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Abstract: The current status of space applications of Hall electric propulsion is reviewed, and then its fu-
ture development trend is prospected. In view of the gap between China and foreign countries in terms of original
innovation, R&D efficiency, product maturity and on—orbit application, this paper puts forward some develop-
ment suggestions, such as strengthening demand analysis and task traction, strengthening work mechanism re-
search, accelerating product iteration, strengthening the study of differences between work in space and work on
the ground, and accelerating production line construction, so as to better promote development.
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Table 1 Main Hall thrusters for space applications and their performance

Total Impulse/

Country Organization Hall thruster Power/W Thrust/mN I /s Life/h (MN-s) Status
SPT-50M 225~300 14.8~18 930~1299 5000 0.324 FM*
SPT-70 670 39 1470 3100 0.435 FM
Russia EDB Fakel SPT-70M 600~1000 36~59 1430~1600 7000 1.49 EM**
SPT-100B 1350 83 1540 9000 2.69 FM
SPT-140D 4500 290 1750 15000 15.7 FM
Busek BHT-200 200 13 1390 3000 0.14 FM
USA Aerojet XR-5 (BPT-4000) 2000~4500 132~290 1676~2020 10400 8.7 FM
GRC,JPL HERMeS 6250~12500 310~680 1840~2950 50000 104 FM
PPS 1350-G 1500 89 1650 10500 2.23 FM
France Safran
PPS 5000 2500~5000 150~300 1730~2000 15000 15 FM
HET-20 350 20 1200 2500 0.18 FM
China Shanghai Institute of HET-40 660 40 1500 3000 0.5 FM
Space Propulsion HET-80 1350 80 1600 9240 2.6 FM
HET-300M 2300~5000 120~320 1850~2350 15000 16.2 FM

FM*: Flight model EM**: Engineering model
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(b) XR-5

(¢) PPS5000

(d) HET-300M
Fig.1 5SkW class Hall thrusters of Russia, USA, France and China

Table 2 Typical spacecraft employing Hall electric propulsion system

Application domain Build nation Platform/Spacecraft Thruster First launch year
KAUR-3 bus 4xSPT-70 1982
KAUR-4 bus 4xSPT-70 1985
USSR / Russia
USP bus 8XSPT-70 1999
MSS-2500-GSO bus 8XSPT-100 1994
GEO (Station keeping) USA SSL-1300 bus 4xSPT-100 2004
Spacebus 4000C3 bus 4xSPT-100 2005
France Eurostar 3000 bus 4xSPT-100 2004
@bus bus 4xPPS1350 2013
Germany SmallGEO bus 8XSPT-100 or HEMPT 2017
A2100M bus 4xXR-5 2010
GEO (Paru.al orbit l.ransfer and USA GEOStar—3 bus AXXR-5 2018
station keeping)
SSL~-1300 bus 4xSPT-140 —
Russia Express—2000 bus 8XSPT-100 2013
USA GEOStar=3 bus (All electric version) 4xXR-5 —
Eurostar 3000 EOR bus 4xSPT-140 2017
GEO (All electric propulsion)
France Eurostar NEO bus 4xPPS5000 2023 (Plan)
Spacebus NEO bus 4xPPS5000 2020
Germany Electra bus 4xPPS5000 2023 (Plan)
Meteor 18 SPT-50 1971
USSR
Cosmos—1818 6xSPT-70 1987
Kanopus=V 2xSPT-50 2012
Russia
EgyptSat 2 6XSPT-70 2014
STEX I1XD-55 1998
LEO TacSat-2 I1XBHT-200 2006
USA
Starlink IXKr Hall thruster 2019
OneWeb IXSPT-50M 2019
France/lsrael VENuS 2XIHET-300 2017
SJ-9A IXHET-40 2012
China
KL-Beta A, B IXHET-20 2021
X-37B OTV-4 XR-5A 2015
VLEO USA
Stingray HET-X 2023 (Plan)
MEO Europe Galileo—2 PPS5000 2024 (Plan)
Sweden SMART-1 1XPPS1350-G 2003
Deep space
USA Psyche 4xSPT-140D 2022 (Plan)
China Tianhe-1 4xHET-80 2021
Manned Spaceflight
USA PPE 2XAEPS,4xBHT-6000 2024 (Plan)
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Fig.2 SPT-140D thrusters on Eutelsat 172B

23 HEMTUR

B2 48 5 B AE 2000km LA R B BLE o (RBULIT R
i FEALFRACH AR BT TR P AT R
N RN A (] A L R K AR HE E A RN TR A )
il A5 AN R SR R A SR SR ik . TR LR 4
FEN T S Z R BGE SR L B
L R 2 EE B o AR — R 4R = B 300km LR
MR J d 3 K 1 I R I BT, A SO0 8 R Ha 4
HELE AR E 0 7 FH AR b 43 B, BRI iR
2.3.1  fR# 4R

