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Abstract: Changing chemical thruster platform to full-electric thruster platform can save satellite fuel,
increase bearing ratio of satellite and prolong service life of satellite, and “one rocket with two satel-
lites” launch can be adopted. Firstly, orbit transfer scheme at the time of using electric thruster was
designed, with satellite launch weight of 2 700 kg, and parallel operation for two 300 mN thrusters
was used. Transfer time from GTO to GEO was about 6 months, and consumption fuel of 650 kg was
just needed. Aimed at current existing three kinds of launch modes for one rocket with two satellites,
support, self-series and parallel inside rocket tank were provided with modal analysis by designing sat-
ellite configuration respectively to compare with previous chemical thruster scheme. It can be obtained
that three kinds of configurations for one rocket with two satellites all meet requirements for rocket
launch, of which support configuration inside rocket tank is the best with horizontal frequency of
20. 781 Hz and structural weight ratio of 9. 8% per satellite, and this configuration shall be used to
conduct launch of one rocket with two satellites. Comprehensive analysis shows that adopting launch

mode for one rocket with two satellites for support inside rocket tank of full-electric thruster is rela-
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tively good, which can save more than one hundred million of lunch cost, and its has excellent ad-

vancement and economy.

Key words: full-electric thruster; one rocket with two satellites; modal analysis; structural weight ra-

tio; economy
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Tab. 1 Initial and target orbit elements

B AR IR i kg B/ km ROZFE MARAN/C) EHEER/C) RS A/O)
IR B 2 700 24 371. 14 0.730 1 20. 8 180 2
Htr5 i 42 164. 14 <1X10° <<1X10°
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Tab. 2 Time and propellant budget for transfer

et widRTRE/ BIAATRE/  MEUER HRntE/

J7 = kg kg H#E/ kg d
SHHEYE 2 700 2172 528 188.7
A2 4 gk 5 300 2 892 2 408 5.63

i AL HE R R R T FE B2 3 100 kg, A1 &
PLARIT TR KL . 25 % 18+ 1A F iy, 50 2
J0 AT R IR Ak I o, U] 4 e 4 0F 0 SR HEAHF 650
kg WAHARE M LI A>T 2 450 kg,
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PR 2 ] Do A 1T A R oeE AL it
fheEdfEt DR B E R R 5 300 ke, AR E &R
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AR 650 kg, KA =5 24 (CZ-3B) i 3 k
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CZ-2E JCHi i 5L ah b ) 7 = GO PR 98 45 2k
i s LA CZ-3A NS G AiR 95 4 K 4 Bl 4 5 44 .
B 2 o AL 4% D4 200 mm, A BE i BE 4 500
mm . £ [7] ZE 40 KT 10 Hz,

2.2.2 I EMHHMK
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x1 HRsH1
Tab.1 Materials parameter 1
R E./Gpa E,/Gpa G../Gpa G,./Gpa G.,/Gpa = o/kg s m’
JEEARZ AR 13.461 4 13.461 4 1.908 8 1.963 2 5.048 0 0.330 0 228. 386 9
iR 10. 269 1 10. 269 1 1.460 7 1.516 1 3.850 9 0.330 0 176.734 8
I Al A A 15.934 5 15.934 5 2.267 2 2.320 9 5.975 4 0.330 0 271.056 0
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Tab.4 Materials parameter 2

1K E/Gpap/(kg*m™*) fry G/Gpa
e 150 1680 0.3  57.692 307 69

WL AR 10 400 0.3  3.846 153 846

B4R 70 2 690 0.33  26.315 789 47
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(a)Rocket cabin support
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(b)Self series
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Fig. 1 Three different configurations of one rocket with two satellites
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ARSCN A Bl TR RLIEAT 20 BT L 43 I ok k2
ek TR AR K HT A N SCIE R, B BRI DR
RUFN T2 A Y, I L AN [R] i A2 A0 %

3.1 HEHRHIETS

E 2 BAE Patran FEL B9 TR R oA,
PEFRHNBIEA I E 4, NI R 1680
mm, TR T HAE A 1 000 mm, IS HRJE
30 mm, 9 [A] A JE BE R 30 mm, TR JE B 30
mm, FEAE BE S 20 mm, oG R ) R Y 25
mm , 35T e J2 M R B 2T 4k 45 A, 3k S X A
A3 BT R w5 /0N 1 o e A b s B AR L BB 98 T
BT EMTL, R S5, JFeT A &4
ERMDELSER, LES,

Kl 2 Ap i TR A KR TR I K R ) 4 5]
Fig. 2 FEM of chemical thrust satellite

FEAYRAL, WL 7,

x5 UEHHADERO(RRPOARR)

Tab.5 Barycenter of chemical propulsion satellite (mm)

Jr 1) R
X —1.33
Y —1.08
z 1168

®6 UEHHADEZHRE

Tab. 6 Mechanical structure weight of chemical propul-

sion satellite
g E R/ kg DEBEHE/ke GHHWERL/ %

450 5 318 8.5

RT AEEHADEERRE

Tab. 7 Base modal of vibration of chemical propulsion
satellite
PR R/ Hz  BSHERBRS L/ %
X ) —Bir 25 ith 24. 559 30. 58
Y B 24. 559 33.48
Zh 1) 33. 866 30. 47
% 26. 318 31.56

B3 feseifeit TR IRTYA

Fig. 3 Vibration charts of chemical propulsion satellite
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3.2 AEMAZE-—SFNEHE

