)ies

EMLe 33t 71&43 o
Linear Induction Laucher 719 W

E M

(A7 1(F) medTA AdET9)

1.4 &

EMLo]& Electro Magnetic Launcher, & #
2+ A7) o] gof fHoln, Hatr] oyx|E 7}
&4 (projectile)oll &3l o]& 7|AIH &%
qUAZ HEAAF7)9 8 &% Linear Motor
ES 93+ golh

SAE A= HHoEZNE T2 BE o
H7tA Hel g AHEsl fkedl steks Wil ol%
FHE shepEtu o] ukztgo|i} 9te-g o] &3l
PRE 2RFL 7T ol AHgEte gt 19417]
2l 189074 A7lURIE AF7F AL ALeE
T A E ol F, shek oA g Al AHAY &
T3 ETEH o]&d B¥oz EAW
toll A71NUAE o] &stergo]l AE 7] A%
ok 4 oy A A ke Zi
ZIeREg ANANYRE o] &3le=AHe] AFEH o)
o, SFAAZAA LA S TARHAY Bay
WZzoA EEE @Alsled] EMLol2le linear
motor FA| & o] &5, AT TFAFE HE
2 A59 AAE Aad "9t gla A7|EA
HH A&A BHEASES Qe § s
EHH dAolth. o]y g o|f2 A vl Iy
A #8 project9]o] NASASI #HH projectE%
8= 1 et

2Fdxe EMLY HAL 79 ool s
Aiaty, g7} meld Ay gl Fod

>
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linear induction type coil gund] 3] 7teta) <
T2 s

2. %

2

EMLe] 22 x24ole] &g dhx} Kristian
Birkeland7} 1901'd 9€ 19] A &3 2 Electro-
magnetic Cannon(HA%2)& 523 Mot}

a2A e EMLAT7E giQchd Axe 13 o]
U AH B s A7 AHFoz At dHES
Aolt}, Birkeland o RWA EA7]= 0.5kge] &
A5 2% 80mE 7IEA7)=d Y. olF
3< 1902y, 1= FHA EMLE 500 kg 9] £
& 79 me] £ WA} A)F)7] st HA
o HAFFAAI dHHeg dEyA) B
atAtH4]. Birkeland o] ¥ A2z} AlAIt) Ao} Yo
U7l A7zl ok 4579 EML 537} uUghth A2
A AARAFL Folo o] 88 BFHow 22 K
A, v, dE SR & AFHUL. o
2 19408 =YL& 70mZol29] electro-magnetic
guns AEadch. AF, v 5ol WestinghouseA}
€ 470mZole] 7] °o]FZ (Electropult)&
194639l 3t AcHS5].

ey A2ak AlAIg e Bds Fr12 9 )
WE717F Bol ARA 1L, AR FH o @3 7],
AEFA, Switching®A 59 713 Al B
93 Avt AASA. 18y 80dd] §o M2



& Wiz v A Fo] §o] FA3HAL com-
puter 59 Alol7|xo] wedl) wel Ao 7hs
& Y= & projectiled AHE3td 2usS HH
A A 8oduhell AlFE ulZef star wars
project9} Tzt 343 Ayrp E4HAT FH
o= Ae #inir} IEEE magnetics society S
#4028 EML conference 7} ujZd|A g
Ao EML d¢w=g wR3l1 Ae I7h= v
%, A%, TR 5Y, &, oj2gd, ofHe,
ydds, 299 Folrh, 8 o] conferenced]
Fols &1 oy, F A HEAE] o] Fo
2 EMLo] g &2 A= gidsici[7].
oiz] o]& 7jE% ok A, 22 o= mega
volts, mega amperes, tera watts@9 o= E
£ gtk Rail Gung 973t e 9=
Texas Univ, at Austin®} 7% 2.73 Mega Am-
pere, 3.9 Mega Joule?] olUAE ARR&}aL[6]
Linear Induction type Coil Gung €731 &
n]2 New York polytechnic Univ.o] 790l
Linear Induction Motor9] stator coilol 1
17k Ve 2AYE QI7bsted £3F A Qi
A 1P e EMLATY B8 E A7)
3S o] 83t EAE 255 GO THEA|
719 Ach F2SEo|d FHHI sdoldt, vl
zutgo] AME D 9= EML programal A& (1)
X So o] 88 202 100kgFY SAE lkm
/sec o9 &£x, (2) nAtdely &37|E 84
37198 R0 (.lkgdel EAE HW Skm/
sec Ax £x (3) $FHAZNMY LA &
= U570 gxete] 848 AT kg A EA
& gkm/sec o449 % Fo=8 7R3k Uk

