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Abstract: To achieve accurate operating performance of electric propulsion system (EPS) and
demonstrate its operating stability in orbit, flight tests of Chinese first xenon ion EPS used in space
were carried out for the first time at the SJ-9A satellite from November 2012 to February 2014. The
design scheme and primary performance index of the 40 mN/3000 s xenon ion EPS are introduced
briefly in this paper. The in-orbit performance test contents, methods and results of the system are
described emphatically. The achieved test results are analyzed. The conclusions of in-orbit test are
brought out.

Keywords: satellite; xenon ion electric propulsion system; flight test; operating performance;

in-orbit test; stability demonstration

WREAM: 2014-10-29; {£EIHA: 2014-12-09
fEE®TT: Tk (1968—), B, BRLEM, WS, HRME IS EEHER SR






78 D i

# 201542 A

1.2 R EMHREIGIHER

40 mN/3 000 s R FHEH RE FEHGRIR
AR .

1) #51: (40:4) mN;

2) Herp: (3 000+300) s;

3) WIATIE (PPUBZRIIE): <1350W,

2 MiRRESHRSE

2.1 ARAE

REAN VTR EY, TETFREERR
BRAEN WUTIRRHE, HIFRMOREHRERR
5RIFNE FEAE 3N FE:

1) RETAEHERBERIR,

2) RGHENTENRE

3) RGtRERR e HERRIE,

2.2 MiRFA=E
2.2.1 ZoMAERMRK Y %

B FHE#RE FEERERIL 33, B
W, bR, FERUITIRAREAE, FHlE
BDRES T TER, %8 1 /ENEER
REAGAE SKRE, AATEBBENRET
ESECBMEE, EESHRE, YREEH LT
YESIRI A HE S . b AT RGBT, &
Tt G ELA S FE A BRI F

1) #H

FIRAWE FEESEREER TSR R
F R R M E TR S e E R B, R E T
HABHEAHESTELAR W, AKX (D) HE
REERHES

F=1.651x10 aBJ,\/V, (1)

X FAHESN, mN; o FRABIBIERE,
HE WK, AT R EIRE R o=
0.976; B HEHM B FBIERE, hHimmik
1, IR R R B=0.977; J, HF
MR, A, BENEWEERS; Vv, AFEMS
£, V, REPEMNBIERSE.

HE AR XA TR BB EOTE
®

2) b
FARGHENENMRER, URRKER
TAERAR AR AS SR, IR ESSRT
HEBHEAR @, BIAKX @ HERSEEH
Hop:
I=F/q,g 2

K. LA, s; FAMES, N, HESH
HEERMAEITTERE,; ¢ AHEHNERR
R, mys, AIAERREIREPREENZL
. XetE REERSS. @) FR. 1R
FEESHTRBE,; ¢ AEHMEEFR, K
9.8 m/s%

3) hE

FAER VTREL RS, REEHEHFER
TYERET, AIEEERESZREH AT PPURA
SRR R B B, KEARX (3)
R RGEIEHNE.

P=UI 3)
KX PHYE, W; UNPPURASGEBEREE
TS, V; I PPU %5 A S B4R B I B J 4K
. A,
222 ZHEAERTEF E

P ITIRIRAME, HEE YN TR ITH
W, HEE R EBRMAESREMTREX T2
EEE AR SRR S5RE, FREET
BEERE S A TR AASAKRREE,
PEHESENTA, HBRIEEGER, R
A TFHREHRREENRS, TR REHESM
FERFRRE
223 ZG MR EMAREIEN %

Rt SN E TR, MERET
RS RFHT BT BIRE (BREEERE K
REE A REIR S HE bR iR K ADF 200 K
Mok TAERINAS, SRR M RGHEdat
] —R K 10 min, REFEHEREP TR IR
RETESEENERE, ULFMNAESD. |k
WHIIREHRESBERIUTEER, ™HELET
YEREREREF . CHLIREA B EN, X RELEH
TAEVERERIRR E R P-4 .



FaEFE1HY

F/hK, : 40 mN/3 000 s B FHEHEM RS TAEHEEEAE LI 59007

79

3 WAGEREHH

3.1 HaEARERE SR

RS F L R 7E B AL B AN oA kR
B, T20124E11 H8H, B TEM4
MESE TR, %8 1 WEKMEE, SETFs
HHREFRT 4 KEPSATERE . KR

K RGEHEHRTEIY 10 mino 4 IRTZESURIHIFFI
T T 1FIH 4 KEDRRRPEEFRELR
G EETESHENSERRF AR FETER
BIMHEEA R R REIE, X2 RBRELE 1R
S TAESBERMBAE FIH, #HE 2.2.1 AR
FEITERBNARGHS . AT
SR, RPERSE T REHEBEIRE R,

