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Effects of Magnetic field Interference on the SBS system of
Magnetic-Layer Heads
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At Gifu University, influences of interference effects of a Side By Side (SBS) system consisted of a hollow cathode and two
magnetic-layer type thruster heads on operational stability were investigated. The results revealed that the amplitude of ionization
discharge current oscillations in the SBS operation at high discharge voltage was clearly decreased compared with that in the single
operation. The peak energy of ionization beam in the SBS operation at high discharge voltage was lower than that in single
operation. These results reveal that the ionization region in the SBS operation is extended to the downstream by the plume

interference in the SBS operation.

. &% 8 & R

BELEA~OHF NFEEFE TIE, LEO 75 EML ~idh %
s A OEEREEH T Y L L CERHERDE

ARG IREINTHD V. dR—/L AT AKX L HE T fEk

WIZBWTEWHEEIENE O E T2, ZOBEKHEEKD
@«ﬁ}: LTHEASNTWS 23, —/L AT AZ I T v
VANBRIZ K S THEEEN, v R T v T LA L 40
L7 ) — RA YR 220 2 FEIEN EITHZERR ST
L. wITAXTF o7 LAY, IET ¥ o RVERT ¥
FMBL Y EL, (FRIDHEILE L WO RERH D,

HARTIE, 7/ —FbAYh~y REEHHEEAL, 7
FTAB Y AT LA TCORKBNR—IVATAZOBFICHEIT T,
vz % TRANIN (Robust Anode-layer Intelligent
thruster for Japan IN-space propulsion) | & LC, :[EIBA%&MF
TR T TS 829,

I BT, RANIN IZTHESND 7 T AX VAT A
TOHR/IMERRBTHAR—INATAZ~y K2 Lo —
F Y — R 1ZETHEER S U5 Side By Side(SBS)Y A7 A %
L, ~y FETERRIETHERE, HEEMaE~ 02
IZOWTCEHMEZEED TE 7z, ZNETIZ, v~ I F v L
A XA~y FIZBIT L HES AT L E SBS AT AT
W, FEBR & BERRST O E ) DI A D H Z LT, T
VRN HEREVERE, T — AR Z KT T2 5%
AOMCLTE B8, Fi-, AFEELE FIZHV T SBS
AT BT D EBEREIRIE O HNHI FTREME DN R S 47z

27).

ABFZETIE, (FBVREEIC IS8T 2 IR R AF IR D REHIRTE

fliL SBS {EENCOTFWRRIZ & 2 EHEERE~DEEIZ S
WTORFTEIT- 7.
2. 2 B A &

2.1 Side By Side(SBS)Y AT LA AWFFEICTHW =~
TXF w7 LA ¥YRAT AL~y K GMKL D& %X 1
{289, GMKL 1% SPT BUZ B~k T % o /LN CREHR
DAFE—FETH Y, BB LRI LR TR
ZHT LN THD.

Propellant
Magnetic pole

Coil

wwoQ

A

Insulator 24 orifices

1 ~7FxF v 7AYo~y K GMK1 O &K

AKSBS VAT AEK 2R T. HRICHTIgRE LTHR
—H YV —FEEEL, —EHREZATAZ A~y K& 2 Fid
B4 5. Aa—7h Y — KX Veeco L HCN-252 % fv /-,

This document is provided by JAXA.



Hollow cathode

Dr

Thruster head

X2 SBS 27 ADOHEAK

22 BERVATLBLUBIBMNAROEAEGHE
SBS 2 AT ADEIRL AT L&K 3ITRT. 2FEDO~y R
WA BER A AV WD, SBS VAT ATIE, aAVE
WBEE~y FICHET D Z £ T2HEDO~y RIIXT 585
FIInrm oAb & 2ERET 52 LN TX 5.

4(a)(b)IT 2 S DREBHIINIT 18 DF A& o DL AN &R~

PU.

COIUm'i. PUcoil
P[IJheater T

1l 1]

|

PUkecper
PUcoil
—o0—o0

X3 SBS AT AIBIFTAHEFRS AT A

(@) o (€

HeadA HeadB
(@) WEFIINIE 7171 (Same direction)

.