3. EMLe EH'E SEHE

EMLe] £F& a4 7834 (1) electro-mag-
netic rail gun (2) electro-magnetic coil gun (3)
electro-static gun(1] (4) electro-thermal gun
oz Bidrt d#oegs ol d A B}
A g FEHAA ARshe 49E Ut 4714
2 hdd 22e] EML & thA] ey S2hiy
of uje} ME S o7,

[|ESREE 434 5W 19945 5A

EMLO|| 2t 7|18 E U Linear Induction Laucher 7|52 W

3.1 Electromagnetic Rail Gun

Rail gune AFALD A2€ 49 rail ¢l
7Fs A projectiled QA1 raild] M{FE Eeld
projectile®] brushE 23l projectiled] AF7}
324 9t} o] AFE railofefo] HAE coil2
B g ZEd 2 Aoz HustA H
& BAEA o o]2g rail gund] 7)EF
£ I8 19 e blet 22n pulsed power
A7) 98k capacitorg AFEshe WS F2
AFg-ghe}, Rail olefo MX|E coiloll osiA] A
¥ A% o A&YUes Bk sk raild QvtE
HRYUEE Jga 8hd F=J xBetal st §lo] ¥
Aala, o] goll o4& projectiled FAE A Hit

ol Wl TFe AAUAL AH$- oA
g f-&(energy transfer ratio)o] o}, 1& 4
Fol gt 23y &t o #HA o] AAH
Lorentz effectoll &8 2 zhgo] Az FHZHo
4] plasmazt AX oA MG B &o] HH3| 7
2%t} mEkA ol Fx MolM A $E & 7HA
A dok a2y 19899 HE HHE plasma-ar-
mature rail gune 71&9 rail gun¥ el 9} plasma
o] ¢ g o] &g B e 2, A ook
9] A7t & s S oA s} g Ech

A, ol2|g rail gunel A= vl= Texas
Univ. at Austin, Picatinny Arsenal(NJ), Law-
rence Livermore National Laboratory(CA), In-
stitute of Space and Astronantical Science
(Japan), Westinghouse S.T.Center ¥4 =2
o]F o}z Qlo},

w2 o

3.2 Electromagnetic Coil Gun
Coil guno|@& tubular coil9] arrayE drive coil

Ar gag

switch
Electric current |
Aail
Capocitar — —
:..": 28 0 O ) torenez force
200%J) { A E A -
\ Projectse
Magnatic fleid B Armature

Pulse transtormer
&:1

a8 1. Rail gun®] 7%
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213 2. coil gun?] drive coil# projectile

(stator)2 3t 2 array 7Hedldl 2%, alu-
minium® 2% projectiled F1 drive coildl]l A
F2 &8 AAE TVEI projectile AF4 43
Ztgo o3 FAFHo] A7}, webA coil gunol
& tubular type linear motor®} 3 $-&Hef2 o
A= £ Ak o= FFgAel wet (1) single-
stage coil gun (2) multi-stage coil gun (3)
generator-driven coil gun (4) capacitor-driven
coil gun 5 o2 F¥ ¥t} Projectiled] AF+=
v} " Z w4 o]B 2 inductionol] &3 AR E o]&
ated 712 Pe¥ee 19 29 2o

Rail gun¢| projectilee] 4 F70¢ H3st
rail# BE3te] energy® +H W HIEA coil
gund YE3 coll £& AVHEA 4% 32U A
Wgko 2 R 243hs P8 wol Y. 9
Fdoll 9] projectile?] PFol 83 P2,
#Haol AL radial component®} axial com-
ponentE EAE =, o]FoAM axial component
o] %o 9|8 projectile FF3&A Hdl =
projectile®] %3 o] barrele] FHEZ3 Y3}
H, radial component?] 3-& FAHd s HE
< o]1 o= projectile barrelE HE 9]
71AA vpEo] glo] FFE < Utk webA o] &4
FdALEE = Qo

olgjgt whalg Ayt UeFCEE New
York Polytechnic University, Sandia National
Laboratory (NM), Texas Unversity at Austin,
Laboratoire d’Electrotechnique de Grenoble
(France) 5°| 3ith.
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3.3 Etectro-static Gun

o] w42 19709 25§ vl=e] LLNL(Law-
rence Livermore National Laboratory)ollA] |3
e Aoe2M 1 2= I 339 g

