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In order to achieve an electric propulsion thruster with both high thrust density and high thrust efficiency, a plasma thruster with a
strong magnetic field more than 1T was fabricated and operated. The reduction of the wall loss due to the reduction of the ion Larmor
radius caused by the strong magnetic field and multi-ionization resulted in two peaks of thrust efficiency (25%) at 1.13T and 0.44T. In
addition, efficient operating points 1.13T at high mass flow rate and 0.44T at low mass flow rate had high thrust to power ratio and
high specific impulse respectively.
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Discharge voltage, V Vy 300-400
Magnetic field strength, T B 0.24-1.13
Anode mass flow rate, mg/s 2.7-4.8
Cathode mass flow rate, mg/s my 0.49
Keeper current, A Jx 2

2.2 HZEHKR AR EBITSTERFR20m, ES
4.0m OFEBEED 2T L 304 BB ZEF v L NN T - 7.
FEBRFTF v L SNITE — R TR 7 2 B (HERGEEE 3600LJs,
4050L/s) I L v HER SN TR Y, AT AX{EEFOYEITT
RTOEMET3.0x 102 Pakiii Ch o7z, T, F— 3—F
MR LI OBHEENTT v o AR BER D7 4 — FAL—1b
s L.

HARMETEZEZARe—X 2N LTF v U SNIZEA X
H, 29007 Y U 7Tk THREBENEZAZ L RT—AIC
Lo THRESNEEY FRATAMRZ VR Nk - THT
ST, AT A NAZ L ROBAITT ¥ 7SI EBICRE Sz
EX1ImOT7AIBT — AT X > THEIEL, 7 — A5
ICRRE SNTAERVEESHC Lo THIE Lz, £/, AZ R
T ARICHENEE SN TR Y, 2 ERE U CRE R,
A )VERE, HEEAIR KOV ERE AR HIK MRS Shz.

. RB® R B S U FE

31 HMBLUEREERE X3 ITHESEE 350V IZ
BT D05 & MEBROBRE T, B, Y — FOEH
HIFRIZ & 0, ABFZE T 20A LA ETORKEIIIT - THRWND
ARATAZITBIT AUROHR A ML D 0.25T £TOD
FEBR 0TI, R— DRSO 1 RIS BT D B
BIREENSE BTN 22Y, 0.65T LL_EOFES Tl Z Auchit
b, DLAKPT OB TRENTWD & 572, BRI
? 0.5 FIZLBIT B X O A EBI-BEEFHENS & iz, ki

20
5 1% B o
-/ i,
z e 0 4.1mg/s
EE ol 1) @ 4.8mg/s
o[ 8
N §.. .8 o
Qe
5t ’""“"~'-‘~'.'.~.~,'.:9.‘.'.'.'.§.""
1/VB )
0 I ) | L
02 04 06 08 1 12
W3m D E[T]

=

3 EIRESRE

i)

120
©02T +
100 + @0.4T 2.7mg/s i
A0.AT3.4mg/s &
04T 4.1mg/s ¢
80 | | €0.4T4.8mgs & "
= ©0.6T z; %@
E ©0.8T o '@
R 60 | o1.0T ° @g
| O1.1T >4 B
40 oy
20 ,/i
a = 0.66
0 " 1 1 1 1 1
0 20 40 60 30 100 120
rin/2eVa/M [mN]

X4 HEEE m(2eVy/m)Y? vs F

OIS EE RS IRE T 2k R o iz Z &
M0, SRBEEEIINC AL 5 BB O R 2 EMESE T DO & {2
L7 AIBEMED B 5.

AWFFETHW - CC-EST Itk Eifa A L% Az
0.25T £ TOERICIBWNT, FrEIEE:

2eV,
F=a'm d €Y)
m;

WCHE D &9 e fEAEEAE STV 3, 1 4 (o
A OBAEFFEMEIC L VSN DHES (m[2eV,/m;]Y?)
ERBRIZE - TH LD L Ok % R$. 0.65T-1.14T
DI TIE, BB L ZHEZ o = 0.66DEMRMIME-TEY, #
BINERIZ LV G oNHAFELZRHATETND EF
Z5. —JT, 024T BLN0.44T Tix, HEEATTEIMEL
FEBENENEE Z OEME LRI DM A A L. §iE
NI FE S & Z ORERZMIRT 5 &, 4 BB AV - B8
FREALEIC K D HE NI — MR 2 0E L T 523, BT
BMEHIZVICL YV Z DT RAFT—RNEASND L
Lo TEAliA A2 OEEAEI L, MR DORKE DA F 5
L HONEETHERSND Z LT, BWHEANELNIZDOT
7B TE S,

Nz T, CC-EST IIAERDEE = A /L% A= AF S FEBR I
BT, ERINERE

F =aJqBR, (2)
WZHHED &9 RSB TV . 2 T Hooper (31
v OFEB T FLF — L BRIED By

nm;u?