X TR TL AL, 8 IR f e F 2 BT B $E
L7 RER NI o N = R B g

B IR HL A S SR ) 1 233 IR G IE R AR AR TR I
JFRM . 19714E 12 H 29 H , B EE /KB HEVE R S
EOL-1(I& 3) [ AT 75 5K Meteor 18 5.2 T2 & 5 23,
PEE o A A 1 SR N 3 B N i 1 ) et

BRI Y, 1% R G R 420~440W , THCHL HL TR 170~
188V, #fE J1 16~19mN, Lt ' 790~980s, £ 1974-1981
A AT 75 BE X 7E Meteor A1 Meteor—Priroda & %1 T &
EHRT SWEREHEHFLHN CITKE, RHAT
SPT-50 il SPT-60 #f J3 % '*/. 1974-1976 4 , i iz}
2 WA i U T B IR M ) 2 AE B TR A S e ) R
1977-1981 4, 32 B J& 7 /R i HfE F S04 T LB 5 RS 10
AR o o2 3 e 5, /i I3 K AR 0 v T 2B R
FE, B 23 [8) 1 FH B ME ST, 1987 4F (1988 4F, {ij 71 Ik &
SPT PR TOPAZ % S b HEBEHL (H 6 &5 SPT-70 2
IR 1 25 42 43k 3 7 (4 A% i #fE JE TR Cosmos—1818,
Cosmos—1867, B R K S5 HE R4 Bon B9
AL TR 4 sk B DR R HOR G B R L
ST

Fig.3 The first on-orbit demonstrated Hall electric
propulsion system EOL-1

(b) Hall electric propulsion system

Fig. 4 Hall electric propulsion system of Cosmos-1818 and

Cosmos-1867 nuclear satellites
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(a) Operating with synthesis gas

(b) Operating with Xe
Fig.5 HMT Micro Hall thruster of Taiji-1 satellite
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Fig. 6 Stingray VLEO satellite concept
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L E AR 5 TR EHEREF A5 R
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HE T 28A RIATT I, 78 2004 48 TF 4 AF i = L of
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h TREEEHLT . 2019 AL ST AR AN
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Fig. 7 HiVHAc-EM Hall thruster
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151kg, 2 B HEJ) & (LK R GRS H P m
) H) AN KT 2990W . 7E HLHE &R Ge 0 o o 7R
o, TERLRE TP AE B B4 T 1 1K 80mN 2B /R HE )
i 1: 1 7w B ik iR g, 23t A O[] 43 51 34 3] 9240h
F1 8240h, I AE 77 i 78 Bt A5 BT RS J5 , 4k 2k 58
BT 3020 WK i 2 OBGR 5 Bk X5 S W 6 AE ) A
F T RETERE S IEH . BEIRHE T SR ELE M 250 BIR
JFJE T 28000h 2 it & kBT RE] L 15000 ¥ TF 56 1 85 2k
JENL T

H A A IE B R BN KR RN T B R
W SEAT: 55, TF A% 2 J1 A K 2 1 ik iy S8 it , X R
IR HEHESR T ORI ORI S e R R . 36
M B2 IE AE BF il 10kW 2% HERMeS™ ™ KM-10"",
20kW 2% BHT-20k*', PPS 20k ML""' , HT-20k"™*, 7§ T

FL AR R IR 1 4 X314 R I S R HE 1 2% .

FKE R T HERHA KPR T 2024 F A S H W
Bl JR 2K 7R 8 31 R ( Artemis Program) , L E R H T H
K] P (Lunar Gateway) H BRZS [] i , 7F b & it H BR Al
iR [0 M Bk G e vl o ERTT M AY Bh 0 A E e 1
(Power and Propulsion Element, PPE) ] MAXAR /A )
WE, 1T F 2024 4 & 41, PPE %45 T 124 M 1k
TR I KA SOkW 2% f#fE HE R 55, LA SR 20 13 B4
T JEATE 3 2% 00 Ak 24 4 1 FR G, AT I A RS R g A
BB AT S o PRI FR G0 5 AT e 0 AN i
fiE J1 o HL I R G oK P 825 L AU, 41 1R IR A T
¢ 3 2500k g 1WA, 3 2ok KD B ZOKE T AR 4475k
M. BRSNS &, Hh 2 B2l Aerojet 24 H]
& F HERMeS 2 /K #fE J 4% 20 F 19 AEPS 2 /R #E )
78 4 F5E Busek 2 R Y 2858 7R KA B XA 2R
ALK L BHT-6000 2 /R J1 8% . & 8 e Ji #4845
Je R AR A L T ARR A

BHT-6000 thrusters %

AEPS thrusters b 5
mounted on GSM

Plasma
diagnostics probe

20N hydrazine
" monopropellant
chemical thrusters

(a) Thruster layout

(b) Electric propulsion on-orbit operation

Fig. 8 Thruster layout and electric propulsion on-orbit
working state of PPE

2.6 TEHARSTUE

Wit s A (L 2R A U TR B A, T B AR L
Kode AefE A I, BB A PEAE K H 450
DY, A2 U 55 Bl R Ul O R A JE e . R A L
55 A 55 B R 2 0 02 £ K8 BE B B AT O R
A TSR DRIk R R AR A A L S A T Y
T

