1)

22
w? (22)

> + Zecsin [gw—(ljv—_l—)]

3 i # 0° B IR g AR PUE AR B i ot ik

ESHE TEPEWNETARR T, HESEL, ShrthmRS% TREASRE R
—H, WE 2 PR o’ A XEARER T hisFs DEMXMPUERY. HREYuEN
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BRI, AAXFPUBERE o, €, f, BTl m/ SEEAAR R T AN RS E. B A RH
SE e, 2o, ue BT E G TR BHEARER R P )2 PUER AL

B R T2 TR SR C BIEH ST AR R T BT R T fAR
A T BIMERER C KPR E AR Bk 2m, BD

M = MMy = [M(ug) M1 (3) M3($2.)][ M 3(ue) M 1 (i) M3 (52:)). (23)
Hr, o, 20, ul A XA R PR PGERE, o %, v ASEDEUIRRSP
LB AL

B2 ARXPUE R ECE LABR R

Fig.2 Coordinate of relative

orbit elements

HRAEG M. KOUE W B3RS LR MHUERE ic, O, ue BiE, B

1,1 . . . 13 _ . ..

M ;" = cos {2 cos u. — sin £2. sin w €OS i, M " = sinu, sinic,

MY = Q. si in {2, o, M2 = ini
27 = —cos () sinu, — sin {2 cos u¢ COS i, 27 = cosuc sin i, (24)
1.2 : . . 3,1 . s

M ;* = sin £ cos uc + cos {2 sin u. cos i, M3" = sin §2; sinc,

M?2* = cos 2 e — sin £2 si M*»? = Q. sinie, MY = cosi
5% = cos £ cos uc cos i — sin {2 sin U, 2" = —cos {2 sinic, o = cosic.

t b AT HEF

ic = arccos( M),
02, = arctan(—M>' | M3?), (25)
ue = arctan(MY® | M2?).

TEARRER T i, AT DEMINS% DRI PUEMA i = 0°, LI AT (16)—
(22) AL TR MATT PUEREL. BT E ST RERE ., 2, «. MBHTERN
BUEARSL i, 2, ur [RASR (23) RMEERBHERE Mo, MIFLE TR K PEREL i, 2, we AT
B (25) K. X AT LABE RIS TR RN R P i SR PUIEREL

T SUE BT R PUE RS i, 2, ue BASIAGLUEE, HEMHINEE T
EHUEM AR, hERREENIERITER.
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4 GRS EES o th

Z RN T HKF H EEMAOPGE R HATEHHE N =4, ¥R r = 10kn,
S% TEBITERYH o = 7400km WEAPUE L, FRAFE 2 = 100°, T E0EH

Wr = 6007 yligﬂijﬁ i =

0°, 0.1° Fl 89° HIXT M ¥y B A BABLE Bt 85 R AIANE 1, & 2

M 3 Frow.
&1 i =0° FEKFEES CURBABIE
Table 1 The projected circular flying formation orbits in the case of i, = 0°
PUHARE ac/km ec(x107%) ic/(°) 2:/(°) we/(%) fe/(°)
1 7400 6.756 76 0.07743 70 90 0
2 7400 6.756 76 0.07743 340 90 90.07743
3 7400 6.756 76 0.07743 250 90 180
4 7400 6.756 76 0.07743 160 90 269.92257
F2 i =0.1° RRKFEECRANE
Table 2 The projected circular flying formation orbits in the case of i, =0.1°
BB ac/km ec(x107%) ic/(°) 2:/(°) we/(°) fe/()
1 7400 6.756 76 0.17148 86.952 44 73.047 52 0
2 7400 6.756 76 0.090 84 52.427 14 17.57280 90.077 43
3 7400 6.756 76 0.050 84 149.601 04 190.399 00 180
4 7400 6.756 76 0.15407 125.798 98 124.201 08 269.922 57
&3 i =89° WK EELE WRAMIE
Table 3 The projected circular flying formation orbits in the case of i, = 89°
HUERY ac/km ec(x107%) ic/(°) 2:/(°) we /(%) fe/(°)
1 7400 6.756 76 89.067 05 99.961 28 60.00065 0
2 7400 6.756 76 88.96129 99.93294 330.00119 90.07743
3 7400 6.756 76 88.93295 100.03872 239.999 30 180
4 7400 6.756 76 89.03871 100.067 06 149.998 85 269.92257

AT UEBAA T L IERR T, AT B SR — fRaE g2 )7 s i TR g A B
BOT I RPEAT T B, PLEMAA 0.1° KK RIS KA 1 5 P EHUERE MR L
mEAPUR. BRATUEY, —ME %0 R/ MIAR 1 TRE R RS,
A SR B AN T AR &, WE RN N ERE AR B,

K4 XFEEMHEFEM—REHERHEN LR
Table 4 The comparison of orbit design results by three methods

ac/km  ec(x107%)  ic/(°)  R/(°)  we/(%) f/()
AT 740000  6.75676  0.17148 86.95244 73.04752 0
Bifr¥AE: 740001 6.76134  0.17153 86.94735  73.05262 0
—fgsh 1% 7% 740000 6.75676  0.16705 77.81886 60 22.18110
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SHETEVEMA i WL GDE b AL TENEEE L (L = 2 + u),
BUBMIA i, THRIRA w. MAZHAE 2 HEWHHINE 3(a)—(d) PRHEHR & 1
ML Fn. B 3(a) MLEH, FELEMN Lo = O + ue BAFIHERE, X5HHEES
Hi i = 0° ISR DR CHDLRELE, B (A2 + Av) A/ PRE—BK. HITBIMT
ghie, HASETEPEMMA i = 0° i, FraIR5E TR A S 8 £ RIPUE 9 M 2040 %,
W DRES CHUE LS O 008 UBETEYGEWA i > Aina(H%ALE
AR r = 10km ATBITHELM Adnax = 0.077°) B, 348 DRSS WHUE FI9A R B w.
g EHMRGT, FEDEER CAE LIS CRE 2, w, Al fl Af i3
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Fig.3 Effects of i, on the orbit elements of surround satellite
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A NEW KINEMATIC METHOD FOR FLYING-
AROUND SATELLITE FORMATION DESIGN

LU Hongwei XI Xiaoning YU Qifeng

(College of Aerospace and Material Engineering,
National University of Defense Technology, Changsha 410073)

Abstract

This paper presents a new kinematic design method for satellite formation.
First, the kinematic of the relative motion of zero inclination satellite formation
is analyzed and orbit design is investigated. And orbit transformation method
is proposed for arbitrary inclination satellite formation orbit design. Finally, the
simulation results show that the method is effective and feasible.

Key words Formation flying, Small inclination, Kinematics method, Orbit

elements
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