A7) o8 Euste oFe S5 (drive) 9
o gk A7 £5EA (projectile) & F1 o,
a5 7E Toadu G s WY FAA 9
3 projectiled] £FEF 2 #HHYU w2 ¢S
Wol 231 5A Al

ZA] T4 (exploding conductor)® JAF B
$of 2ol 7| fuses} o] ojH H7)F g8
A 1 Edol A3 Fure A4S /AL ¢
gt} YA = & olA condenserg A3t &
H AT aded debd FxAlE Zo] 0.46m
olo| FA7} 0.25mme]t}, Foilel AL 2 alu-
minium®} 2t} FAo AFE TY o] alu-
minium foilo] Fwal=d foile] A7l 30.5cm?
o] HHo) FEA 0.051mme]c},

LLNL A A& vlol] m2H[9] 56-uF9] ca-
pacitore] 40-kVe] g 7hsln 3=z QIgd
27} 40014 50nHQ 2%, AZ 25.4mm, F4 0.
25mm?2) projectile(Mylar-Kapton dielectric ma-
terial) & 6km /sec?] £xo =gt} o] A7
oM ol s W st 40-kVe] Aol
olgte] 14km/sec®} &=7F 7b5dtn 100-kVel
Aol A 20 WA 30km /sece] £E7} 7hs3ck
B & Qi)

HZ9) BIoAME(1] IMJY dUYRAZA Zw
HHo] g30cm?olR HIL FHEE 18km/secE

ol$3 Qo

3.4 Electro-thermal Gun
Thermal gung plasmaS HAAF]< gas§ ¥

a7 3. electro-static gun®} 732



3% 4. H: gasE A3 electro-thermal guné]
TE

& barrel €9 projectileg 411, barrel$2] 4=
& Sl gas® FLAIF|H 78 plasmart Y3}
v ojufo] gt s FFFHEES Fxolt} o
213 Yzl EMLE Picatinny Arsenal(NJ),
Sandia National Laboratory(NM), Science
Applications International Corporation(CA),
GT-Devices, Inc.(VA) SolA d35 1 o}

A9 rail gunollA AEE #ielgE plasma-
rail gung projectilee] F2E u LA = pla-
smag Yo o] &3 Ao M rail gun¥ ther-
mal gun®] B P Z 25 Ut

Iy 4= v|F Virginiadl ¢lE GT-Devices,
Inc.ollA A2 AF/N2E AE-E thermal gun
9] chamber ++Z& HoF 1 Ut}

4. COIL GUNS

QolA 49E ofelEHel EML 7hed M, Coil

8 5. Single-stage coil gun

|EBWIE 438 50 19%F SR

EMLO| 8 J|a8 & 4 Linear Induction Laucher 7|{&29| W&t

gundl] #af Fr| 248 M= o}

4.1 Single-stage coil gun

olRE THF I 29 coil gunozH, 3
M9 drive coil#} 3702 projectile coill24 o]&
oA den 1 fxE Iy 59 g

ol Hele FUPEoR oEYIIE &y,
HiHe e 19779 A99 V.N. Bondaletov7} 1.
03grm™e] projectile© & 45kVe] Agte 7lsle]
4.9(km /sec)o] 22 F2A7 7]80] 7],

4.2 Multi-Stage Coil Gun

o]+ single-stage coil gun? 7HEtd o) @
7He) drive coils QA YEAlolZ F49] pro-
jectile coil& &2 oAl RO EM projectileo]
Z+z7to] drive coildl €8l sfdat= drive coil
& A3 2.2 energizing 8= b olt}h. Projec-
tileo] =3 $1X <] A3 drive coil$ energizing
AMAHoF & projectile®) position sensing de-
vice7} "-7Holt}, SensorZ: HE opticolu}
laserg o] AM&-3lt} vl Sandia Laboratory7}
70§t synchronous type coil gung o)e] & 7l
S AHE 34, projectile?] A8 A Eo 1 9
Aol Q& drive coil BTt AFE Foj& Wy o

2 A% projectile & F3 % & g}

4.3 Generator-driven
Gun

o] Texas unive;rsity, Austin campus®] Dri-

gaol <& Aoty RoZ Tubular type Linear

induction Coil

switch
source )
projectile
coll
drive coll

a8 6. Multi-stage coil gun
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131 LAl

l M Scale

Phenolic alignment tube
28/8°0D x 2 1/2°ID  ~—{||

HHEHHAHREEBEEEERER

18 coils
| — (12 energized
for this expt.)