HeadA HeadB
(b) BEEFENINIL J7 1R (The Opposite directions)

4 BESHETINDT M O AE RAT6 T D IR OB X

2.3 EHIRATL AFEBRICTHEEI ZIT T2V AT A
DE&MEF 1ITRT.
#£1 KV AT AMEENSM:

SBS {E#) Single £} Solo {E®)
HEEAMILRS | ~y R23 | ~y R1H | ~y N1k
TN N~y R2H | ~y F1HE | ~y R2%
EALELN N~y R2H | ~y F13E | ~y R2%

2.4 REEBIURREH AEBTIE, KEERM
W7E, MEBRBEIRGNE, (4 E—hzxrX—l
ExEIT-T-.

AEEGE, MEBRBEIEBIEI L N e —T %A
WCHIELE., A4y E— AT R AF—HETIE, K5I
9 RPA Wz, 1st 77V » NIFREEN, 2nd 77V v
R1z-30V, 3rd 77U » K2 0~300V, =2 L7 Z|Z-30V FHIfIL
72. RPA XK 6 2R3 L 512 z A~y RTFHIZ 250mm
ONLE, x FHNZIE HeadA HOMIE TH 5 78mm OLE I
HE LTz, A4 E— A VX =3I L, 27 %
BRENET D TAF XX EHL, —
KX = — 7 EICBIT5 3rd 7'V v RENEEICER L,
AF L E—LOE—7 ZXNX—EBIE L L TRHEE1T S .

2nd grid

_Collector

Ist grid |
N .
L +—3rd grid

i

X5 RPA DA

Z[mm]

250

200

100

Hollow cathode

-150 -100 -50

X[mm]

[€ ‘!

156mm

X6 oAy —hzfF—H{IEMNE

This document is provided by JAXA.




AFEERIT, IAXA FHBFRFDANR—AF ¥ 3 —
WIZTER L. ~y ROHEAB L OFRe—0 Vv —FH
HAZEFE 2 HW, ~y FREF 1 EHRY
12.9sccm, MLERTF ¥ o RV N KEGSIE 35mT TH 5.

-~ RTHIEHE DT 138 B bithE7e 156mm, 7Y — R
AL DC L Omm (2 TEEN 24T o 72 R— /L A T A X {EE)
DEZEREIL 2.2X10%Pa TH 5.

. W R B & U B R

31 KEERERHE 7K B EE %5 SBS
VEBIIG & Single /EES T HeadA DB EIE AR
SBS {EBIEE DAL 1E, 2 > DREEEININIT O AE HED
EEEIZ TIT o 7. iFE BT 140V Tk SBS {E@hiFIZ Single
TEBNZH, BB TUEDS 15%800, HEEE 200V Tl
20%MLT-. ZDEITEDKEBBETFTTH->TH SBS
VEBNE C D S BB Single fEBIE: L v & HUINT % = &
PR TE 2.

14 T T T T T I T T
—_ * SBS
= = Single
g 1.2 .
t: [ ]
=
&) L ]
o L ° _
%D A m
-= [ ]
A 0.8 . .

L | L | L | 1 | '
120 140 160 180 200 220
Discharge voltage [V]

7 SBS {EEFE & Single {EEIFIZ 31T D AR EEDRAE

3.2 WEENRIRE) RS 8 |Z SBS f{EEIM;L
Single YEEhFZ 35 1T 2 FEEEEIT 130V 35 L OV 200V IZF%E L
72356 CO HeadA O MEBTIEEII I % 7~ 9. SBS {EB)kF
IZBIT % 2 SORBENN T RO AE DRI X 5 ik E
WIIFERR TE 2o 7272, X 81213 SBS fEEIG O F L
L CHSGZRIFRICEII LS E Db DODOIHRER L TND.

