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Introduction of Some Research Activities for Pellet Acceleration
utilizing Electromagnetic Force in the late 20" century, Japan
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Low cost and easy operational shock wave compression technology is an important factor for material scientists and engineers as a tool of
dynamic high pressure experiment. Conventional two-stage light gas gun has been developed at Tokyo Institute of Technology in 1972-75.
Electromagnetic accelerator consists of small round bore rail gun and two stage light gas gun has been developed from 1981 as a tool for
high pressure research. Plasma gun development has been conducted as a cooperative research with Technical University of Munich between
1984 and 89. These research activities at Tokyo Institute of Technology are introduced as an inside story.
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Fig.1 Operation principle of two stage light gas gun. This device
consists of three principal parts. A; light gas compression tube, B;
high pressure coupling, C; launch tube. a-gun powder, b-plastic
piston, c-light gas, d- diaphragm, e-pellet. High pressure coupling
and launcher are isolated by stainless steel diaphragm. Helium gas
is filled in the pump tube. When gun powder is ignited,
combustion gas causes the plastic piston to accelerate and helium
gas is compressed. The diaphragm is ruptured as the helium
pressure accumulation; the gas is expelled into the launcher tube
and accelerates the pellet. The expansion speed of the light gas
such as helium and hydrogen is very high.
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Fig.2 Schematic layout of conventional two stage light gas gun
constructed at Tokyo Institute of Technology in 1973.
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Fig.3 Two stage light gas guns at Tokyo Institute of Technology.
The large one (light) is the HS-3 with 10m in long, achieved
5.7km/s. The small one (right) is the HS-2 with 5m in long.
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Fig.4 Measurement system for interior pellet motion, using three
dc X-ray beams and pin contactor in the two stage light gas gun.
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Fig.5 Fabrication process of rail gun for combined with two stage
light gas gun. A; Exposed surface of a steel mandrel between two
rails were covered with epoxy resin, and B; after being buried in a
steel tube with epoxy resin, the mandrel was withdrawn and round
bore 10mm in diameter was finished by reaming.
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Fig.7 Cross sectional view of connection port of two stage light
gas gun and rail gun.
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Fig.8 Diagnostics and trigger system. Inductive coils ware used
for triggering ignition switches and flash X-ray apparatus.
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Fig.9 Schematic layout of plasma gun developed at Technical
University of Munich, which consists of a coaxial accelerator and
a compressor coil.
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Fig.10 Schematic layout of plasma gun combined with light gas
pellet. 1; needle, 2; helium gas reservoir, 3;diaphragm, 4; insulator,
5; sabot and projectile, 6; aluminum foil, 7; center electrode, 8;
outer electrode, 9; vacuum chamber, 10; mirror, 11; He-Ne laser,
12; window, 13; holder for ground loop, 14; holder rail, 15; coil
spacer plate, 16; compression coil, 17; Rogowski coil, 18;
photodetector, 19; trigger circuit, 20; ignitor, 21; ignitron, 22;
resistor, 23; capacitor bank, 24; charging unit, 25; controller, 26;
transient recorder, 27; signal from the piezo-ceramic sensor

1988-89 FEDEZMEEMHMBEI(Z &L SERERHARRE
MRIRENT, HSRE—XIZHEHE n DWEEE5 X T,
E—XD AR ZHET RN THOhIZ 19,

E0.35~0.45mDH S RE—XICHEE S ZEWNEE.
I3 1kim/s DEENEFLN. 200 BOE—X%ETOV FL
f=h. B T0m Q42 —4y FZEREL - E—XIXFY 2 @
Thotz, Tkn/s DIREEZ B &, EREILFEY 4. 5km/s [
EREL.A—45 v MIREIELEE—XIF 10 ££0 20 @10
L=,

CD&EINTTSRAIAVIZKEZERERERICE T2
BRIENTARTHBZENALMHE =, COAXER

= 10km U EDBEREERICIERT A ETHoz. LHL.

1990 EFRICALRAENET LERIX. BEEDS LI DOH
RRBICEREBIT LICHY, TS XAIHUIERICBVE
NDEEHBZELBCEBEEATLEEDFRICESHI &
THofe SaVAVIHKZLEOHEARMEIZONTOESS
% 1990 ERTOEMARRIZIT o129,

5. EHYIC

1990 FLARE, RERIFKZETIE, EEE—SIZL-T, 2
BXBEHRFD S 5B LHHENTHhI., BROKRBEE I A
DiEREAER S L=,

LlE. #ABEE L 1971 £ 58 20 EOR Ly MEE
EMEZEOMECDVNTHRAS=, Ehhd 20 FEBLT
RE. HROREAREZRY HZ > THAFA, EEEN®
RENHOT, ME BN HHZEEZDLEL TS,

BROEDRTTEBREAL =V KEPIZEZFDOR— LR
—DICETEMRZR/EB L. AOARDFICE T HERLICRENDE
BMEGBHIEEREOTLS,

SE X

1) Shock Compression Technology and Material Science. edited
by A.B.Sawaoka, KTK Scientific Publishers / Terra Scientific
Publishing Company, Tokyo, Japan , 1992

2) R, FE B, EEER. £ U4 RSEFRSER
EE. P49,1972

3) NOHER, MBMZ. EHRE. RRAZFEMENAE
ArERes 7 (2), 1971

4) G.Kamimoto, A.Tsukamoto, K.Otsuji, Dept. Aero. Eng. Kyoto,
Current Papers 34, 1972

5) A.H.Jones et al., J.A.P, 37, 3493, 1966

6) MR, R B, BEEEN, EABT 11, 241, 1973

7) A.Sawaoka, K.Kondo, Report of Research Laboratory of
Engineering Materials, Tokyo Institute of Technology, 9, 131,
1984

8) T.Mashimo, A.Sawaoka, Jpn. J. Appl. Phys. 20, 963, 1981

9) S.C.Rashleigh, R.A.Marshall, J.Appl. Phys., 49, 2450, 1978

10) R.S.Hawke et al., IEEE Trasactions on Magnetics, 18, 82,
1982

11) S.Usuba, K.Kondo, A.Sawaoka, IEEE Transactions on
Magnetics, 20, 260, 1984

12) S.Usuba, K.Kondo, A.Sawaoka, IEEE Transactions on
Magnetics, 22, 1790, 1986

13) E.B.lgenbergs, D.W.Jex, E.L.Shriver, AIAA Journal13, 1024,
1975

14) SHEZ, BFAEH, ERE B, Elgenbergs. FE M.
25, 120, 1987

15) H.Tamura, A.Sawaoka, E.lgenbergs, Jpn. J. Appl. Phys., 27,
L1986, 1988

16) #=f MR, AR, 43,917, 1990

%

B

RANBRIzES(2, BEEEERDPHFORAERMFKEE 1990 £FIC
BEEFLF, 20%. HEMI O FOESICEDERE -
Tz 1995 FEICRRIERFIEMHATRRICFEL
f-%1E. AR LEERTHERAT— 3 ViEAORBREICE
Sl TOROEWMBEEBDESICOVWTIEIFEA
EHMSAEL, 5[, 1999 F(ZlF, KRTEXE REKE
KXE) Z2RICMEL. ZFTREBELEFEE->TWD
=, MY LIFARREZED FE VI REEB L-HFEICH
HEHEHIFLEEL=L,



