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European Space Agency(ESA)$} Japan Aerospace Exploration Agency(JAXA)IA 7} w3}
B4 gAMNo2, SMART-12 & 848 B3 o2 31 MUSES-C+ A3 4 Itokawal] BF
L AL E AL BRa ) o] F @Al 2+Z} Hall effect thruster?} Micro wave
ion engineo] A 2l=ul, 27 AW v 4o BAAL o]&HA 28I FA Bt st
= L A48 AT A AT Q= FEAEHA 3E(STSAT-3)d = A7 52 FA
7} A5 =6, SMART-1°] 24 Q9 232 4 Hall effect thruster7t 4394 AFAE
9} KAIST 28/8t3tel GDPL 3522 7451 ok 5ol $& A7) 79 A& Aest
71 98 237 YRAA LARE Sehanty £33 S4L A AL WP F&H 4]
t}. o] =B AL o83t Eat=ule} 54.& BASHE WY 22 Particle In Cell ZAFS} H &
=4AA AN YY) L5 71&dE AR A (particle simulation)E °] &3 HES AA|
SoA ok olE s A2 I AR AN FFRAE AAsn AP FIRNA EF=nt
2E B Pud AL ATH & ¢ AL Aoz A4d.

ABSTRACT

Electric propulsion has become s cost effective and sound engineering solution for
many space applications. The success of SMART-1 and MUSES-C developed by Eu-
ropean Space Agency (ESA) and Japan Aerospace Exploration Agency (JAXA) each
proved that even small spacecraft could accomplish planetary mission with electric
propulsion systems. A small electric propulsion system which is Hall effect thruster
like SMART-1 is under development by SaTReC and GDPL (Glow Discharge Plasma
Lab.) in KAIST for the next microsatellite, STSAT-3. To achieve optimized propul-

sion system, it is very necessary to understand plasma motions of Hall effect thruster.
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In this paper, we try to approach comprehensive plasma model with the particle
simulation complementary to Particle In Cell (PIC) simulation. We think these two
different approaches will help experimenters to optimize Hall effect thruster perfor-

mances.
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Hall effect thrusti= E x B effectoll 23 Ax}= AW ¢holl TP 7|1 o] -2 A7l A3 7}
HA7lE A7 28 ZATh 196032 d7H 7] AFsged, Arddas duE dde
A ®&n A7 FSHAAT, TaAGHE BE3] AL Ak AF7HA 100497171 dE Hall
effect thruster7F 712 =0 289 Ao SAE Aoz d&A ot 19903 282} 53 T A+
FHAE- 22 Al /)L Hall effect thruster?] 5ol thd] o 748 7HBA W, A2 A+Ae
HNE B FAAE A4l ol thruster7t &5 o] glov, ESACA 723 g&Ad SMART-19
gAH o 4T AR YRS T3 TH(Kozubskii 2003). 12 2 AT F3}7)eAY 3%l
o] 2 3 Hall effect thruster7} 785 o] 228 Aoz g}

Hall effect thruster®] B3] T4 8T, o] R o3 Fep=upe] FH3H2 ofF A o]
H1 gA gtk o) AL 227t R 0LE ol&F 7] Y3 A F A B, & AAF
o2 Zg2utE FAZ A BEF AN AAE 4L shatste by 2F AA A&l o
Aot BARL 2 Q7] dEojetn & £ Ytk 2ol o] F el FUd AN ¥+ 9
= PIC(Particle In Cell) 2 A& £3] Hall effect thruster?] A3} 2 A& Fo} Bl x| A
=93 QAT A ojH T PP o2x AA Fe=vl 25 $HSA BAE £ e 712 g
o] YA B3 A7FHFA L A5 FANI 7 AN E FART 27 & NLss AFA
7t etz vle) 50 e Z Yo odE 22 I AEE T8 A3 S F= Aol HA
o] whyolgty gk o2 F B2 dFAANA o] =R PIC BAS} 34 Zhzhe] 1A}
2 A}(particle simulation) & $31 F2 ¥WH o] o] R A Hall effect thruster®] Y& °}3 3=t A&
2 & d=Add t3f =8zt st ‘

2. HALL EFFECT THRUSTERS’.I Szt |zl

Hall effect thruster®] 2= t]$ 7igbeict @ 7]9 2}7)=2(magnetic pole)S o234 A
B (radial) B9 A713E BE Frh 29T A7 £4F 3 PR WAL ol F
W AREL xpo] 2(gyro) WX 2 o] 27| W&o E x B EF(drift)ol &3 2 1904 BJ A% 2
4232 37 9tk AREL oA AL S L WM A5 FFH 34F 94 £ FES
ES 0|23} AUt} o] FA AAY o] LEL A2 Wi Fo] AN WYRIEXxBEF 25 T
4 9T A7) A8 55 o] BAHCHKIm 1999). Wekd o2 Ao E BAEE oo SEt
% Wox FojE AL A7l sl A3 |
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Cathode emits electrons Electrons drift azimuthally
for jonization and after belug frapped by radial
neutralization  __ magnetic feld

