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Abstract : Electrical propulsion technology has probabilities to lead new space applications.
We introduce super low altitude satellite as a new concept using electrical propulsion.

Key words : Electrical propulsion, Super low Altitude, Satellite Application
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Orbit Transfer Vehicle for SPS Construction
By
Susumu Sasaki*

Abstract : Solar Power Satellite (SPS) will be a large-scale clean energy system to resolve the
“global energy and environmental problems”, by replacing the fossil energy plants in the future. This
report describes the performance and cost target for the orbit transfer vehicle required for SPS
construction based on the latest SPS model.

Key words : Solar power satellite, Orbit transfer vehicle
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L FoE

20-cm Diameter Microwave Discharge lon Engine
By
Kazutaka NISHIYAMA*

Abstract: In order to advance the technology of electron cyclotron resonance (ECR) microwave
discharge ion thrusters known as the “u(mu)” family, we have been developing a 20-cm
diameter thruster p20 after successful development and flight experiences of an asteroid
explorer “Hayabusa” employing four 10-cm diameter thrusters p10. In contrast to the u10
whose ion beam current was saturated to 150 mA at higher microwave powers than 30 W, the
120 can generate 500 mA ion beam current with 100 W microwave power and 1100 — 1300 V
acceleration voltage, yielding beam ion production cost (discharge power per unit beam
current) of 200 W/A and thrust of 27 mN thanks to enlargement of the discharge chamber
and moderate plasma density below cutoff. The p20 will be applied to deep space missions
with larger delta-v and more massive spacecraft than Hayabusa.

Key words : Microwave Discharge, Electron Cyclotron Resonance, Ion Engine
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12cm Kaufman Type Ion Engine and High Power Hall Thruster
By
Toshiyuki OZAKIT*, Kenichi KAJTWARA** and Katsuaki MATSUI***

Abstract : The performance of the 12cm Kaufman type ion engine are 21 to 23 mN of thrust
level and 2,400 to 2,670seconds of specific impulse under 540 to 610 watts of power
consumption and the lifetime of the thruster is over 16,000hours. The engine is applied for
NSSK of ETS-VIII and the most accumulated beam firing time is over 2,000hours. The
performance of the high power hall thruster is over 250mN of thrust level and over
1,500seconds of specific impulse under 5kW of power consumption. The thruster is under
the 3,000hours endurance test.

Key words : Ion Engine, Hall Thruster
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35-cm Diameter Ring-Cusped Ion Thruster
By
Yukio HAYAKAWA*

Abstract : JAXA's 35-cm Ion Thruster is described. The thruster demonstrates excellent
performance in particular that is quite important for the thrusters of super low altitude
satellites. Its life has not yet become definite though the life of thrusters is also important for
the satellites. However, efforts to obtain a long life are being made.

Key words : ion engine, ion thruster, efficiency, performance, power, ratio, thrust, slats
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Why Electromagnetic Thrust is Suitable for High-Power Mission
By
Akihiro Sasoh*

Abstract : Electromagnetic acceleration is suitable for high-power, large-thrust operation
when electrothermal-electrostatic energy conversion is effectively done through

thermoelectric effect.
Key words : Electromagnetic thrust, Hall effect, Magnetoplasmadynamics thruster,

Thermoelectric thrust, Applied-field
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Development of DC and MPD Arcjet Thrusters
By
Hirokazu TAHARA*

Abstract : Research and development of direct-current (DC) and MPD arcjet thrusters are
overviewed. DC arcjet thrusters are classified into low and high power ones. In low power
arcjet thrusters, a commercially-available thruster is introduced, and a more low power
thruster is under development. In high power (>10kW) DC and MPD arcjet thrusters, some

problems exist in development, their solutions are suggested.

