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RIYFEHHES %% T hEAW HE71/mN AU %
BT ik 6.9~33.6 237~1757 4110~10 000 69~84
EIRHES 8 ik 23.5~36 527~1550 2500~7 667 40~70

MPDT o 200~245 36 000~48 000 5610~6 200 50~60
VASMIR A 200 57 000 5000 70

i bRk, FEDIRTN, SRR
&, SRS, T RHE I FR A TR, (B LA
XK. B TR D)3 BRI EE IR HEE ) R K S D 24
30 kWZA AT, 01100 kWERZ UL ERIE. X &l T
BRI R AR SR B g F R U e, 2 iE
RIS R, HD) Ry R AR (A2 ST
et 5 8 IR HERE R H AT OCH P R 2 3 B A I 1 K
DNET7 1) FE R FEAEREFIAR ,  HR s B A 51

HATEKkWREHMPDIIE R Z, HAERR K24
JIJIN, W3 000~5 000 s. # it EVASIMRFEE A
TAREIR B, HETHEMILRER, RGEEE
K, Bt AEEEEMNFEETRWHRIIA LT HxFT
BT e S B R HERE, MPD5VASIMR TAERFE N
HRG SRR, AN s (AT s g PR, 4 S
K, HIEH R TAE, BT SeThZ14 $1200 kW
B, HZEMPDEVASIMR I E A B A



F4M

DR AE: KINFPUIEFE RS 2 R HEE RGO TT 369

iy Ak T JE FEREATL RN M T S G A S B, T VASIMRTE
IFa) 2% [ 7 FH 3 36 3t % 0 20 S e e JFG o i 5K ) A
2 EFFKRGH

AR SO F T 1 7 ] PR K T 26 0 T8 e A TR 3R AT 55
R, PR RS B
2.1 FELREH

LEO-GEO-LEOX [a] LB 5 F AT 55 32 L A Ak A
LI

D fiR#EE S EES 500 kg, iR THE1500 kg,
HEE RS0 HANE IS 2 000 kg:

2) AT IIZE30~50 kW;

3) LEO-GEO-LEO#UE %#%, & (al Ak 124H

4) AR EEA /N T2 000 kgo
22 EKRph

MR E A A TR, SRS 124 H
1) & #A P4 58 I LEO-GEO-LEO{ Huitg [a) A0k,  H AT 20k
iR SR K . AR ERFAPUE R R KT EE AR
BN R AR S, WAUR R Ih R E b 4

DRl R AU 1) 3R 5KV BB A R AR A HL A E 2 2R 4t
HA LU

1) B[R] 3 5KV e R R 2 B kL D 0
30~50 kW, Sy KIThH A HERt i TAR SR AL 7 R frl .

2) BB R GE— K B R TR A AT RO AT e
FOR, HEREY RGH S REE RN, X R G
Ji Hephs HEREFHE TR AR T R

3 EEHRRGG R

2% Bl E PR b3 2R Th R s R R R
M, AEIRE OA BRI R EKT, EEEE
PLUR SRR ELHERE R G 0 %

FEL: MEEI25kWE FHIHEIRRSE Q64
B, 4 300s, HREHET0.42 N, SR E
2.4 kg/kW',

HE2: ME6E12.5 kWE/RHEHIFRSG Q64
B, 3 800s, HEHESI0.44 N, AR
2.2 kg/kW,

TE3: MEAG2S kWETHERRSE Q6%
), 4 500 s, HEHESI0.85 N, HEJ AR LR E
2.3 kg/kW',

TR MLEAG2S KWE/RHBHEHR RS Q6%
B, 3 800s, HEEHES0.88 N, AT E
2.0 kg/kW",

&5 ME2650 kW MPDHIEHE RS (164%
), k4 000s, HREHEII.64 N, HHESERLTE
1.0 kg/kW',

TG EIFE6E12.5 kWS T 38 i, %
HHHERERG A TEFR. EEMAR. KA
HAhaFh 7 ZoF, BEERAM N ESZ A, @
AR ——FE, Heh s
3.1 REGHERK

RAMBGH FHE 128 CRI6H4 TAEBAD
66 HUFAF T (PPU) o 3BT (TSU)
6B REIHTTHLA (TPAM) F1ERfHEeas, Hrp
P TT B IAMEE R AR (PSMD TN R 3T
FiE (PRM) Fl6AN R HIBIEE (FCM) 4%, IE
W LAER SR 46 KRIIZ12.5 kW E 74 1 28 Se I 1y
. RGHREWE 1R,

BT AR R A R AR D R, R
AL T AT HE AL TR EEREA T, ¥
HENHE AR A T (RS W, JERIA g
WP

FE Y50 Ah P e o 28 2 11 e A e b 4 1) BT
IEHFE 2 TAESH, NETHE I8 LIRS M
Tha HL il

88 V)4 B 0K s R AL E BT R R R AN
[F] 4 S48, FH T SE AN [RIHE ) 48 s iz 1l () D) 4k

ARG T RGN E T HE )8 AR ALE0E i &
AR, AR R IR (PRMD AR
EEHIEY (FCM) o A TE A IR RS
M PRMORE B i RS, o8 FIFFCMAE
PR XS A€ I R J1 5 N s B i B AR HE 4HE )
AR, NHE BRI E R .