Br = BZ/u 3)
BRER ) ANV T i OB BEDMRWEIE Td A ELL EI272
ST XILT T ARG DB T2 L LD 10,
By D& e & FBHENNHENE 1 J4BRAZF Lo b 0 LHET D FE
ME L OB ER 5 1RT. g Line 25, it
TOME T 1 ARDHEAAE>TBY, BRIINERE & B D

This document is provided by JAXA.



120

100 | ¢

QQ

_ 80 | 2
R 60 02T
w o 04T
40 | 0 & ©0.6T
© 0.8T
20 | 0 1.0T
o LIT

0 1 1 1 1
0 0.2 0.4 0.6 0.8 1

B J4BRImN]

5 HENRHE B/ aBR, Vs F

MAEDLRIZL T, BN EZRSHATEDL LS X
%, Thebb, ARl ST HE ) ik & SR AL IR
UL, BREEGFHIIMC - ChER AV O UALEIZET 5
Be AN/ INE T2 0 BEEOFEBA DK E VR S ANVDE YT
WETA A DEHTI > THE ST LEW, P14
DIBANKE L 72 o T fE R, TBEE O S Cl3a hHERH
FENRTNRoTCLEom & TFREND.

3.2 MABE HERIC L VA SNIHET) I L UHEERT
&, EEE, WEBWNG, 7/ — NiREICT 5 HHES
BLOT /= FAERBUTOLIITROEND.

F

I, =— 4
P = g @
FZ
= 5
Na = 5V 5)
45 —
25%
40 | 0% 2
10=15%
g% - |
%30—
525 | “re
= S
B | NGRS
:E'—\w 2. 7mg/s |3.4mg/s | 4. 1mg/s |4.8mg/s \\\ \'37:‘_‘ ;B‘:L
IS Foar|@ | A e .
10 Losr| @ | A | m | @ S
1.0T| © A O o
Slinlo |2 lole
0 L L L L L
0 1000 2000 3000

EEHES[S)
6 HESIESIL vs HLHES

X 6 [ZfRFEMZRERIAE LT, EIINBLY 0.24T, 0.44T,
1.04T113T 2B 57 /7 — NEITXT D #7187 b
FllgVa& 7 7 — RIS T D A el zom 9. ek
M OBHRET /) — RE—EORER L TN D, EEEE
iz, FEHLAH AR TV MBS CIX R AEB K X
720, BR D & 5 ICHliA A DEIENEZ 5 Z & Tkt
ey, WZIRRES CIXEIRA IS < 72 v @ 1B 1k &
RBMEMMBHEDNDD, I Z THEIIZNHED 0.44T,
2.7mgls 3 X N 1.13T, 4.8mgls D 2 5T 25% L 72 B v — 2
ERoTCNWD I ERMRTE D, Z20b, HEAIFER X
OFIINBEG 2 @R E L 32 2 L2k > THRAEN 2
L, W& 5 2 &2 < @HEIIER & LB D) Y
BAEATZ DA REEN R E LS.
S BT, O NTZNRA~DIGDOFEIT DN TEREELT S
T, A AT =T AR
=g’ ©)
ET ) — R¥RER EDHEERTHOLNTZT /) — Nk
LB L7 SR 2 7 1T, ks, IR ST D il )
BEIG Tt U CIRELZR 710 & 72 D LA 5 18] OB FE R Sy ug 33
KOS A OBEMQIZBE L TUIFERNITZ TNz, £
NENE DL E E U, B L OERE e O TEE 1T
W, T = RPERRACE LTI 1 FIZAR LT/ — Ry
FROWNEE28 mmEFAVTWA. Z b, 065T U ETIET
—ETHRNT ) — RERLV /NS R2BIZ5NTT / —
REIRBM ELTWD Z EBHERTE 5.0.24T B LV 0.44T
[ZBW T, BRARFFEILERRE & OHRICB W CER L &
21T, HEEANR RN E S, EBESEWERSMHIZES
it A B FFELTODREEMERE . 2l k-,
RFEHE L L TODEIPEREENEL 2D, 7edsh oA A
VI—ETEORAE L LT MEMEKELTND S
EWD, A AT TR ERE L 0 EEEERE S BAE
HboTLE-STNBETFTRTES. LEMRST, 0.44T D5
FRZBWTY, £ A2 T —F T RN T/ — REEE FlEl-
30

©0.2T
© 0.4T
<l j’ © 0.6T
5 ©0.8T
oo | ©1.0T
| o L.IT
N
w +
15
#*+x+
10
0 1 2 3 4 5 6

71/ Ral-]
X7 7/ —K&R vs 442 T7—FT 4

This document is provided by JAXA.