JEE R 130V Tld, SBS {EBIRF O EHEREIENE A Single
VEBHREIC HE S, I RIERRREE £/ ENICIH S5 Z &8
R TE7. Lo L, AEEE 200V TiX, HAREB)RFC
PRIE AN MR 95 DI L, SBS YEBNRH I ASME D
THY, 2 OOEENT— N TOEBHREMREEO MM
RAEPHRTE T,

9 IC KB TEIL T C O EMHIRENRIR O I % R~
TN TOMEELE FICHNT, Single /EEIEFIC SBS 1EENI
IZHETIRIENEE AN L T 573, B EE 140V Tl 56%
DB Ui 200V TiE 301%# I L=, 2Dk 9

\Z R T Cl, BEHEEIRIG IR 220 B o h iz,
HEBEDSBINT D LIEEABINT 5 2 2%, EEESA
WCHEITT 22 THLNTH DD, RREMEL S, SBS
VEBNIG T OIRIFE ORI Single /EB) L 0 B0 TH D Z
EMHAL Mo TE.

: . :
— —SBS(B:The same direction) 1
= —Single
= 2F s
L
3
&h
3
=
2
2
|
00 1 2
Time [ms]
(a) JHFEFREE 130V
—ISB S(B :Tlhe same direction)
< —Single
E p
5
Q | | ‘ ‘
5 Dbl i Al
s 10NN - - Iy “
M Sl R |
A i
L
L 1 L
00 1 2

Time [ms]
(b) HEEEE 200V

8 SBS {E#@IF & Single YEBIRE T D HEE BT IRENIIE 2

2- ® SBS (B:The same direction) T
= Single

The amplitude of
discharge current oscillations [A]

| L I 1 1 1 | L

920 140 160 180 200 220
Discharge voltage [V]

9 SBS {E#hKE L Single /EENRE TOEBERENIRIE, 2A

# 2 \THEEE 210V I2F81F 5 Solo {EEEE & Single 1EE)
B O BHEHEEN YRR X OCESIEE S A2 R4, 2 OllE

This document is provided by JAXA.



iy RREEEE D 2 200mm, JETF ¥ > LN KBS
1L 24mT, ~ RFiEAY 12.5sccm (2 CHEJiti L7-.

F 2\ TREND X 91T, Solo fEEK: & Single (B0
PIRIR & SEIRBIBULIZIERRE TH Y, PR EI3MER
T&7pio7-. Solo (EENIHEMERIZ 1 ORI T 5 2
ETL1RDOAEE T2 LD TH LN, W L OB 2
FEICHIMENTE Y, Dingle /EBII & B ZE W E L7
WRER &7 o722 L1, SBS fEBRFICIS 1T 5 BHEHEEHER
D3N A2 FERIIHG T L B THBIC L 2 H DT
2, TN—LTFWTHLHZ LERLTND.

#% 2 Solo fF#EhK & Single fEENRF O P24 MR & A HIREIEK

Solo {EBIRF Single 1EBIF
EHHRE IR [A] 1.199 1.185
SEERENE [kHZ] 6652 6831

3.3 4FVE—L, E—=HIRILX—FHE X 10 I
SBS {E@IRE & Single fEBIRFICH 1T 54 A B —LDE—7
TR —FRT. EBEEN 140V 205 200V ORTIE,
SBS {FENIZBIT A A AL E—ADE—F TR LF—
Single {EBIRF X W KT L7=. BRI B BIL ) 200V OBFA,
SBS {EBIIF 0D &' — 2 BE 7 Single EBIFFIZ L~ T 10V IR T
LCEBY, KEBESEIMT 5 Z & T SBS fE#kFO v —2
BIEME T T 2R ZRLTWD. ZOREREIL, SBS {EH#)
IiFCid: Single fFENRFIC LL~EERED THICE T 52 &, MK
BEILEO EFIZ, ZOENLENT 5 LB 2B
5.

o 200 . : : .

— [ & SBS

EP 180F Single T
E I ]
S 160 . i
CéD L - i
S 1404 . i
s I . ]
2 120k -
3 I ]

A )

S 100 ® i
[a W)

L | L | L | L |
120 140 160 180 200
Discharge voltage [V]
10 A A4 —L4A, =7 R)LF—

ZORERE TN — L TWOBEANOLERL THD. ET,
FI—INTHT 52 LIk 0 TUERIC T T A~ HE
DEINT 5. 7o RX<BENEMTHZ 12Xy, IEF
¥ RN ASOHEE T OB TR OE T-HEREMT 5.
ZOEFEEOEIMIEY, TR LEMENBLE, J72b
LRSS T ~MEET 5. Z OBHEEEROMEIC LY
BHEEI N DR T T A~ BEOEMBZIZ b, EhE

IRERIEOMFNZ IR ~T2 B2 BN D.