P AP 3 s 1) B G S I R A BE R e ) I AR R it
ML R SR, WABEA RIS, LI
TP ICHLAE R, BT RS422 5 H Y5 Ab B AR T IEAE .
32 BIEHARZFITIEAN

6 5 HE 148 A AL KAT 48 K H360°4r R b, IE
Ky ERETTRSME—G, HA4E 5 R H R IR 5
Fikrid ANE, NW, SW, SE. fi-kif, HHt4as
TAE, ik 20w

BIBFERE AL mi KA 128 0T DL DR 7R 2 5

1) E+W+NE +SW

2) E+ W+ SE+NW

3) NE + SW + SE +NW

4) NW + W +NE + SW

5) SE+E+NE+ SW

6) NE+E+NW + SE



370 VR 2SR 2 R 20184F
100V—
HERL HLor R Gt 100V
””””””””” 100 V
100 V X | 100V
100 vV 553BE’~§3§‘.—100V— 3 AOCC 00y
yy 1553B R 2%
s 1553B 4445
27
B (@)@
VPP[}; PY)UV
-\, G _ /\J:
vyY 4 vy
PPU » TSU |4 PPU
S avn d S — S
e v v v 7 e
(e (=] (=] (=] f
TPAMI TPAM2 | TPAM3 TPAM4 EP EP
o ik et
. ) @ i .
11 FPPUT HIBALEE s JE S ]
S i
Bl 1 B RAA R R
Fig. 1 Scheme of electric propulsion system
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Table 2 The equipment sets and mass of the electric propul
sion system

Fr5 B HAffEREkg BEHR/E TH/kg
1 BT 30 6 180
2 EABEREEHM 20 6 120
3 iR 123 1 123
4 JE SR R 10 1 10
5 TR PR 4 6 24
6 FEL Y A B B T 25 6 150
7 kS ST 9 3 27
8 o R L 10 1 10
9 BRI 4 1 4

&t — 31 648

HEREFIHEAT BN 233 kg, REIEHE] 881 kg.
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Table 3 Propellantcost andorbit transfertime and propellant

consumption
o AR #E/kg RN K/d
UES - X
Tt Fi i< 7t B B

1 671.6  561.2 1232.8 1934 1615 3549
2 753.7 637.0 1390.7 181.8 153.6 335.4
3 6334 5363 1169.7 193.5 160.5  354.0
4 725.9 633.2 1359.1 184.2 155.0 339.2

5 709.4 595.0 1304.4 210.8 175.8 362.6
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Table 4 Comparations of the selectric propulsion schemes

. R w:ﬂ %%‘é ”s!;m ﬁ%@%
FH/kg MHEke B HEa Hf/m
1 648 1232.8 354.9 31 53
2 545 1390.7 335.4 31 2.8
3 637 1169.7 354.0 22 5.0
4 554 1359.1 339.2 22 2.7
5 476 1304.4 362.6 13 1.6
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Study on High Power All-Electric Propulsion System for Spacecraft Orbit Transfer

TANG Zhangyang"*, ZHOU Cheng"*, HAN Dong"*, MA Xue"“, CHEN Tao"*

(1. BeijingInstitute of Control Engineering, Beijing 100190, China;
2. Beijing Engineering Center of Green High-efficience Space Propulsion, Beijing 100190, China)

Abstract: Compared with chemical propulsion, the application electric propulsion system in spacecraft can save the amount
of propellant, which is able to significantly reduce the launch mass or allow more payloads to the target. In this paper, the research
on high power electric thrusters in the world is investigated. An electric propulsion systemis designed for the near-earth spacecraft
orbit transfer. Several schemes are compared with different thruster performances. At last, the suggestions are proposed for

developing high power electric thruster and propulsion system in China.

Key words: high power; electric propulsion; orbit transfer

High lights:

e The high power ion thrusters, hall thrusters, MPD thrusters and VASIMRS in USA, Russia and Europe countries are investigated.
The characteristic of these four types of thrusters are compared, and the key issuess and constraints of these technologies are analyzed.

e According to the development of high power electric thruster in China, five propulsion system schemes with different types of
thrusters for the near-Earth spacecraft orbit transfer are discussed, and the system dry mass, propellant cost, transfer time, parts
number, install envelope are compared,while the optimal concept is proposed.

e According to the development of high power electric thrusters in China, the key technologies and suggestions of the high power

electric thruster for spacecraft orbit transfer are presented.
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