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RESE ARG GE EH EAIIARE IR R4 - (EHEEHRE A s4H(5 « FIFEFRE R - &L
iE £ B (Rail gap switch)PREENEE - EEAEARE L - EEBGSTTEE S0V - S s SR Al
B T I TRAS By 6.25 kI F1~500 KA - 55 EFHIF ] (Rise time) By 1us » AJdiH 6.25 GW HYLHE -

17 [ P A R Y BN 77 =2 FH Marx generator PR 55 3H5% (5kV/ns BYFH 2R ) 2 BE@) (1] » &
Marx generator /2 H B i = E2 40 5 {EHY Trigger-pulse generator figsFrBEsfAY(3] - G ol A FHYA MR
FYEERS(E Marx generator FIfifj# Rail-gap switch » Higit A 5.5kV/ns By FHERE -

HEERSHINEBEET » ZAHVBE RN E BRI ERE - 158 TP TR &R - [F
ol (4R - B A E R R BB EVE TS BB S s T 3R 4] - TR S TE R 4R BV PUE R BRI B A
e VAR AS RAF AT » TP T — {5 s 25 P e oAl R e 2 AR BB S 4 AV I BE 4% - (E R &Rt
(Rogroski coil ) & I EE AT A/ INVAI{EE A RLC AR rIAS A EL Y B AR RE Y B R & P MBS e 5 4H 1%
R T oA L BE 25 e P BrRR Y BR RN -

HEGERSGE > BMEETEESB0VERE 127 £ 4nF - HEMEEERIMEREL76 £ 7 nF - HAT
HERIVEERRER 1 FI7ARK At B s i - S ERARRE T 3 40 - AR E®
BEShE - NIRRT R B B N\ BB & IR e TR SRR -

MEAFMEESTFZ XA » H— B 7 REERHEIERS H et T - st 7 ifE s SBRRE T
SEIFHE RS FHELERA) - Ry 7R M R A AR A BB AR E R A A R e b - (R RS
VR4 23 0VEN AR » T DAEE A T 22 BRI B2 (488 B 2R BN ) A IR L O B S B BRI R R R e 25
ATV RASELIER - H = (I = R E RS Or R BRI RE N S0 R A 41 -

TERRET DR R Y B - B S A R S s B XA R B R4 SR A b R o -



CH.1 fRETTHER A4
518
Parallel pleat capacitor bank(PPCB)JZ = AVHIR{E L1124 4%t (Pulsed-power systerm) &l (i F B2

HEE S (EE A - KPR R B A e YR BAE R VI ] B L = DR ik

HEETE A E R E R EAIRE DR SRV RS - DURET A (e = e s
{6 B R B S VAR LR e F Rl > s B 4 es AR A B AN (R DR g A BB SR %

M HFRIEEE R - (£ —(EIRIERPERT > FIFH Z4HIE 2 B B A5 mm 2iRRE THYEE T
TCIRRAE > R ER S B (A TSR o TR EERIG i Y BRIH 3 A A A s A 7 i H R ]
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11 PREIRASGHIE RS

AREGHAEA] 20 B 1 1 F HYEEAES > 4008 10 K 2 {5 1 uF BEA SR IRE 4 (one-brick) %
sl o (FRAEABRL - 32 10 SHE kI EE - B 5 s — 4 Emas ik - MENEZ
WA e 45 P (AT Ry IE 32 (North wing) B2 R 3 (South wing) » 7= W A LI EE R (EL &y 5 uF (Y
B > FRARGFTE - FaRERYER I 6 AR RS R AR (Rail gap switch){F fs £ &THY
EEBHRE - & el (Marx genarator )it HIARE SRSl 5% - EEHNEI PSRRI EIEIR - R
IRV EE AR ZEET RS, - HEAGRHTTESE S0 kV - (LEHRFRTREETIEELY 6.25

GW -~ 500 kA » EFjHEfE(rise time) fy 1 s » AR EFT 1 -

| Marx generator | T

Rall-gap switch

gt
Ll
0_H 1l
0 H 1
0_H 1
[ H T
B 1. ARAETIE S GHIATEE -
Capacitance 1 WF Jeach
# of capacitor 20
Total capacitance 5 pF
Voltage 50 kV
Total energy 6.25 kJ
Estimated peak current ~500 kA
Estimated rise time ~1 ps
Estimated rising speed 0.5 kA/ns
Estimated Power 6.25 GW