Key words : Direct-current (DC) Arcjet Thruster, MPD Thruster, Low Power Arcjet, High
Power Arcjet, Steady-State MPD Arcjet
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DCY—& Yy MAZAZE, HITRT KO ICAEEE 2 R, HEERI A BT — 7 HFEIZ X 0 IR

UHEE ) 2V CIERIE S E 2 EEMBK O AT A4 Th 2 (1], T, NTHAEOHEREE, KB Z1T
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RIS EICHIZERRT SN C& 7=, #EEANCIZE F7 Y (NeHy) . b LT =7 0MEH &5,

KENT—2 Vv NATGAZOBPEEITTAE, 7 AV, KAV, BARRETERIATOI, 72V 3T
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HE/ 500 b, #ES) 210mN) MR508-510 73 Lochheed MartinttdTelstarfas 72 S EgLZEHIE & L CRIH
SN, BRTHT —X HikEERE (DRTS) Z72F" LEif v ¥ —x v M2 (WINDS) ([Z[FFRDAT A
A STV D,
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FERE I, 21 TRT KO ITRAETIN 350 (et 3A, JEELE 115V) 725 1100W (11A, 100V) |
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U 7 ZREDRZIIRE < IR D HEEMEREDME T LT <), b S 7—27 V= v b AT 22 OIMANECHEENERE
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RENEIZANTE LS RO THRY (T—7 & FHRICH LR 72Dl %, —77, mEEE— FLEE
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Crossed Applied Magnetic Field 2D-MPD Arcjet
By
Daisuke NAKATA*, Akira INWAKAWA* and  Hitoshi KUNINAKA **

Abstract : This paper describes the basic concepts of the Crossed Applied Magnetic Field
2D-MPD thruster. Especially, the way to construct optimized magnetic coil and the idea to
avoid the operation limit due to the lack of charge career will be described. The thruster was
newly designed and quasi-steady operation was successfully achieved using single PFN.
Maximum 1.6T magnetic field was applied to the discharge chamber and the plasma
impedance up to 1 ohm was recognized. This device will realize light-weight, high power EP
system which enables not only economical but also short time space transportation.

Key words : MPD Arcjet, Electric Propulsion, Arc Discharge, Magnetic Coil Design

1. F

11. KEHESHHEZHTS MPD RS R 2 DAEDIT

MPD (Magnetoplasmadynamic) 7—7 ¥ = v MIKENEXTHHEI W TARMOBEMTH DL EE 2 BT
BYI[1, B 5em FEDKFEEMNIC ne=1020~102Im3 & & ) WEEO T T X< Z4[2l L, ¥t NIS|oH: %
1000-6000 FPOHME L o P TRAET D Z ERATRETH 5. BlD, b TREWHE/EE (>10000N/m2), kb
ThSWEEER (<lkgkWe) Zt5 L, d&0ER FikgkWe) & OfASDOEIZ L VENER, BEMIZHBW
CRU TNV T ATRE & 5. BUR Tl L EAY 20kg/kWe FEE CTH ) AT AL ARIKDZ N L
D HIENCEWD, ATAZZEOSOOEEIIMEIZITR G0, L Laensd, JAXA THISOEAL T
2 R4, KETEMEAIEE - TS L RNy EI5 6] 3 v % 2-8kg/kWe VLR
RO TIRELRFHHBRCTHY, ATAXHEBELON UIREE ALY 7 O—DZRb EEZLND. FE
VIPER (25kW kA A P) [7]° NASA-45TM  (50kW fkas—/ LA T A %) [8] &\ o T KEDITAFEDK
BIEKHEET 0 e 7 N CIIA T A EEIILT ORI S, EEREE RS TnD 2 ERannb.

F1 FEKEIESHES AT LD BEE

HEET) (B Heteghe lkER  (Thruster Head+PPU)
AF =29 30kW 78% 6kg/kWe (PPU 4kg/kWe &10)
TV AT 2 #[10] 50kW 60% 2kg/kWe (PPU 1kg/kWe &12)
MPD X5 R % ¥+ kW~MW >40% <1kg/kWe (PPU K OVEEWRNIF & A L)