4 F & &

VI RT 7 LAYy R 205725 SBS1EEh & 1
FAZ & D Single fEB 24T\, HEETME, MEBRIEEN
B OBEBERGFHEOFM AT o7z, EloA A B —Lbx
ANXF—REIZL Y, TUREHEEEA~RITT R
DWTE OB OfE 417 > 72. Single {EBIIRFIZ L, SBS
VEBNRHZ OB B A 2NN U7z, FeB B iiREh A AN T,
L R A EEh A SBS {EEh T o B HEHRENMENE 23 Single 1E
LD bIHl Sz £, A A E—LADE—7 T X%
NF G D, BEEED 140V LLEIZEH VT, SBS
B TOE— 7 =R /LXF—7 Single fEEI L WK T4 5% 2
DM CE 2. 2D OFERIL SBS {EBhR I E R D
HREC X D EB R ESEDR EOREEZ R LT 5.

BEIR

1) R—IV AT 2 Z IS
http://art.aees.kyushu-u.ac.jp/research/Hall/inspace/ins
pace.html

2) ILAERA S In space propulsion & L TOREIR—L A
7 2 Z O, Fk 28 FEFHEE S VR T L,
sl £k, 2012,

3) SN —, JillFEHRE - EXHER > N AR, 2003

4) Yamamoto, N., Ezaki, T. and Nakashima, H.: Thrust
Performance of a Low Power Hall Thruster, Trans. of Japan
Soc. for Aeronautical and Space Sci., Aerospace
Technology Japan, Vol. 10, No. ists 28, pp.Th_9-Tb_12,
2012.

5) SHIEER, HIRESE, HFEIL—: A—N AT 2 X OHtE
B LOWERNRICE 2 D WSRO, AAM
2¢ PHRARSUE, % 55 &, 9 636 5, pp.8-16, 2007.

6) Ando, A., Tashiro, M., Hitomi, K. and Inutake, M.: Beam
Extraction from a Hall-Type lon Accelerator, Rev. Sci.
Instrum., Vol. 79, 2008.

7) Kasagami, S., Okuma, T., Yamamoto, N., Watanabe, H.,
Nakabayashi, T., Tamida, T., Osuga, H., Aoyagi, J. and
This document is provided by JAXA. Takegahara, H.:
Feasibility Study on Hall Thruster with Inductively
Coupled Plasma Cathode, Proc. of the Eighth International
Symposium on Applied Plasma Science, Advances in
Applied Plasma Science, Vol. 8, pp.27-30, 2011.

8) Ozaki, T., Inanaga, T., Nakagawa, T., Kasai, Y., and
Matsui, K.: Development Status of High Power Xenon Hall
Thruster of MELCO, 25th International Symposium on
Space Technology and Science, ISTS paper 2005-b-34,
2006.

9) LR, MARIE—, LR, HHIFE, LIRFIR,
HPRR R, HIFGL—, FNZFERE: AR—N T 2L D
BAORRME, AR 14 FETFTEHBE S R T T L,
pp.209-212, 2003.

10) Nejoh, Y., Nakamoto, H., Tahara, H.: Investigation on the
Cross-Field lon Transport on the Discharge Current
Oscillation and Performance of SPT-100 Type Hall
Thusters, J. Plasma Fusion Res. Ser., 2009, pp.773-779.

11) Miyasaka, T., Shibata, Y., Asato, K. and Segawa, K.
Investigation of Acceleration Channel Processes in Hall
Thrusters by Particles Simulations, Trans. of Japan Soc. for
Aeronautical and Space Sci., Space Technology Japan, Vol.
7, No. ists 26, pp.Pb_83-Ph_88, 2009.

12)  Miyasaka, T., Shibata, T.and Asato, K.: Particle
Simulation of Discharge Current Oscillation in Hall

This document is provided by JAXA.



