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propulsion in deep-space primary propulsion
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Abstract: With the continuing increment of solar array power, high specific impulse electric
propulsion for deep-space primary propulsion was realized, and the application has been increased ev-
idently. After two lunar explorations, the deep-space exploration will be an important part of Chinese
space activities. Since the late 1990s, USA, Japan and Europe have launched four deep-space probes
propelled by electric propulsion: Deep-space 1 Probe, HAYABUSA Asteroid Probe, SMART-1 Lunar
Probe and DAWN Asteroid Probe. These activities significantly improved deep-space access capabili-
ties, and a lot of scientific data were acquired. The requirements, application status, key technologies
and development trends of the electric propulsion for deep-space exploration are analyzed for provid-
ing a reference for the development of Chinese deep-space propulsion technology.
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Fig. 1 Composition comparison of probes using chemical

propulsion and electric propulsion
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Tab. 1 Comparison of bipropellant propulsion, Hall electric propulsion and ion electric propulsion
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Tab. 2 Specifications of Deep—space 1 Probe
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Tab. 3 Specifications of HAYABUSA Asteroid Probe
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Fig. 6 DAWN Asteroid Probe
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Tab. 6 Specifications of DAWN Asteroid Probe

o H Z %

hin= EEIFER 1218 kg, T/RE 747 kg

KFABEREFIThR  10.3kW@IAU

BTHRHEERS, THE 129 kg, Xe #E
EHEHERS M 425 kg, KA 3 & NSTAR & T
bk

BEMGAERYG  PETFEE, BHEDER] 46 kg

RIS 08 F i R AR 28 M bR 2]
Kb EPIE, HRAMEENI AN, BT
WERZEELIFE2EDCU, 3EETFHAE, 2 &
PPU, 1 & Xe #t) R4 (Xenon Feed System,
XFS) DA 3 §J7mMZeM, DICU A il DICU B 43
Fl#=# PPU A Al PPU B, {BFI DICU X w] i

BB T 38 F0 XFS MR, PPU A e &4 J1 88
1 #13, PPUBAI#ERIME 4R 2 M1 3. BIRILL &
188 THE,

RS K55 80 K PN HIW] 4R 56 11F 32 BH H #fE
PERGBITIER, 2007 4 12 A 17 HRH ST
WHREKRE, #2008 4 10 H 31 HIFMHKES]
SEREIINER, RS F SRS RERE T
fE41 6 500 h, ILIHFE 71.7 kg HEHER, HEHE
294 1.8 km/s, BETRM 3.5 AR, M
s FERL TR ITIRE, HAaHE 2009 4 2
A&t K BEFMAS, KRS MRS T
SN, H#INT 1 ko/s BIBEEHE, R HE
BT R U T PUE S IEALSh LR TR
W, BT 20002 A 17 HEF AE KR
Mo TR 4MHRBEXRE AT, HHEE 7
RGAUHAT HH sh 71544 5500 R TR . 2009
£6 A8 H, B8 kHE T/ 2 £t
H], 2S5 T 201147 A 16 HHE A E
T, F Tk EsEs 201248 A 26 H, K5
WFEm AR, Wit 2015 42 AFLEA,

RS 5 01 R R A 235 B s R AR IR
ZHRMBE BRI E LR, WO KRB R
25 BRI 55 B 15 A ) 54

3 XEEARMEREESH

IF R R R0 S A B PR AR BOR R R UR
LR AR T A, RS RN X i A B R R
IS mErh, BT, WM
P HIE SR TEN.

D) KAl OB EOR . W R
A 3 B X HE F SR A i il T RO 2K,
TRBE/RENEGERE TR, SRR
YT B DAR, =SO0RREHEHNITE
YMAFMRRENRZ—, TEEAHRHES
LB R SRS .