B SE A A e R R A AR IR 55 K AR O
5, HURR AR e A B rh PR RE IO HEE R AL L AR S IR
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B R ARG RS A R R K TR TAER
i, A i A {8 2 ey A 2 R AR . S5 R R
B2\ AL GEO DR IEH WG 7L 59 B €iT
#% (Mission Extension Vehicle, MEV) . £ F GEOStar
TEN-EG B 8 MEV-1 fl MEV-2 % 4% " J& K47
R0 T 20194F 10 H 9 H A120204E 5 A 18 H & 4,
Jf 5 Intelsat 901 Fl Intelsat 10-02 T & ¥ 17 1 %f
FE10 R 2R R e R S AT LA R AT S, S
GEO IR EHIEHFE S IE., MEV R T 4/ 5kW
P XR-5 B IR ME S 2%, BT 3 4 E R LRAT: 55, ) B
K F T Ak Bl JT e A% AT 38 S A S5
MEV-1 1 MEV-2 % i it & 43 5l 24 2326kg, 2875kg.
&9 Sl & ST MEV K HAE B TAEAR S .

(b) Concept of MEV working status
Fig.9 Northrop Grumman MEYV spacecraft

o A% 2N R IE AR T DR — AR AR S5 AL
2% N K AT %% (Mission Robotic Vehicle, MRV) , it %
2024 4F Ko MRV B #4072 MME 5 97 E At (Mission
Extension Pod, MEP) , W4 # 342k ] B3 #fE 2 & 48 . MEP
k5 GEO T XS 42, Bl 3 AE HLAMUR b % vy 4k )
FPAT HESHAT 55, nDBF 20 i 1Y TR I 4 6 4ED7
2.7 ZERFEGUE

ERWENMEUEE FHRRE TEN, LEH
TP 4 5 25 I S5 A0 BVE R, DA & 25 0] 4
B B, BRI AR WA RS R IR LT
PR N TS ) G B AR R E TR AR R =
li] B 5%

IR B AL T8 Ry g b 1SR B AR . TR

20 42 70 4E AR, — B 25 200e V11 R B F 50 19 45
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pine” [E PR A /BT H ', 1991 4, W & 25 5 1 IR U5 B
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= AF 9% I (Institute of Earth Magnetism Measurement,
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S E 2010 4F & B 19 Faleon 5 TR -, 20%6 T 4
5 500W & R HE ) 4 R Ve U ) 2 1 A5 A A R T
& £ 1F JH (Space Plasma Characterization Source,
SPCS) , F T JF & 25 [ia] K AR /s AR 551, P AD
I 7 A% T I 3 TR) PR 5 45 S AR T i T T
EHLE .

3 ERBEARREZRES

R 7 IR R E B R KR I R R A3 I R 3R
LG5 E T ST 5 TR AR A B G B R FLHE BE
KKK AT 3BT

OOE- PNV I - PN Q=S 3 E 3 - PN g 3N
AR5 W32 i AN K BH R HR sk 5 R Y 28 [T 55, X R
U R e e SR IR T ok . L, 4~6 AT BN
OB BR DN O 6 A R 40 0 T R AR oK Gk B 7~
ISMW ' RIf SR FH 32 4 Ok 1k [ BR 1 F i 19 52 5 i
RT3 140k W ) 2 /R T3 281t 75 B2 44 50~108 &5
WS . L, A 22— R E R R )
o o ERW,RABERBETE AEMRGE
IRME T R e RIS R B JR B '™ X,
G AR R AT S B R LA TR RS
HH VL Y G B B AR S - R E R AR 1 TR R R X3 g o B
AR RIS A WO AR R H I R i
L5 N NN N T = D N T 7 RIS
R HEL I A O B AR A R 3 T TR B e 22 R Y o A
TR FEROR B T ) 4R AR 0 D R BOR il <
R R b T LS S AR AR . SR B AE )
TG 245 1) [ A A 2 R 2 AR AU X b T A S AR R Y
AR A RGE R . HEIAEE I E RN,
A S T F A T — AN B G A R

() TER L BB HLsh ©AT 4 B B IR s IR
T 45 K T 39 o AT 45 6 A v B b K A A B R H A
HEHR TR o K ST 55 1) G K A E A B D
BT KB 4R T & 10~100km/s, %F W 1Y e obeds A H
i 1Y 1000~4500s 42 Tt 2 5000~8000s £ 2 ¥ 5 . fi)
an, B A Ie A K R, I b BRI 2 kR B
W CATZY 8 AN, o B Y 4 29 3~Skm/s, T WIS RAT A
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