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Novel Acceleration Mechanisms and Plasma Propulsion Applications through
Interactions of Ultra-short-pulse Discharges and Matters

Horisawa, Hideyuki
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Utilization of the interaction of very-short-pulse discharges and matters
for plasma generation and acceleration is considered a significantly novel acceleration regime. With
this regime, a wide range of operational modes of electrostatic/electromagnetic acceleration
(high-1Isp/high-thrust) can be expected. In this study, to demonstrate these characteristics,
single-pulse discharge systems were developed and thrust performance with these systems were
examined. With our conventional systems, it was impossible to actively control the passive discharge
pulse generation after laser ablation plasma generation. To achieve the active control, a novel
pulse generator was developed and tested. Moreover, thrust performance was examined for repetitive
Euiae)operation modes, and the maximum measured specific impulse was 8,200 s (at repetition rate of

z).



B X C—19. F—19—1, Z—19.

1. ERBYFIOLE &

RBHL SV AR & e DM EAERE, #
Ze D T ¢ — L RITHE T HIEEVSE (N
PREERE D sk Es, BEX AL, TRIIKOBER
JEFIR, PEARFENE R E) 2B W TEET
IR R B2 METEWRT v v L%
MOTEY, EEISHE VDB HMERD T
BEHENPRKE.

TEAHEREIC BV TIE, Ko E R
SNT=FE T2 DR (FEEVIE, TR,
B IER) DR 2 THREASELE S
NAHICEY, I Zhb oo KE b
BIOWNEMEREREIND L5172 T
7=, — 5T, B LU IR 2 A9 5 5K
IRIERNS TR IEICED STV AE R, K
AR DOR SV A TEOFNIEET, [ 4 ©
IEEERED Wz D, BIEREEDLIE, Zh
FCENLVAIC LY &R TE AN
SEONAZ LEHER L. S HIZEWEEBN
IVALE (a4 —4%) & MHz #k o @&k
Uik, H2R5MEREm BN RGAEID A,
FARI IR C, HEER A~ ORI N ST
HD. o TRBEIL, IEEEO R 53
BIRHFN b LT & VW) 2 HLVER
EHRERE T2 L2 b.

efiE 51X, ZhE COREMZEICE
WT, b=V —EANVRAT T X< HiE#E O
PERERTAM 2 Ehi L, ~A 7 afb L A{E#T
FELEEEERN A EER L T-. F -, EoLV AR
B (100 ns F2) ([ZHUY fLA, 32 4biZ
X5 — 7 EMIER CHIZE W ERHES R
AR THDL Z L HEIE L=, [RIRFICHE
LENRNABE— 7 BIRIEBNAER TH D
ZEEREETHIEDI, TRV AED
TEBNEBR AT > CTE 7.

2. MMEDEH

B SV ARNE EWEOMEERIZEY
7T R AR L O B ik, Bl
PEE A ETnE T LUWinditE ©, B2
R, ERONE, FFREMEICKS [H 4 o
W] L2 B, ZOEOMBE L AH
1%, Bl OWAARA R g2 e dE & DA &
R RO LWL E - T, A
(L LooH D, FTBSEMBE OIS LT
WH R TEANEZ EET 5 2 L3R

ICEHEET, ZIUWHAAMIREOE—OHMTHS.

Z OHFETIE, HEROEBEXHEME TIIARATHER
EREEINEERNINE (EHHES) S EHE ) @
W& JAVMEEE— R &2 FBAIRET, /32 ME
OfD T W HEER LR ETH D,
OEBE, EBRBRICLY T A EIETAH D
EThHD.

INFETORENS, BV AIZEIDE
e HVERE BN AIRECTH D M AR LT-. A
SAECIL 2V UL 2 DORBE L A RUE
FEVIRL (~1MHz) TEHT LI AT
LIHESED. BV ELEENICELY, #
HANTIFITERGEOICIE SN D, BE VA
WD 7T X< mEix, BRI - FHEM

CK—19 (Jtm)

W BROEOMNE B R D [H 4 OhE
Mgl bW 2 5. BV L ZEENCIWL T
%, BAORZHTE IR - - EE = R —
DENCE- 2 b, TOHBITEL HMELIC
X A WRRESEEIC L0 A AU NI E R D
LtEZOND. £, BEOAAL 2TV
DX H I EMHBRIC X DA A BIED
IR 2 52 1) 720,

AFFE DM IR i, 1) 5 4 oIk
gD 12 X 28 LW ERHEE R OB - A,
2) BN MMEOD TEWT T XA<F - #
HROEH, 25N, 3) BRI KR
B (BEASVAREEWE L oM EERIZ,
WLZEFHE D7 4 — v RIZB T DSy B
W) Il ThD.

AMFZETIL, LT OMEIZOWTHEY BT
BH.