1. RERAGHISEER

12 (EAER(Wing)BEASEHINKEIIR AR
R T TREZSURE > 2008 = > BPIeoRal( R E R S BRI R 28t - Ry T



RERMCER HEIR I ED R, - R e E R M E — R BV A s
(P) - HAEFEDR ARG ERER (B - SRR E R oliR REs (R ) - FEIHR,
Ry 2T ERAH » FEIHR, AR IHF 40 R - I PHAE(E TC R EE Y 2 4RAE 15 S SR IHAE

FEEE L ERVEREE - 10 (RFF - MR, BBIH & LR EN =\ RE AU T 25 (P,) 5F M — il Rt - E &
SR E TR B RS (AR ) - B BRaE R BT (R ) © 5950 - EIHR 2B HR, p /e /T AT

PH > Zeggchir e o] b oy BREEFH &0 - BB PH R/ N R SR R i o R AR FE 6 1-4 BAEEER 2-1

rég -

Trigger-pulsed signal

]
HV PS - o'o -
© —_— = é b
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- § . i Rip
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I8l 2. fHF—4RkE %A 23(0ne-brick capacitor) ARE TR Z:4% » N L4 EE 28 A MRE R R AR eSS B -

BRI IRAE

(1) EIRRE(Initial state) : Py 4828 25 {5 B (LM R A 224 ~ [ElETES (Open) - TP, 4 EE 25
(Closed)ff Ry EEFH MY - [HEEZS RS R BEFHIRCEE [Nt - Py open » P, Fy closed e

(2)SCEIRAE (Charing) » E &R LIS E BB 25 &N » P 4R B 75 113 (Closed) 24 ERJ (1L
B2 - P4 FE 23R (Open) R3JiXEEEEFH < Ktk > P By closed » P, &y open ©

(3)ER e el E R - A EE R ¢ P, 4 SR ENH (Open) A4 BLEE TR HLIERS - P4
B IRFTENES (Open) » JEHFE Ky B B HYIREE(In experiment) < AL » Py Ry open » P, Ry open -

(4)FESERAZ(End) © {5 AP, 4 EE 25 9% [ (Colsed) RyEEFHFEM - (EFRIER{E B A s T HYERERE
LS ERE - BERHEAGIRRRE R H EARRE (Initial state)iFHYIEL » Py open » Py Fy closed © 5%

TEHIEGIRRE MR R B RSN - S0Py R AT RS - P RIL AR A - SRR

GERER 2 e
T T—

FEREE (Initial state) Open Closed

X



EBEARRE (Charging)  Closed Open
EHEgh (In experiment) Open Open
&SR (End) Open Closed

Switch type NO NC
xR 2> ZEHRAE - BEIEALEAVBIR R -



13 ZRRE T HYAE 2 RS B BB AR TR K

1-2 ffihAyER 2 - H 4 TIRREAYEES B o7 B REEIE 3 drEy(a)F(d) -

(1) (& 3(a) > FEERRE * R FBEHAETCERT GHIENE > BURS EEIRI BRIV e R ER
MRS o LURR, BIHLPRE G LB ARZIR -

(2) (& 3(b) - FEESEHEIREE © FEETCREGEFARIRAESEHE - TR LSRR LK
BB RI0aa Y EETAV]N » BERAE I S B R AT R B E AL BN - HERRE AR AT LA &R

ey AR H A

RlRload
Regipy = Ry + ————=R
ca(b) ? Rl + Rload 2

FIAAL A ch SRR - A Ry RIS A A TRERRAVIIAE - SR, BB IH(EFFH AR 504
HYEEIRS/]N - TR EEPHR, Al (E & aC It S HAE 15 Sy EE 2 2 =Ry R BR{E (10 (RFY) > 278
IENS AN e e i

(3) [ 3(chiRRE - BEEIIREBHRA S « RE > HY B RE A4S B (Rioaa) 1Y © HIR MR, N JHEER
NEEICT R

(4) [E 3(d)HIERRE SR A S Y B RE AL I B BRPH R FE B P B FE 2 SRR 10 1R

R o JRE B Road TEE BT P& B BCEEMRERIMHL - AR ERT2IE -

(b) (<) (d)