ARSI

t TR iTITiiiiiiiooo.oll..
Ga=
TRY:iiiii
= l i
g CRJ j
e T IO TTO : i
o~ e~ =~ GENERATOR
FS CEI = v (VYU sounces
" 3
.% :

Vi=Vim sin wt (V)
V2 =V2m sin (wt-120) (V)
V3=VIm sin (wt-240) (V)

a3 7. EML-19] Sketch 2 &%

induction motor?] Y& I oLl 1A
H drive coil®] AYozn LA WAy ®
= 48 AYE AH&3 Projectiled s2& 2
e FdFo)9 29 sectiond] U= drive coil
AA 7} FAll energizingsl o] o] EAAE wEL},

a8 72 3 d&Z% N.Y Polytechnic Univ.<]
EML-1 model & Yepdicy,

Mol A 49 5718 launcherd) 3% 234
L2 o)Fdle A9 AXNE &) AR =
o] A&Yol obdn] L& AF e FHAo] Qlof
&3] F21A91717F Wl$ ojHt olo] w8} in-
duction typed M]F7|ME o] F A7} HAJx
o] projectile® F3 &= ZHo] Hue] Ao}
HA 94X oA HF sectiond energizingd u)
WS FAY £5, & degds A 29
U H3 971 ohJalka sl projectiled H)s:gh
92458 7IA T A9

4.4 Capacitor-driven Coil Gun

2349 EMLIAM projectilee] Barrelots =
Yot 288 E AI7He BE 1~2(m sec)ot},
g2t F2A] e oz 9] = pulsestol
o, o|z{3t Pulsed powerZ A71Ys) A
capacitor bankell A& s}zl WA o) 4717
oz WEde Wye wiled, 329 EMLe
W8 o] WS ARE &3 k. ol EAE A
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13 8. EML-3 model¢] AR

$3ke] 3709] capacitor bank & AHE-3te capaci-
tore] C(uF) drive coil9] L(mH)ol 2ja] LCE3
of A7}, Z}/¢9] ignition timeg ZAHTFo2H 3
4 W{F7 HA g}

19 82 induction type capacitor-driven coil
gung! N.Y. Polytechnic Univ.9 EML-3 model
< e

5. LIL(Linear Induction type Electro-
magnetic Launcher)

o] AoME UM tE capacitor-driven coil
gun7H2 8l A, induction type?) LIL9| 7]&3 A}
ol disted £ 2pM3) AFstazt ol



514 =X

¥ 9%+ 3 phase, 2 section, linear induction
launcher¢l EML—3¢] 7]®Zo]t} Projectile
< Zo] 20cm, ¥4 1.65~2.0mm, 27 2inchl
aluminium tube& A3l drive coil®] pole
pitch+ 10cmelt}y. watA, Projectiled 2pole
pitch®] Zojof a3t

Spectification 2] g dl&= ¥ 13 g}

¥ 1. EML—39] Spectification
coll# | voltage | length |frequency| syn.speed max,sp@{

lsection| 6 | 4kV | %cm | 1250 Hz | 50m/s | 20m/s
2section | 12 | 15KV | dem | B0 Hz | 0 m/s '475m/_sJ]

EML-3 model®] system 72418 19 109 e}t
o upe} 2o},

52& %

3408 AZ9 Capacitor 3§ AgoZ 2734
71 z}z+e] capacitordl & W=%CV29] energy
7} A=A foh 28 99 capacitor C1, C2, C3
£ HET 7ol AVI=E &AHOZ linear
motor®] drive coilol] WA F|H capacitore] U
£ capacitance®} drive coilo] Zt+= inductance,
28] 1 drive coil#} connection wires®l| A 2] cir-
cuit resistanceSo] RLC 32& FAsHA Hu
Aeta AFe LCTA 93 a5 21+ 7
&S sHAE o]gA &0l 34 AFHFE
drive coilollA] 7&3 o]FxHAE wAstA o},
Projectile2x 7|A1doz2  7Z3g  aluminium

()G L (s (s G Cad (o) Lol () 3 (13 Eud 3 [ad (19 (ud

L i -8t section
T H

| projectile
— 2nd section

C4 C5 Co

ay 9. 34, 29 LILY 2%

RSN 438 58 199 SB

—EMLO| 28t 71&8E X Linear Induction Laucher 7|&2| W

i

a8 10. EML-3 model 8] system T4

tube & AME3lA drive coil oA @A z}A o
o3 FEAF7E 2258 3t el projectile
< linear motor?} rotord =g 3le] o] F A
o] wrgko g FZE A "ol 294 drive coildl A
FE &+ A7H 18] simulation programoi] A]
ALY gholl Fateo] ARt 2dAl A 3 ol
A7 A= HRE A A5 3 vke} g}