1) U TNV AREIC LB ISR &
OWERERTEAM : HEMEAR B2 BL S ¥ 7255

(BEEE— NEEEE—F) OFx DT Z
R N EE M ORI L OHEMEMEBE O FEA.
2) FREVIELE 2L —Y—fiE s 7 X~
TROBA%E.

3) NN ANT —EBROEREYIKL « mE—
7 XU —Ak.
4) 3HGE L A R FEAVEBN I O HEE M RERTA.

3. WFEEDFHE
ARFFEFHEIC R D FEEFRIE, YT
IOV R SR EICE T D REREAR, 2) Al Et R
2 X B IEB SO Railb, 3) 7SV ARY —F
o mmtEReb T, BEAFHIN © R HxE A il EE
RS A EMA LB HEET D 2 & T, B
EREOEENEZIRS. RNTIhbDEHE
ARREL LA T 5 2 & T, 4) 8k L 2k
EBIEENERZ 2T 5. 25 O EIX
E BT L C R DR CFE i
5T LT, Kx OB R LG I e Fm %
1TEX-ST.

3. 1 YUINrNRBEER

(1) HEMEPEREFTAM D 72 6D D 3 AT LS
BEfF DR - MEREFEMEE 2RI H LTy v
TV ZFERHZ B W T, 1) BR -
A XD ERL[RER), 2) HEdEA o
A (EMRRUR),  3) HERE A B D 2,
4) SN DR, B) 7NV AR - TR F—
DE, 6) L—P—Z X NVX—DE, Il
DZENZINHEENEREIC B 2 DRIz O W
CTE BRI IR R T U el 2 fE B S ik o i
H G A T

(2) H#edEMERERTM IS L OV PERE LI AT 7
et

MEEL L 7R - MEReRiEE 2 FAH LTy
VTNV AFREERRZB VT, D) HEER O
2 ([ER KR, 3) HEEANT ROFEE, 4)
S D, B) 7NV AR+ TRV F—D
W 6) L —HP— XL —DRE, LD
TNENDHEREMEREIZ S 2 D BRI DN T
E B AT FLEGREA U e 72 YEBh S 4 O fh i



WZHY fH AT

3. 2 EFHEICXIEERGOREL
(1) HEETLOMBE - RITHE

NA T Yy RPIC 22— R&AWT, 1)H#Eik
o2 (B KK), 3)HERTEROE
B 4) IS DR, 5) 2LV ANE « R L
XF—DOE, 6) L —H - XL ¥ —DFE
72 EDEBNINT A — X BB S H TG AIC
BT 5 BRI 72 W PREO R O fh i & 3K 72

3. 3 AR —FBFEOEMEEL
(1) @KLY appL—y—ph 7 X
< VRDOB%S - /EEER - MEREFEMm
REEICEBWTIE, DGO ILANE, 2)
IV AZ VT —, )M LR, 4) 7 7
A NEEIEER DT A 2, B) 7 7 A NHEERROE
&, REDEBIIONWTHEHBHMNZIT, ¥
e bt i - @B - N E R AT
(2) EVRL « mE—27 80 —EBIR OB
7 - HEEE - (FEDRUR
7m0 IR LA L A A AE A L,
HEERS~ > R&FEA L7-IRBE T/ UL AIE 1 ns,
7OLZATZILE 10m] (B — 27 23T —0. 01 GW,
0.1 MHz) %#ZHEB L7,
(3) mMVIRL - HE—27 U —ER% H
WA EED R A
SR~y RERES LIIRETCEET v
V3 (0.001 Pa) T/LANE 1 ns, 7S A
TXLF 10 mJ (B—2/%7—0.01 GW, 0.1
MHz) OCEEERBR 21TV, MEBERES X
WHEEBEDOFHNEZITo7-. 51T, KHlE
B e 2 2 0 S AEEhRRME 2 BRI L 72

3. 4 ERSNVAKEEBER
FEOFRICE AR LOBRE LB - M
MERE S E 2R L CEM v I LV R ik
BBV, DEIL 1 X8 (5
AL TR, 2) HEMERIGE o2, 3) 4t
G O, 4) 7OV AR - TRLF—DF
B R EOFENENNHEEMERRIZG 2 DR
[0V CE BRI LB R U Al 7o fEBh 55
PO IZER Y FLATZ.

4. WERRE
AETIL, AIE T2 B ERICEUE &
L CEERE— UL L ONEE UL 2 E

TEBIRFIC IS 1T D MERERFAIC DWW THRY BT 5.

ZOMODOEEIITER Y A M7 5.

High Voltage probe

Space chanber

Anode
Cathode

rigger
m
Rogowski coil

Oscilloscope

Fig.1 Schematic of experimental apparatus.
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Fig.2 Schematic of thruster head.
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Table 1 Specification of thrust head.

Electrode length: | 15 mm
Electrode width: w 10 mm
Electrode height: h 15 mm
Discharge space 5mm
Electrode Cu
Propellant Argon
Electrical insulator Al204
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Fig.3 Thrust change with repetition frequency.
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