KENZBIT HRETESHEHEZRNTH —7 y b ESITWDE L-IL, HEEE, EEEZ R 1R LT,
WO X A 7 OHEEK D S D25 EENRE B L CESRBRMED S C0D. L Lans, ShEcdH
HED A T = X NTEE T HARERRRRE B9 bOBRBH Y, A A ¥ CrizeEmfliRANC K A HE 5
EBRDNS AT AZ YA XDPMSRINIKE L 725 2 L, FI@mEEHAIC L D 2 R—3 0 MERIRE RO
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BET DALV TRV AT 2L TIEMJEMRT v R UCB D FREEOINIE Z M L e < TUIRBR0DG, D
X v MEEHE VAT D Z ENHET, BREETOIREULEZIT S L HPIIC R E ARZEfA RS, 2 b O
WXL, RENA A= P TIREET T A~ O—@OREEAP RO BN TEBY, AR—/VAT AL TR
n—7 Y — R R—/L =R IR 5, ZHEOMET ¥ RAERT-E 5 2 & T 25%DEERE HiET 7 &0 L
KHAZESNTHDHOD[11], <iEY) PPUPower Processing Unit) & T 2kg/kWe FEEEASER A[RE/2 XV
TODTA L EEZLND.

—J5TC, MPD A7 A% (RODC 7—7 V= §) 1T « [0 DRk DAVERIC iR G Th 5
D, BELWZ EEBXT LD INSWEELZ N T D 2 ENFEETHY, ZORICBWTE IICKEE
SHEEISE LT-EHTH D L mx b, 2 vy a VT BWCESHEEDRE ) 23l 25513, HalEdkn (Z
FUIA T AZ~DENETID D 6, An% EEA RN =1 L X — T S E R TETh D) Tzl
HitEhR % EP o AT AHE (o mp +a pw) CEISTEIR D, AlD, EP VA7 2810 Y CEEDOHF T kW %
HEL, O HM% & HEEARER) = XL —ZEH LT, DEAEIEHIEIE & 725, ZHuTl<nb
Stuhlinger OFFMEEE[12] & L TRIHA TV .

vy = [— ®
Ap + Apy,
HeERh=en & 25T H 2 & L VAT A E B (e +apon) S D Z LI CTH D00, B EE
2-3kg/kWe 23581572 5H1E, MPD A7 A X Tl 40%FEEOHEENE, 1kg/kW OLERE CREOIERT 5K
RIBERHEED BEHE L JF 25 Z ERNFRETH Y, S Do HEEDR « WEEOUWEIZL > T4y « F—L
WZIFRR LSRN v a v T T VAR T A 2 L b TE 5.

MPD D55, EHEOZIEPPU SHEEMICRE 5. (Ziud, HEOHEERSE M & DEEROEA~ Y
NGB Ko TR SN D 2 & TR L C5. ) /FBIEEDS 100V 222 CTéh D MPD 2 7 2 Z 1 3KEGERL)
HDOXA LT NERENL FRETH Y, 500V~ KV 2T 5 KES 1A A » A3—/UTx LT PPU |34 &
72D, HEEDRIMENTOHEWANE - S PEBEEIIZ WS, E=REE b CE< 725 (2000~3000 )
ZEnD, ZHULMA B2 2 T AT o ) TT L EOM B - TEERO BUVBEWGKETA FTREE B 2 Hivd.

ZDE T, MPD AT AXFHRMIKENIAT AL L LT CTHLMLESTICH Y, F7-FAEIL 1996
£ Space Flyer Unit 72 £ 3 il FRBRZRER L Tl v 18], AU — R 5335125 5.

1.2. MPD RS RADH4E

MPD RTRAHZIRATHE, 1) BOHEMSGDINTBESEEIE)  2) [AHiPR) A &5 5%
WEZ biLDH. Zofl, MEEFIEEERIEENE 52 0L E 2 DD, EEFRIIEMSAINITERFEIC
DERMEZEIIENTE Y, MRS ISV TERRRIE 2 RIS T 720D b DT 57 bARBERIR 0 FH Tl
RNEEZ D WETEER COFER O ERIIRF SN, av T o FEENET 2 & bHEEF X
TEFFENZX LTA Y v MM S S5 (14]).

