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Development of divergent magnetic field radio-frequency plasma
thruster using permanent magnet

Daisuke Kuwahara

We proposed a divergent magnetic field radio-frequency plasma thruster using permanent
magnet as a future electric thruster for space vehicle such as a deep space explorer and
manned spacecraft. To suppress the wall loss of plasma, a prototype thruster has high
magnetic field source made by separated C-shape and disc neodymium magnets. We
developed the prototype thruster and constructed a test environment such as a vacuum
vessel for the discharge experiment, and conducted the initial discharge experiment.
Through several discharge experiments, the parasitic discharge around the RF antenna
was successfully suppressed.

Keywords : Radio-frequency plasma thruster, permanent magnet, divergent field

1. &I

B HERERS T A BERMEER I A THESCTHBRER S CHRANEA TVWD D, —icer v b
:///kwofﬁ@én6%ﬂ%%méﬁf@%ﬁém%%h%i HEEAl O MEICEHTE 5 =%
NMF—THERAERDFOMLZZ R A —IZBON D720, BREIZORN DT OHERGEEILFHBEMIC
300~400 m/s I F D, —FH. ERMLE %i HIZEOE A DRBELMIEND 7T X~ E AR - N
WLCHH L, TOKDELTHNZED, Y7 XAV EIHmBEHIAETCHY, B - A4 (BHELT
W WHMERLF L E ) THRIND O, #E - BEIEZATOBEBBLEM A L OEHSEL 2L
WTED, ZOEDIELFNF—IZHK P, BELXAEESNTVDLHR -V AT AL —0f F =
YUV ETRPEREENMEFHERO 10ERETH Y PR EE & ET 5B R HEID LR L
I0fERETH D, BEVEMAM (R 8T R TREICH LW FEHEBICRE W TRE 1T HEA O
BHEICHEET 2720, T EFax bOEAMB A S 2 2 L ELKMERTTEHHMEERE L TERLT
W5,

RIS & LCid, MEHEEIBO TEHEHTH IS DODEFREND WO IR/ L ThHY , it
MENCL L2DBBEEMMEIN TV 2 ELRMHEER I+ ~BE mNICEED, MX T, F—1 A7
AL =R, F DT TR DAERK - NI T T R~ LT AEBE VSO, Z OB

.20.



KA L BFEBRT 7 AW T @ B 77 X~ A7 X4 — DR

FIRD 77 A< L 5HEEEZZTHEMORMNELFIRINTND, Z0D, FFROFGAKEI v
3 EOEOORMFHBECRMEAATHED THEEMK & L COXBABIHER XML+ TR
L FERFTANRKRDENTWD, ZOMIROEDIC, T A~ - IMEOW ST TS T X~ &l
LEMEFR 2D [EEAKR 7T A~2 T 22 —] BPRESN., BN TEMBICE T 2 @S EaE e s
fThnTnd,

1.1, BRARTISATASRAE—DRE

Fig. 1 {25 & (RF: Radio-frequency) 7 7 A< A7 A4 —OFHK Z/R-7 1D, ARLET I v 7 EOH
BRI EREONEIZ RF 7 o7 Fn&nnTB Y, H~%+ MHz O 5B E G I 5 L RERS
WICR B - BN E N5, MERIMSICITHEER & 72 b PRI+, — 7T rayr, 707
by e/ VEORIERT AN EHEEN, RAKICEIVEHRLY 7 XA~vERdb, 20T T X< EH|IZ
EEICE VEH T 2720 TIEHENICHS LW F R~ OWER A/ 1XE ) - HEER RN Y | 7,
HEERE~EET ORI MBEREAZBESECLE Y, 20, BHOSCKABS /2 L Clil )7 m
LaREML, 77 XA~ BENIRICEE A WCEES T H(T7 —~—EE, V(7o be s EEH)EE LR
LT, A ANVTHMGIBE L T 7 XA~%2WiRT5, 77 AvEREMEOW T T 7 X~ L #
fih 3 2 BBBFAEET, FEHEEFICHOONDI T I v 7137 7 A~Mhn@Emnizo, R2FRITFRE
MICEHMmTHY ., KEHLICE D KA LicHm FRTH B,

BBV seagnpe

SR 0 ABE
\ e
i I
i 4R

RF 77253

Fig. 1 Schematic diagram of radio-frequency plasma thruster.
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Fig.2 Structure of permanent magnet RF plasma thruster and its magnetic field.
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Fig. 3 Separated magnets structure, 45 degree C-shape magnet and ring magnet holder.
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Fig. 4 prototype RF antenna.
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Fig. 5 Developed vacuum chamber (ChuChamber).
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Fig. 6 Pendulum-type thrust stand (left) and sensor section (right).
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Fig. 7 Photographs of first discharge experiment (left: side view, right: front view).
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Fig. 9 Photographs of discharge using upgraded RF antenna (left: side view, right: front view).
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