13)

Thrusters, Vacuum, Vol.83, pp.61-66, 2008.

Furukawa, T., Miyasaka, T., Nakayama, E. and Soga, T.:
Enhanced Propulsion Performances under Optimum
Parameters in Closed Drift Accelerators, Vacuum, Vol.73,
pp.407-418, 2004.

14) RN, BOFHAT, mSRE, RERME R —r 2T 2

BT HIEBERIEH S O 7T X~ Kk, H A Z2
FOEHFATOUE, 4858, 5561 5, pp.336-342, 2000.

15) Furukawa, T., Miyasaka, T. and Fujiwara, T.: Control of

Low-Frequency Oscillation in a Hall Thruster, Trans. Japan
Soc. Aero. Space Sci., Vol.44, No.145, pp.164-170, 2001.

16) I, EHE, BRI : R — LA T 2 Z OIRJE B

PRENHAEN A E T HEEA T 2Gh RS20k, A ARMZEFE
FoEROCEE, 5 50 %, 5F 583 5, pp.325-329, 2002.

17) U, =S, ERERNE « A — VIR SHEERE oD fik

BRHEIC S 2 5 PR SR E DB, 7 T X< It AR
2, %5 10 %, pp.36-43, 2002.

18) I, E SR, SO, R AR e Hall s o

19)

20)

21)

22)

23)

24)

25)

FERE W BB I BT HBERBIBEONR, 77X
~ o MEEE, 11 %, pp.41-46, 2003,

T. Miyasaka, T. Furukawa, Soga, T., Nakayama, E.,
Kitagawa, T. and F.Y. Zhang, Influence of Propellant-Inlet
Condition on Hall Thruster Performance, the 28 th
International Electric Propulsion Conference, IEPC-03-091,
pp.1-9, CD-ROM, 2003.

Cho, S., Yokota, Y., Hara, Y., Takahashi, Y., Arakawa, Y.,
Komurasaki, K. and Kobayashi, A.: Development of
Lifetime Evaluation Method Using Multilayer Coated Chip,
Trans. of Japan Soc. for Aeronautical and Space Sci.,
Aerospace Technology Japan, Vol. 8, No. ists 27,
pp.Pb_51-Pb_54, 2010.

Yamamoto N., Nakagawa, T., Komurasaki, K. and
Arakawa, Y.: Discharge Plasma Fluctuations Hall Thrusters,
Vacuum, Vol. 65, issues 3-4, pp. 375-381, 2002.

Yamamoto, N., Tao., L. and Yalin, A. P.: Development of
Real-time Erosion Monitoring System for Hall Thrusters by
Cavity Ring-Down Spectroscopy, Trans. of Japan Soc. for
Aeronautical and Space Sci., Aerospace Technology Japan,
Vol. 8, No. ists 27, pp.Pb_39-Pb_44, 2010.

Miyasaka, T. et al. : Overview on Developments of
High-Power Anode Layer Thruster in Japan, 29th ISTS,
ISTS paper 2013-0-1-1, Nagoya, 2013.

Yamamoto, N. et. al. : Developments of Robust
Anode-layer Intelligent Thruster for Japan IN-space
propulsion system, the 33st IEPC, IEPC-2013-244,
Washington D.C.,2013.

Miyasaka, T., Asato, K., Muraki, R., Furuta, D., and
Kubota, K.: Investigation of Side by Side Hall Thruster
System, the 33st IEPC, IEPC-2013-110, Washington
D.C.,2013.+30 ISTS+IEPC

26) EHCGRGE, P, AOREAG, O, DHRRELK

SBS AR—I/L AT AHZ AT AOMERERE, YRR 25 4F
EFH@EE T RN T AFHIN S, STEP-2013-051,
2014,

27) W EORHE, ESGRGE, R, TR, RIETA,

TEKRKRHE, 5 HEAREHS, BERLE, =5 A— R
T A ZBEA~ > RRTHIC X AIEB R EME R L OHE
HEMERE~ DO, R 26 (FEFHESE S VR YT A
ISR, STEP-2014-027, 2014.

This document is provided by JAXA.