[ 3. QIEERF - (b)RERE - AFERAEESEHERGEREESS o (JFERRERRELSZBRYEHRBERE - BFEREA

B - (d) FRESNE IR -



14 EEMHAVEREE

i R B A s I B P AR I ] BB PE(E(E 2 1 RC AR

t
V(t) = Voe_ﬁ

CBRPIER 10V B - Vo A SRS ¢ T AT B A e
20KV + FATA B BB EHETE] 50 kv « FV(0=10 (RAILREAT + HBELLHIN In 1%
EEv Ly

At = RC * 1n(‘1’—g)) [s]

» LR 73 A AV =20k (2 50k) » BEZA{E CHa i RV EE A e AHBURE » HHAUE A BB
WAL R AV EEHAE - PR 2l S B EEHAE - [ 3 3 RREH I 7 =0 &% &R H 2 ThR
TINTAIRR 3 BFR 5 AT EH -

72 3 4aHIAEE 3(b)HHVIRES - 1R 4 45 HHIEl 3(d)HHYIREE 2 % EIHAYZR
MG S FEEPE Ay 1 BRI ~ TR, (E ] 100M BRAE: ~ R, (] 100M ER4E) -

B 5 4

TN o E

HrpR 35t E TR
R
V - & @@
R, : I, = 0% Ry+Ripad _ Vo
2 2= 7" R, R
Ry
P,=1,%(Vy*
2 2 ( 0 R2+Rioad
Rioad , R1+Rioad
V
R, : I, = 0*(R2+Rload R1+Ri9ad — Vo
1 1 Ry R2Rq
Rioad
P, =1, % (V,x —2
1 1 ( 0 R2+Rioad
Rioad Rioad
. R,+R R{+R
Rivad © Tioaa = Vo * 2*Rioad R1tRigad
Ry
Rload Rload
P =1 * (Vo *
load load ( 0 Ry+Rioad R1+Rioad
3(b)ER S H EMR{E EMRER EMEI=R
(3000 Isokv) (Pokv/Psory)
R, 100 M (10M*10) ~0.2mA /~0.5 mA 4W/25W
R, 100 M (10M*10) ~0A/~0A “OW/~0W
Ripnd =1 ~0.2mA /~0.5 mA “OW/~0W

* 3 E=(b)/RESEHZ ERMIHE -



B AFEIRAT ;

Vo

121 : Il = R3*R2 R
R3+R2+
Ry
P4 =Il*(V0*_R3*R2 R )
R3+RZ+
. Vo R,
I?2 . IZ =3 *
3*R3
R3+R2+R1 R3+R;
R3*RZ
— R3+Ry
Py =1 (Vo *m5m,)
R3+R2
. Vo R3
R3 - I3 =g *
3*R3 R2+R
R3+R2+R1 3tR2
Rq
Py =1I3* Vo *m5m )
R3+R2+
[El 3(d)ikEE ER=X/N EEER EFRII®
(3000 Isokv) (Pokv/Psory)
R, 100 M (10M*10) ~0.2mA /~0.5mA ~4W/~10W
R, 100 M (10M*10) ~0.2mA /~0.5 mA ~4W /~10 W
R, 1k ~0mA /~0 mA “OW/~0W

R4 E=(dIRESEIE Z ERATHR -
%5 TEUR ARG ER G R EESE N E LRER M 10 4] —HEA SR - HIRE
(b)FI(d)HF > e B N 22 2 = B BA TR YIRS ] » FLEEFH RS IR, 733 A Ry 1 kQ AT 100 MQ By

HEHIEER - Y RIEIRRE N HYZEMCERREEATEL 100MQ - B LAATRERFEAHE -

20kV IEE 10V KR 50 kv TZE E 10V KF[E]
S5
EEQF{]E[” 4RAE(b) 4REE () 4RAE(b) HREE(d)
0.5 380's 380 s 426s 426s
1 760 s 760 s 852s 852s
1.5 1140s 1140's 1278s 1278s
2 1520s 1520's 1703 s 1703 s
2.5 1900 s 1900s 2129's 2129's
5 3800 s 3800 s 4258 s 4258 s
FER t=100M * C * 1n(:—8)