2) RESTHRZELSOHBEAR. BEHE
Mg as R R THE, FPHR, XHME
REARLIRA KSRGS, 02~
5 kW TAFIY 2 K IR 4 ) 88 250 B AR e 370



8 KT OHE it

20124E 8 H

TEAFER 1.9, FEXMNZOLARESE. #
BEFIACIE . S5MBTTRIRTTE TR

3) HMHEEKEBRFEEA, BEHHLH
SRR ESHERIRBENCE, &
THE T B MAR FE R 3K 1 100 V,  IEFEBF I BB
£l 2 800 s L EE /R HE 12 e e tlik 800 V, IEFE
HEM NEXT BFHE8I0%IX 6.9 kW, FHE
KINFE M T R BIEH NG BT . SRR .
R . BRI RS RS THF R,

4) ZEAMMBEREAR. IR
HEEREAFREREREEANENL, B —
5. BEE5 | FE SRR R
G, "R —EEEM R R, HEh
HERNS, S REE R EATYHERAL
B B R SR R R AT B

5) HEHRFEKN A ET/EHER, BEH
MR TFHIRTE, ERNEREK, HefEdl
REBNESR, BOHESKE, AREZELK
U AR FATH N RERAE, RAEMRE
A, B o M BRI I 2 Bk, AR FTABAE T
B AL TR R, BTSSR, Hitk, RERR
SRERA KK B E TS, PITEERSF
BIFNSEATE A . AbHRAE,

6) I NBUERITH AR, S5EEMMFEH
T 4 R R o B B ) R HE Ol AR,
P T R R NE RS TAE, Bl
FREHM 5K HEBERKERANZKL, B
W ThRBEZ AL, HER e R A, B
— BN T A R AR, BN, BT
HEHEN, BESINSHABRMERD, FE
SIARMEKS I HFEE,

EEHE R TE R S R0 S ) R R s i o 218K
TAERE S, RIEHFILHEE, SREARIERMA
YL BRAKEE R R, FERAE MR
1k BEAA, ATHLYE B HEE A A R G R T,
AR Thrdefb MELE L, BB SR RAR
TR SR ST R, R EEERS
K.

4 it

EE., REH. B, 0 AR ST K
FIR BB AT MRR AN, Be
FREFMM AT REME R I R G RS
I, SR A R s RS ik B A
YRR TR - A TA FRI 38 . A208 — BRI SR A 4
LEDHBIER , F 7 V25 TR0 ST AR F. D0 B
TEB T HARM S, TATHAK H ot Kokl
BTHSHARLS, WARBMHTER, Fik.
FA R HNR A . RE ST B
B4, W2 BRI By B K SR B0 BB I
B, IR IR, ERE, i
M — R RN ST K
K, WA s AR 2 B R E B S

SE Lk

[1] NASA Science. The Incredible Tons of Space Propulsion
[EB/OL). [2000-06~16]. http://science.nasa.gov.

[2]RAYMAN M.The successful conclusion of the Deep Space
1 mission: important results without a flashy title[J]. Space
Technology, 2003 (23): 185-190.

[3] NASA. Deep Space 1 Asteroid Flyby [EB/OL]. [1999-07-
29]. http://www.jpl.nasa.gov/news/press_kits.

[4] Jet Propulsion Laboratory. Deep Space 1 Technology Vali-
dation Reports[R]. [2011-07-17]. http://trs—new. jpl.nasa.
gov/dspace/bitstream. .

[5] KUNINAKA H, NISHIYAMA K, SHIMIZU Y, et al. Reig -
nition of microwave discharge ion engines on hayabusa for
homeward journey[C] // 30th International Electric Propul-
sion Conference. Florence, Italy: IEPC, 2007: 9-16.

[6] Breaking News. Aerojet and NEC collaborate to explore
low power ion propulsion systems for satellites [EB/OL]].
[2010-06~14]. http:// newsblaze.com/story.

[7] KUNINAKA H, SHIMIZU Y, YAMADA T, et al. Flight
report during two years on HAYABUSA explorer pro-
pelled by microwave discharge ion engines, ATAA-2005-
3673[R]. Tucson, USA: AIAA, 2005.