H Oty - [ 32 < OBt STl Y, 2< ORIz Y75 2 a3tk s [8l[1s](16]. A O
LG ORET )] XB Dr— L Y TR WT A OBt B o< J Z2WANT % &, HEEN I D_ZRIZHE| L
THIRT D LD, HEEDRIZE L C b BiMe  IRESBNE & EOMBEZRD, AR7MReE T 5121% kA
ROBERPINETH D, WEEEITEME Xy v 7% EORERL ML > TREERDN, EERIE#O-
DITILEMRE FEE (~20V RE) OHDLEGEZ R IST/NS < TRETHY, 100V BREITBRLNE ZAT
b5, PRETEZD LVSRITETE KW~MW 27 F ZTRITIUTE & BRI Hau.

H Oastiids « AU TIBFHERE AW T 2 MPD 7—2 Y= » b & L TRBEENTE D
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OTHH2][16]. MEHESZBBEIZEND Z ENLHRABNIE LU TATAZ YA X F 2 st b
235, RIEY FFETBRA~78 Y BE kW BL EOFED iR L 72 5.

SNSRI ) LS B AR 2 \CHIERTEE T D720, Bl L IR WERERE A) - 25 kW O AES
THROESEZ 525 2 L1280 TN 0 O ZHERF L, BEROFESAIRECH D LB 25N TWh, —JF
T, SMEBaA VOEHEIE MPD ORKRODOT RN T—U T 5 LR A HSe T NI 720, FERELEND
VEHEEEHER L OB\ W CIEEASRFITIM TN D & TH 5.

SNEREINRG « [Ty 3 S I 18][19], Ko 18][20] CrkAchige Sz, $£7, IEH Tl
A ERFRUNTTHITED GO HILTW 5. FEFRTIXE HIZ ) XB Ou—L Y iR m < &
D IRRESFEINN AN ATRE C, AR— VNI « A T — )UK & 5o T IRAER72HES 737 5-0D A T3 = X BspNrEd 5 [18][22].
REGFININD 34— AZDNTUTIKRIRKRF T 2 A VIR E 2L SR DRI S-S, RIZEoi7e i35 S
QAN

Fe DAINIEINSS « AL CH DAY, ZHUTEBIGED 1 RotTT /v (K1) 252 BT mo Ik TH
D, 1960 F-RIZiE MHD FEOMOEFE & L COFHIEIEE D, “Crossed-Field Accelerator” DiffFCIA< 5
B ThivCnz[23][24]. BT ASA A TIIMEEIE/IDE LS, BERBORENMEE o728 5 Th
L. LinU7eidt, 1970 AR £ CREIE L FBRIOIZEI 34 T Ty . MPD #FFEICRT 2 KE D0
AT L, AN R L BN TR A TR Ta o 7oy, (MDRERIZKIEA S > 7=
E TR E LTeZ EB DD, HEERIORGIOM UiADEE X DNENDH D, LEoTREDZ L TEALL
R BN S =Wz L THhoTz

te LA, SN « SEALIRERN S L CTRO L 572 A Y » FEF LTS, £ XBoOr—L Y1)
BERHER T E L X 9 7 E A rTRECH 5. £7, [ & e~ CHONBBESEIINGD B ) & < BRE
AN ARLE DT DEDTROEG ThHD. 2D X5 728l COWNFZEIE 1960 AU & FEf12 7272 B 720,

ARFFECIE_EREOD & 9 7eid s DANMEIGS - FA MPD (ZHES 24 C, IRIROKEEAHEEYS 2T A
ELTESEIDOLWAR Y 7 2H LIZEBNEA T A2 OB Hi

2. EXRSERREESEINN 2 Z5TM P D OTTREME
21 HIhNEERORE(LE
211, E—RTENIC & SREREEK
H BRI Z e~ CHH S8R NI % - 2 7235 5 OIS AT HE—Uothorfifl . Jahn OFE[25]1C
HELSITWAIED,

B ZEM ©)
u 2y-1

THZOND. EFUISEIM LA E LA TH D0, BRI S FHCD - T u 2o TS
B ZHFH L SHEDHRE THD &) Z LICHEBITINES 5. (—RITAITIE, AV AsHBICm ) - CERR
WIS 5 &L O 2 A Ch, Boifif & 1T E A EREROZTINZ LV oTND. ) BRI, R - R
— VR BE UTe 2 RGBT B Bl 7B AR OTE W HIZOWTHIBRGEANE Z A Th 57235, EH[26]
DOERERAR T — N & B ROBGEETHERT 2 _—A L LTI Z £S5 9 Lbns.