A4 SR KA P S TL R LR I TR
RS AE TR, LA 1), TERHANBIEK
FIARGER, NHIEBK A 1 120 mm, KT H H
%R 960 mm, JEAEEE R 30 mm ., T[] M S B Oy
30 mm, FF MRS BE K 30 mm, H0 R ) R EE N
20 mm, AR JEJE N 20 mm, FM,7E%ETERK
AW AT L E TR AT . RN
MBI A 1 120 mm, & E R 1 500 mm, REW
WEHZ DREMEG, R 8, IFnl LI 4
MEEMIERSER, LR 9, #H Nastran i
350 il AAS 51% TR M3 AR IR, W2 10,

B4 KRN S TR A PRI B SR I 454 14

Fig.4 FEM of satellite supported by rocket cabin

x8 AFMRAZTEIERC(RRPLOARS)

Tab. 8 Barycenter of satellite supported by rocket cabin

(mm)
75 1) JB O BB AT
X —13.1
Y 11.6
VA 813.4

R9 AFRAXEIEENES

Mechanical structure weight of satellite suppor-

Tab. 9
ted by rocket cabin

Gt/ ke TREER kg SWERIL/ X

257 2613 9. 835

F10 KRERAZEDIEERRR
Tab. 10 Base modal of vibration of satellite supported by

rocket cabin

PR WA/ He  BESERUR RS /%
X 1 — B & il 20. 781 69. 48
Y ) — B i 20. 264 68. 83

I 1] 43,333 95.91

% 20. 781 60. 15

Al

5 KCH A A S TR R Y

Fig. 5 Vibration charts of satellite supported by rocket cabin
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WK 6 firzn, B e IR TR B e —
T MRS K AHERE, WLE 1 b,
AT R A P i R B AT SR R P S A TR A,
BRERNIIL R I G0 K T 854 WA 4,
AN HK R 1120 mm, 7K J) E EHAE R 960 mm,
JEAEEE N 30 mm, A A J8E EE O 30 mm, [ AR
JEEER 30 mm, HUL AR N 20 mm, il Ak

6 H I T EA R ITHE KK ) 454 5]
Fig. 6 FEM of satellites in series

JEBE K 20 mm, HE] DL IE B I L K
J9 1500 mm, B4 K 1040 mm, H B TER
DUWEFR 1L,

i/l Nastran #E47 43 #r . 0] L4551 3% T A (1)
FEARYRAL, [ R PR AR A LK 12,

11 BHERIERO(REHOLHES)

Tab. 11  Barycenter of satellites in series (mm)
J5 1] JBT L A B
X -5. 04
Y 5. 237
Z 2494

*12 BEEIEERIRE

Tab. 12 Base modal of vibrations of satellites in series

e iR /Hz  BESHETE S/ %
X 1] — B il 15. 698 55.93
Y [ — B A 16. 901 35.91

g m 40. 198 30. 28

% 15. 698 68. 00

7 AR TR R A

Fig. 7 Vibration charts of satellites in series

3.4 DEHBK—FHNEME

P T2 I HERCE L 970 501 55 RS AR I L DL T
(o), B 8 N TRIFERABRICHRREL, X TR
PLIE Rt L . By 1 800 mm, K
PE B AR 0 = 55 o3, B LB A o i = S . TR AR

JERE A 30 mm, H A AR B A 30 mm, T9 AR JEE JE
30 mm, M AR R A 25 mm, B AR R BN
25 mm;, AJ DL i — TR R AT 8l ) 25 4 i
REMEIT A X DR ML, LR 13, JFnf LUTHA
MM E A DA S, LR 14,
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R4 DEFK(RM)EGHEE

Tab. 14 Mechanical structure weight of single satellite
i E R/ ke TESEG kg HWEEE/ %

359. 87 2703 13.3

ff [l Nastran ¥E47 43087, 7] LL A5 3% T (1) A
B8 A IFWA KR o Y K K 454 K] PRAY, WL 15,

Fig. 8 FEM of satellites in parallel launch

15 DEHBEAIKRE

Tab. 15 Base modal of vibrations of single satellite

K13 DEHBK(BEM) RO (REROHERERS)

Tab. 13 Barycenter of single satellite ~ (mm)

— PR A iR/ He HESAREESL/ %
75 1 A B
X 18— B i 13.325 87. 24
0. 004 Y i B 25 il 11.807 72.14
—15.3 Zhr] 50. 186 85. 39
Vi 1011 4% 29. 846 68. 92

et

%,

_ = Ty
I
i

=mm i

K9 TRIFBIRA A

Fig. 9 Vibration charts of single satellite

3.5 BRI A LUE W e TR G — SR AT L
XA b 4 FOR R e A B AT 20 A T L R KT D BEOR . T 3 R — i UR R A
FREIZR 16, — 8 SUR & P B R IT A H A, B, Al KA P SEE S A R N, — B 2R

F16 4T AEMETEX L

Tab. 16 Comparison of four different satellites

R 7Y PEER/kg ZWER/ke ZWEBL/ Y X —0RH/ He Y — B350/ He Z — B 545/ Hz
b5 (R AD 5318 450 8.5 24. 559 24. 559 33. 866
KETHE P SR 5 226 514 9.8 20. 781 20. 264 43,333

H R B T (U 5 306 594 11.2 15. 698 16. 901 40.198

BIR=F:0: S EIG =) 5 406 719 13.3 13. 325 11. 807 50. 186
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