TWAAREMENE L, AV T—F T EENT /) — RER X
DINS o TR EIENELNTND EEZ LN, X6
IZBWT 044T TRHEVADRWVIREIZET / — RERNE
VMEBTE 2o TWNB Z &b, ZAMEHEL 721 4 DEIGN%
Tpo Tz Z LI ERIN e A F 0 T —F T RPN EL
ol iR TH D EHATE 5. ARERICHW AT 24
%, A A>T —F 7 EB OV & BRI L OB =
LTSI ELE 2L, SEBIGOR, &2 \WIE2ME
BEZ L > TT7 ) — RERITHEARAS A T —F T HRIVNE
D Z LI Lo TINBREmMA~DEZENBY , Tt
TEIRELIZLDEEBRTE D,

4. # B

A TIL, mHENEE, S ROERIHEER DOES
ZHIEL, 77 A~HEERIOEEE AV EHWT L13T £
TOMBREINT 52 212k 5T, UTFOfEHREET-.

- SRR DL SR DIFAE & 7R3 D 1853500 0.5 T
WIS 2 X5 I Bt e S i rz.

TEBEVEEN D 2 0.44T F2IE DA IV 5 99RGEE Tl
BE, o TIHRABNBINT B0, Ziliv1 A4 0E
ARHRT D &R T HHESRHENS DT
BRBEEEIINC RN T # o F 4 v S NE(L L, AR
IR TFEIETWAAEEMERH 5.

- G I D RO I fRRR A 2 RO B RHELERE o & %)
FAE, BMICRES O ZIRIET 2B TIdAe <, MRS
M & B A A>T —F T EEOBA E S BEmEZE DD
BEGELTWA AR H 5.

- WG O D72 O T EMBEREI LS A A T —E T
PR D B HET DRI LICF 57 572, bR A2 b3 g
BB T D @R & IRBS IS B B E e HE I ER o 2
E— NMEIIDITZ A FREMENH 5.

A0, SRS T T X viREAHEERIZ VWD 2 L TA A4
VI —ETOERE I LI &, 55 E#EEIR D
LB, EREEREEZIT) ZLICE->T, A4 T—F
T RO RA~DHE L HRTD.

Eil [

AW TR LToBEE 2 A VE Y 2 — Vi, Victoria
University of Wellington Robinson Research Institute @ magnet
team IC X > TEREN7ZbDTH Y, Z ZIUE#0E LR
. ARWFFEO—EBI ISPS BHIFE 23H00210 D3 E %521 72
LDOTHD.

2 & X W

1) Goebel, D. M. and Katz, |, Fundamentals of Electric
Propulsion: lon and Hall Thrusters. John Wiley & Sons, Inc.,
Hoboken, 2008.

2) Simmonds, J., Raitses, Y., and Smolyakov, A., A theoretical
thrust density limit for Hall thrusters, J Electr Propuls., 2
(2023) p.12.

3) Ichihara, D., Nakano, R., Nakamura, Y., Kinefuchi, K., and
Sasoh, A., Electrostatic—magnetic hybrid ion acceleration for
high-thrust-density operation, Journal of Applied Physics. 130
(2021) p.223303.

4) Bishop, A., Connolly, D., and Seikel, G., “Tests of Permanent
Magnet and Superconducting Magnet MPD Thrusters,”
presented at the 7th Propulsion Joint Specialist Conference,
Salt Lake City,UT,U.S.A., 1971.

5) Zheng, J., Liu, H,, Song, Y., Zhou, C., Li, Y., Li, M., et al,,
Integrated study on the comprehensive magnetic-field
configuration performance in the 150 kW superconducting
magnetoplasmadynamic thruster, Sci Rep., 11(2021), p.20706.

6) Voronov, A. S., Troitskiy, A. A., Egorov, I. D., Samoilenkov,
S. V., and Vavilov, A. P., Magnetoplasmadynamic thruster
with an applied field based on the second generation high-
temperature superconductors, J. Phys.: Conf. Ser., 1686(2020),
p.012023.

7) Sasoh, A, Mizutani, K., and Iwakawa, A,
Electrostatic/magnetic ion acceleration through a slowly
diverging magnetic nozzle between a ring anode and an on-
axis hollow cathode, AIP Advances, 7(2017), p.065204.

8) Olatunji, J. R., Strickland, N. M., Goddard Winchester, M. R.,
Kinefuchi, K., Ichihara, D., Long, N. J., and Wimbush, S. C.,
“Modelling of a 1 T High-Temperature Superconducting
Applied Field Module for a Magnetoplasmadynamic Thruster,’
presented at the TENCON 2021 - 2021 IEEE Region 10
Conference (TENCON), Auckland, New Zealand, 2021.

9) Sasoh, A., and Arakawa, Y., A high-resolution thrust stand for
ground tests of low-thrust space propulsion devices, Review
of Scientific Instruments, 64(1993), pp.719-723.

10) Hooper, E. B., Plasma detachment from a magnetic nozzle,
Journal of Propulsion and Power, 9(1993), pp.757-763.

This document is provided by JAXA.

I