F£1 GEFREFRFENIETESHENSRSERNRELE
Tab. 1 Telemetry data of primary operating parameters and propellant flow rate for xenon ion EPS in orbit

ey TR RTENR o evmy masma mEREY B oI

B L27¢ ¢ (mg*s™)
1 Q368 3 42.497 26.992 1022.61 0.776 1.351
2 Q369 4 42.577 26.896 1 023.04 0.780 1.380
3 Q370 5 42.432 26.775 1020.78 0.779 1.238
4 Q371 6 42.650 26.878 102291 0.778 1.243
5 FiE 42.539 26.885 1022.335 0.778 6 1.303
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Tab. 2 Performance test results in space and on ground for xenon ion EPS
FE  HARERER  ERER EHERSER SRl HEiKER

1 #73/mN 4014 39.19 e 39.90

2 He s 3 6001300 3 069 Wa 3136

3 E S <1350 1 144 WE 1209

WE2MFEE, WETRERERS. 1
wh IS =K A AR B R R T 2 )
HHRER, 5 AT R MR R, &
YA REAE LIRS R/, AU RIS R
BEEERR, MZMKREES, HEMRER
FRRASIITR B B — A 25 BEAIRRIE (107 Pa B
%) HREE, FRUARPEENAR. AS
MAT ESREHMTHEASRY) , @
TEHMENR—EEERE (100 P %) 0

Xz, B4R ERFRSE. mililth, &
PFR (AT PH—HoERBSELY
BHRAAENBREE, SHHEFHMRS
SlH, WNTEFREBE, MR R
ARG E SIS P RS b A Zh R
BERBAEDNEAS Rk s —2,
32 WARELERSSH

AR KRR 2012 4E 11 A 8 HMEH
#2014 £ 2 H 25~26 H, Se/a Bk A%






F4EF 1N

F/K, & : 40 mN/3 000 s E T RAEH R TR REAE BN S S04 81

THik:

D FAAFEARKKETE, BT 40 mN/
3 000 s WA FHEHRE TIEWAEERIRK, X
BT REEFRELRE TEMREES M HLH
B B KA

2) METREHRGEHES . LR E
TAEMEREAE SRS R B BB ER

3) B 226 RIEER WITIAREA R kK
REBUERE, RETFEEEREERRSER,
THEHRERE

4) EFERHENR, RBRE TR
ARGz R ShAARSEFFAERERER, &
PR GRR DT HENRAESR, BRRISR
BT REERESE MR T E R T
BRI

5 TEPUINE REE T RE FRELRL
BT RINIERYE, I8 THRELREEREM
REVS I B A ERE T TR,

BEUM:

[1] MYERS R M. Overview of major U.S. industrial electric
propulsion programs, AIAA 2004-3331 [R]. USA: AIAA,
2004.

[2] DUNNING J W, Jr, HAMLEY J A, JANKOVSKY R S,
et al. An overview of electric propulsion activities at
NASA, AIAA 2004-3328 [R]. USA: AIAA, 2004.

[3] LICHTIN D A. An Overview of Electric Propulsion
Activities in US Industry, AIAA2005-3532[R]. USA:
AJAA, 2005.

[4] TVERDOKHLEBOV S O. Overview of electric pro-
pulsion activities in Russia, AIAA 2004-3330 [R]. USA:
AIAA, 2004.

[S] GORSHKOV O A, KOROTEEV A S, ARKHIPOV B A,
et al. Overview of Russian activities in electric propulsion,
AIAA 2001-3229[R]. USA: AIAA, 2001.

[6] SACCOCCIA G, GONZALEZ J. Electric propulsion in
ESA, AIAA 2004-3329[R]. USA: AIAA, 2004.

[7] HIROKAZU Tahara, MICHIO Nishida. Overview of elec-
tric propulsion actmty in Japan AIAA99- 2159 [R]. USA:
AIAA, 1999.

[8] TOSHIYUKI Ozaki, YUKIKAZU Kasai. Electric pro pul-
sion development activity at MELCO, AIAA 2006-4321
[R]. USA: AIAA, 2006.

[9] GOEBEL D M, KATZ I. Fundamentals of electric propul-
sion:ion and hall thrusters{M]. California: Jet Propulsion
Laboratory, Califonia Institute of Tec- hnology, 2008:
24-25.

[10] BROPHY J R, GARNER C E, MIKES S C. Dawn Ion
Propulsion System: Initial Checkout after Launch,
AIAA-2008-4917[R]. USA: AIAA, 2008.

[11] KUNINAKA Hitoshi, NISHIYAMA Kazutaka. Flight
status of cathode-less microwave discharge ion engines
onboard HAYABUSA asteroid explorer, AIAA 2004-
3438 [R]. USA: AIAA, 2004.

[12] OZAKI T. In orbit operation of 20mN class xenon ion
engine for ETS-VIl, IEPC2007-84[R]. [S.1.]: IEPC, 2007.

[13] WALLACE Neil, JAMESON Peter, SAUNDERS
Christopher, et al. The GOCE ion propulsion assembly:
lessons leamnt from the first 22 months of flight
operations, [EPC-2011-327([R]. [S.1.]: IEPC, 2011.

(4. TRE)