5 E=hOMRET - FTREFEREZEZEERATFHRRH -




CH.2 RYEZE R A%

HAPIFT i B Y 20 75 (o FH R M 22 SR B BR A 22 SR AT PR BV RZ MR 2258, FiE i AR it
SRENEELSEN AR R i Eas ity 2= RO - &% - Al AR (g is e ke
Marx generator [P35 AS -

-1 REEEBREE ST EETEBUE

BV S E AR TRE 2 SR E RO B e - oy TR bR ss A - 3k
(e FH R4 2 SR P A ER S R B T2 -

EE 4 TFHY(a) Ry BRI 4EEE 25 (Normally closed relay) » S HESNSJiRE > P EEAGRE G 2B i L3 -
RS () > EYNDHEBERRIZ I EES (BH) - (8 4(b) fy i FA%EER 25 (Normally open relay) - &
HNII - Y EE AR B AR o Ryl (BH) o E AN HEBNE R A R RS ()

B L TR ARG T R A LM S SRR BRI AR - ERHREHYER o3 H W (i A — (B $m i &
TEER » BTV FERES S NORTH STAR A EIIALERAS |

V—E—245P+67( P
d ' " Resr

Arisat > HPRepp = 0.23R ~ R BERMGEEZ FAL - BAL R0y ~ P B RSAEE S atm ~ d BR
LR35y ~ V BBALRTIREF - RHVER S ARAGR G/ 50 kv > FTRAER SR Z 2 HEBdES
1.6 {&% > B EEEER 80 kv - (RANFETRGH d (VRER 2. 23 357 - (£ 4 > WEHE
il FEIFNFEIEE &y 120 mm > 220K 80 kV {LETATRE.Z 2.23 Ao HYRERE - S tHYEEREE ] AT 50 kv
PUE - [ 4(f) PALEEREARHVERR - HMIZEAAEE R SAY T LGt 2N - HAy R s
{RLIRE BRI BRSO R - (EE 4(g) THYERGI R - (] B ARMIEREN et -
LR HIRE e E - (E S e A AR - R TARERE 2SI R -

Y2 kV /em



* Narmally Closed *Noermally Open

HO Relay MC Relay

Ground

(d)

3. Extension Rod & tilted-prevented columns
2. Spring support frame

1. Support column =

l”f‘

4. Pneumatic valve fixing element group

(e) (d)

B 4 ()EEEREFET - (b)EFREESEFTH - ()FFREESNFERGT - —ImESB I - (4B EFREEE
B - MAHRIHRE - ()R ERRREEERVSHE - (NERMAVER > SRRIEREHINNE - (o) EMAREERETNERER -

22 ZERBREERE RN EER BRI R R Z SRR



I E SR P BRME 22 SR B (PR I R AR Py 22 SRR A SR B sV B sy B A - (RIS
EETE R ARV T A T DU SRS R T - T RBR A PR  R E RA E
ARG RS RS - HEZR RS R Ein £ B B A a4 B ol JAE h IR FRIR AR -

5 ST HIREARIE > 5 — (I BA T %45 A 25 (Pressure control valves No.1) 837 Sg it 4%
SA(Flow control valves No.1)YHc & 75 %275 & 4 B as o SR B (B1555:NCMKBO75-04008) 1y T {F i
[ > K Sy 30.1psi(2.11 KFBES ) A4 2R 50 22 500 mm/s o Ik R {lEl R (A LR B e I Y A
T FPIEE 3 KRB B4 22 RE (FE 2 HR S fURLERIAE 1.9719 Umin(GHE
JIAAENS SRS F) o TELE 6 Hh o FEHREC SR B IR AR AR IE S B L 2 R A AR A B Y
> TR R & IS 22 hER 7 1 THI T Bh B -

5o BR%EZZ A AT —(ERY PR 2R ETH (1-to-3 quick No.1) » Horp—([EHE0H1E 2 SR B
a3 (Pressure control valves No.1) » KFELER T JER%E Fy 3 KSRJER » P L —([E PR EH2FH(1-to-3 quick
No.2) o [FEERIRFETHA(No.2) i (Y — (B3 EH 132 22 22 SR & P2 SR (Flow control valves) 3% 42 7 &7t
&(1.9~19 L/min) » Z1&57 7l LERE > HAFE 3 (Sorth-wing acrylin box)E21E32 (North-wing acrylin
box) i SR BN A B e (50 Z FHRA R ENELRAR © 55— BARE 2 R BRI 425 (Pressure control valves No.2)
oyl BRAERZ I FHS I (AIr dryen) AT > B4R 2 2N RS H DRETE(1-to-3 quick No.3)53 7
S R R R EALEAVEA e IFE T (RS SSHVIRIRE CR AR -