(T#&% 48 T1)



48 kOB OWE OB

201248 A

B 5 ST RAEWIE R

2) HExdREBAtE, HREREZHMSA,
AR IE R XSS ER R, sk, 4
LRBE LA F)

3) JREAEIM 109%6 XN AR E B R E IR
RIEER R, XHWEET & RERE S HEN
¥5;

4) B R X AL 4> A He 20%-60%—-20% 4
EAN, HA TR A RWIRE S 54 EY
SR AR A ZE AR K, ¥ n] X S K 43 A fRT
AL AL

S0k :

(1] &30, A, KIETUE SRR KHHEE, 2006, 32(1):
30-34.

[2] SHIGEO H, IKEDA Y, TSUYOSHI N. Effect of flame
holder shape on vortex shedding, AIAA96-3130[R]. USA:
AIAA, 1996.

[3] WILSON K J, GUTMARK E, YU K H, et al. Active
control of bluff-body flame—holder combustor, ATAA 94—
0215[R]. USA: ATAA, 1994,

[4] EBF, 0. FHEEMS RIS ARM] b
2 E B Lk H4 iRt 2002.

[5] FRBLIE, SkaiR, MOCHE, . BERRNBESRE EAEE
IRBEE BB IR 3T [T]. MAJRIE Tl K 2248, 2004, 36
(12): 1724-1728.

(6] FREEIE, K408, PROCH, FRERBERIDBEBE
R R B R E BB BRI SHEER, 2004, 10
(1):28-31.

(7] XU, FRYE F580 v R RN AERERNEER %
RIGHFEE). TLTR A ik T 3B 2R, 2002, 14(3): 40—
42,

(8] XU, ERYE Ffh v AR R KGR IR R
RIGTHF]. 1135 Tolk =B, 2004, 16(1): 12-14.

(9] £, WHEE, TR REHs MELTREAEX
RAERITEIE ). ATZs sl J12:4R, 2006, 21(3): 502-506.

[10] BXRAT. BRBEAIBEREIM]. L5 Bl i, 2002.

(LG B SPLETFAD BHRZE SR, IUPREZM). 4L
T ES Tk R4, 2001.

[12] ERYE. AR MJGRES NI EIBIIRI]. Rt

Ze2f iR, 1980 (1): 69-84.
[13] E/A %, PGB EMHIPBORZES R MR 7 i R R
AR EE T, 1999, 9(6): 18-24.

(%4E: § &)

R N e N e e e e e A A e A A ) S A N L LS

(E#E 8 m)

[8] ESTUBLIER D, SACCOCCIA G, AMO J G d. Electric
propulsion on SMART-1[J]. ESA Bulletin, 2007 (129): 41-46.

[9] DI CARA Davina M, ESTUBLIER Denis.SMART-1: an
analysis of flight data [J]. Acta Astronautica, 2004, 57(2):
250-256.

[10] KOPPEL C R, ESTUBLIER U D. The SMART-1 electric
propulsion subsystem, ATAA-2003—-4545 [R]. Hunts ville,
USA: ATAA 2003.

[11] DUCHEMIN O, LEROI V, VIAL V, et al. Electric
propulsion thruster assembly for small GEO, AIAA-2010-
6696[R]. Nashville, USA: ATAA, 2010.

[12] ESTUBLIER D L. The SMART -1 spacecraft potential
investigations[J]. IEEE Transactions on Plasma Science,

2008, 36(6): 2262-2270.

[13] GANAPATHI G B, RAYMAN M D, GREEN §, et al. Ef-
fects of xenon propellant on the spin up/down of the
Dawn Spacecraft, ATAA-2007-5202[R]. Cincinnati, USA:
ATAA, 2007.

[14] BROPHY J R, GANAPATHI Gani B. Status of the Dawn
ion propulsion system, ATAA-2004-3433[R]. Fort Lauder-
dale, USA: ATAA, 2004.

[15] BROPHY J R, ETTERS M A, GATES J, et al. The Dawn
ion propulsion system: getting to launch [C}/ 30th Intern-
ational Electric Propulsion Conference. Florence, Italy:
IEPC, 2007: 83-89.

[16] BROPHY J,GARNER C. Dawn ion propulsion system:
initial checkout after launch, AIAA -2008 4917 [R].
Hartford, USA: AIAA, 2008.

(R4E: TRE)