ST, 7y CUTFIUTHET D) BRI -12 8 LT, FNEIECHEMT 2 HETH L, R
MRI O3B0 T 1980 4RI Target Field Method & = 9 & DML LTV 5[28]. (FedSEH I ko
EMHO N Z 07 —<IZFELW29[30].)  ZAUER LV WESTIR & BRI M E DRI A e 7 — U =5
RO LHEE U TR 2 LI L VBB ONBRESIEIN A 2SI BT 2T A Ch 5. Ham, e L CTRONDE
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TREITHETH D, FEERHE LN — 2 b2V, £ ZITTARITRR T REFETH L. FERIZ D LI
LT SNz A VOl % [ 212577

—)

Magnet

B1  SNTREEEINEER MPD OAEEX

X2 4AitaA NOEER GREKF) [30]

22. EEF{EShROEE
2.2.1. Alfven SEEDEE

MPD AT R ZHEWTILd HFRELL RICHEEREIECT &, WMLUWEERE) (ZOR, LV EEEE
£S5 2 ENZY) NI Y, LEUTSEIENGH TAAEEE 725 Z 0B CND. TN Z 5 82 R A
LIRS, EEFRYEES OFRIZHOWTIZ 2 o0iindh v, —ol Alfven BEFUEEEIC L AEEIRR, & 9 —l3E
RO R ZI L HVERRCTH 5.

Alfven BESEE[31I18]1E, Tox I3 EHEY) % 7T A~ i ERIC L > TR S ni=[3218i5: Tth v,
B RO A THER S 7T A= BRI - & MR- & O EHER)— 1L X —3F D 7 AFHO B
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Plasma Sail
By
Ikkoh FUNAKT*, Hiroshi YAMAKAWA ** and Plasma Sail Working Group

Abstract : Magnetic sail (MagSail) is a next-generation deep space propulsion system. To
propel a spacecraft in the direction leaving the Sun, MagSail produces a large-scale magnetic
field cavity to block the hypersonic solar wind plasma flow. Since the thrust of MagSail is
proportional to the blocking area, a large-scale interaction between the artificial magnetic
field and the solar wind is required to capture the energy of very low density solar wind flow.
From our theoretical and experimental research on the thrust production mechanism of
MagSail, it is scalable from 1 uN class pure MagSail (150-kg satellite that has 2-m-diameter
superconducting coil for the thrust production) to 1 N class magnetoplasma sail (MPS, 1,000
to 4,000 kg weight spacecraft that inflates the magnetic field produced by a 4-m-diameter
superconducting coil by additional plasma jet from the spacecraft). In order to demonstrate
the world’s first MagSail/MPS in space, we are going to start a working group, in which 1)
specific mission and spacecraft system will be designed; and 2) key components such as new
high-temperature superconducting coil, a cryogenic system, and a navigation system are
going to be developed for the first MagSail/MPS in space.

Key words : Magnetoplasma Sail, Magnetic Sail, Plasma Sail, MagSail, M2P2, Small Satellite
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Abstract : One of the promising candidates for high power / modular electric propulsions in the
future is an electrodeless Magneto-Plasma-Dynamic Thruster. The electrodeless plasma
acceleration as well as the plasma production was examined from the viewpoint of
electromagnetic acceleration which is different from the VASIMR magnetic nozzle expansion.
A proposal of continuous electromagnetic acceleration “Lissajous” was fully understood by
estimating the thrust and specific impulse. A few preliminary experiments for plasma

production and acceleration were also performed as the proof-of-concept level.
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