Iy 112 194, 2dAe Br&xs zhzd
325m /sec, 610m/secl 7A-¢-9 £x.238 E40)
d, ol 4vt fx AF71d Ao e FAls)
o}, 22Alol A e Br)E = 1Al vE) 34
7bet7] W&o, 2aAle] s 31 He &3t
© 29Alol M o £x-38 B4 slipo g olF
g,

5714 %+ linear motor9 drive coil pole pit-
chg 1, 29S| Fa5E e} o) v=2:f9] 2o =
e, uelbr o]gFoz vtedt Ho £xs

o] 71%x 7 @}, 18y systemo] A s A

1'* section

F, x10* (N)

- N W » R 3 ~w o ©
v
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7HE vl &2 1 AIEERR 1 WA 2789 pulse
o 2 REtn e Ao B 2§t

Pulse powercl 9js} F3%= ol2igt EML2
projectile®] 27| 437t HF S AEe I
& oAt} 3, projectileo] barrel £S5 A3}
£ B¢ projectiled] 4832 barrel?] +H&51
Axjgds gl A7 EEoy, o)Ay g
g B oaf projectiled barrel?] 4=
HEo2 3EslHes $FE b=, o L
projectile®] F¥Z&Ake] Ao nAE ] AUA ¢
I A& olFsted o &% RYE 23 v
Aol Pel2 HEste] B dAsts e os-
cillationo] ©t}, ojeig 2o ErtE 3 £
2 spinning force2 YER projectile®] spin-
ning¥} nutation®] ¥<le] Hi[10].

rlo

6. Moz} 28

EMLE linear motor®] 3t S&3ejojmz Y
source®) A A3} motor system 7+Z& olud §
Eﬂi ol wel JerA R 83l A&

EML°I%} 2T4E FE x84 2L 9slg o
TR Flojn AAZ Al A - A 4P
o] 2% 500~2000viEld) ol2m U}, wWebA o

23 EML71&2 2ué F3o] 933 &t
o, & 7144, §FRge catapultFol ©]
£5AY &89 + Uk

MENA AFe vie} gol, o]A7tx]e] EML2
F2 FARE7IY S857] flEte F2 AFE
sto}, 1980801 ¥ 3427) mlZol A EMLA77}F &
a2 ) Foll &= Regan "= & o] - HYskd
M g vz g2 Ade] Wy ¥ “Star
Wars” projecte} ¢lth, EMLe] 283 A 02 rail
gunolu} coil gunE 2 2ol gun(th¥)S AHg3he
2 o] EMLo|2te #el9 linear motorE FAM:
712 Adstee EHd Mot} New York Poly-
technic University} Texas University at Aus-
tinol] FojA z}eh 2509HE, 700%HES] AFAHE
vk ol A Aot 1@y 1992 vl of
E38o] Clintone.® ul#MA Star Wars project
B A9 £4H0T 53] 280 B AT F
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qEAe FAo v X EE A7) Y
o] ool gA3 AL Uezlo] dAo|rt
uhebA dA FPF2A project ol&l9 F7} proj-
ectg nlxgoRRE ZIdde Eovle AZA
FoEU

n)z ¢34 Appolo series#H A Aojl 7=
7} x4 o] §17ta}Elof 7o gube A 3T} &
AL EolARY riEe A% Wy WAL

oW o]Fo|7 A= Bokth EMLe) A&

As] gastA @ vjAol FAPEA Aol U
A2 EML conferenceol A 2 ¥ 5= =8-S HH
EMLE 58iAst 48 # U= 714880 Bol A
t} EEY, 2NN E 74‘% T A coil?] ¥
StEA7lE oy, 214 FXoM wHAYstE pla-
sma2l &AM, 21& power sthchmg7]§, 2%

FR71E 580l AUt ol 7y wE Ax
linear motore] S8 U9 E WalFA € ot}

2o 5L @A) AN ARE FEEotE
Al o 7 JATAOI,

(1) GTO(Ground to Orbit)

(2) A7) #4493

(3) Electropult

(4) $FHAAZ olx9] 1A 2A}

(5) 714_€3]§} Aol Q3 AYs

A
(6) Linear Elevator

FAs

¥z g4
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