N collislon with
v, § 4 wlectrons,
and
accelerated
hy axial

a3 1. 9 A9 outer magnetic poles} 3 7§e] Inner magnetic pole® FA¥ Hall effect thruster®]
W' & (Gulczinski 1999).

z-r phase space for argon
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23 2. A8 code?) OOPIC proZ o} &3] Hall effect thrusterdl A 487 £AEE A& BAS 19,

3. PIC(Particle In Cell) 2 A}0]| 2|8t HALL EFFECT THRUSTER £4

Hall effect thruster& 7A'23l=u) glojHe] & BRE Tl Flojd A7) 39 ZAE ¢E7)
AP HARA 2L = Aotk olHF HAG 2AL FY Ut 4FE T o[ AAE,
AREE o] 43 AL AP L o83t B} ARA LR thrusterd] A5 F4E 28 & Utk &
A€ plasmas S eHA BAE £ Qe Bdo] gltke Aotk §A syttt nlAH 2 g A3
|7 FAAYN S ge Fehxvl JAE o] FA BAEE AL d4H o2 27b5 st ayvk 4
A Set=ol AHES A ZAFE £ Atk AR o] BAS LA 3= AE o2 N Al
Z(cel) 2 oM AlE G 2 uhEo] 2= B2l parameter§ A-§3to] FEt=THY 58 AEE
E A, o] =2 4222 7R OOPIC pro coded °]&3to] BA AHL AT
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29 3. 4 ZAE B3] AR & /9] £5& EAG F3 X, Y oA vebd 23S) 9 Y, Z 3N
Vel d3t(otd). AL 258 wet EA43 AIFL XY Bede] 4 dot

JY 2& 1 AL Y F2 vk

o] ZAL Ao Ao vl & X o] 50mm, ¢ F-& 25mmety 7HR ST 27122 A
5 UYL R 200Gauss A7 2 EA)3te] FZ(anode)ol= 150V Ate] A7 3ol s 2A
Ade IR 2A A F4F /1AL AHEE ok2Z(argon) o] A7 3 TS EAL
£ ESS 2% 20049} Zo] FAF 4 AATh

i

4. PARTICLE SIMULATIONZ £t HALL EFFECT THRUSTER &
PIC B4} 3 o] Eetzotel 4ul€ 714 A AR 4 9t BdE oA 94, g8

2 4ol 44 AANA B2 4 IFE 7T olA Bohod o 4R A7) 28 FH gl A
2¥ 4 9E7hs E 08 BAleith 44 4¥ 279 2 %ol A2 o W $9& coded]
A4 g G4 Bk o] LEAAE PIC s B2 Besh o 4R A 4ol A & e} AR
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7holm e 25 s 94X BAE olgde] Anl Rtk od @ YA BAR Bl 47133
71730 48 2o 25 HAAL F Aoz AT YA 25 71EsA Ak
m%:q(va+E) (1)

EE 45 B2 YAE2 7D A4 Fehanh AdA olH @ o 44 2AL o o4 fEHA
GA T, Holx APAA dedtn ARFA 7L & 4 Avkn A4

2A AP A3 S4 B2E AFol 50mmel L FE AFo) 26mmd WEY BHE AHA
o AR AF HF R EASD, W71 SR 1000V/m7k EABTHD AR ST
g Aol 1evel AUAE 2 AT ANE A W 252 A FRHAG. 1 2HE
2% 300 e ek

BT YR BAVL BeFE Aot FolA UBE A% Lo] AT E x B EF 23 B
¥ ol A o4 BLFE e Aol ok}, wheE Aw ¥ 3Sdel Av e vt 25
T Yok Rolth o WA ATl WO YT S AL A4Yel o8 Ao 4zErt
e WAl €5 AA 34F AN} FEY & Ak AHE 257 WFol A Hall effect
thruster® AAY o o]} & Fo] L2 5ol o} B},

5 &

9 Hall effect thrustero) )8 Zehzvhs) 52 Shis g 5 sa-s sdo] AT
W, o] Bdg wgoz g 18 B 29719 232 ;

3 ol BAE TANA Fooh oA S A5 E TN A8 %OI ANA
A2 ASHD Ak AT Aeigols FAN Feharlel FARE IS AL 14T 4
& 2E 2713878 AEshe A3 449 BAOT gebd 2ok e 2Ag 44 48 =
Ag cl§shel 23Y 457 Behmuhol AT oA wole Aol e B2, o £E
2k
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