Air
Compressor

Pressure Control
Valves
Ba. 1

1-to-3 Flowe Conitral

Fa § Ra 1

Pressure Control

Valves
Ko,

* R
Air 1-to-3
1 quick
Dryer 4.1
olher usags

B 5 - EHRRERESE -




2-3

) )
e
0 LD
o ©
S 5
L1+] m
2 2
3
£ L
T <
) 0

2 2

)

Air
ompresso

€

H 6. 8477 - HPREEATRET 2 08 - SEHIGRHRAREBRNIME 8-12mm FEBE -

R HEEZ YR R AR S (5 F R B R PR PR R Y A B SR e



RESHIHIERIPRBHRIEL Marx generator YIB! RHAG R ORIF—ERVSIEE - (I BR%E RUMK
(FZfpze RITE UM BN EZ IR RAGE P B ORISR LR SR AGHYAEE -

JFARTEE A HE RSB T E A 1~3atm (VER - BRGS0 R Z B0V ST
T LA R BE SR B EUR » Tt 5 =0 AT LAGEBARA(E i B IR Y EEY FE L BR e - (R EDRY SR A
RENEE

7 P o JBR A S e 8 ] e e B 44 48 =R RERE Sl i (Main valve) ~ 57 BE [ (Control
valve) ~ EK(Switch) ~ SRAGIT B %25 (Flow control valve) ~ A& 5T (Flowmeter) - H /i Hif& B
BRI SR I B - SABSARU R R Es(Flow control valve)#Yit & 1 A5 ] 3~9 L/min Y2
80 i 2~3 oy AT LUCRRFUE R R B RE A B0 SRAS A EAE 80%LL L - 4l S BEE 25
s EER -

14" & arm

4 |

"[ Rail gap switch J [ Flowmeter

5 (LAmmm)

[ 7 - R R R R R e BRI T = -



BRGEsRE EN SR BRAT T

S ERIRF

BfE

st

AER 1

FERIEREEA - ELAE—IXHEREBKRE Ry PAIRAR -

WREKLARHRA - RIESAS
KOS _EHY 53 BRREBR T TRE Ry

Hb -

AER2 | BRGES b R REL O BRRE o Oy ST SRR - E : TERBE > R -
SRR  NERBE - 2ORsRA -
TER3 | SR SE AR (E -

ISR e oy BRRE > ERIFTREEESI(1~3 atm) -

L IARRE > 5 -
R IEREE > R -

SRR A (o R 4 SR B A 8
CETEEER - T R AR SR D BR”) -

SE6 | NEBIR E AR BAERE - BSOS | SRR 375 Lmin
BERAE -
RGBSR PR B BRI T

5 BRIEFF e =

AER 1

ity &+ el BA BR s HY £ R -

ER : NERRE > BER5E -
SRR © NERBA - 2R

ER 2

HETRER P RIRCTY - SRR 1 7 RN R R 5
% 0 EESER EAGEERE -

B 3

TSI REPA R -

LR I RRE - 6 -
SRR ¢ NERsBA R

TER 4

ERIEIRARA

EES

fifEse R B BRR IS REPAHY ~ BRTI8R'E B - BREEZ
[BAEAHY




CH.3 {i FI K B ZE M3t ey I BB BH (Trigatron)

31 EEthE

IR 8 » 3RS 1 TR TR+ SRR o L B
BN « TRV MK R AEIREM10-1.0) »_EFERT 3SR RN S O TSR - thi
5 1 R B PO T R R -

Caseup =

Casod Two electrodes, one of which is fitted with a spark plug

i 8. M FEEEE AR B Trigatron - (TAZEHHIER/\)

ARAERER RS EMESE > HATER 8mm fHEER o] DU EMMEE 20 kv 15 738 - i 10

mm FEFERE - 30 kV BN g & -



CH.4 i f—4R B A= B R E EPRBH R

A E LTI AT £ 2 GARE R B IS FARE - HpER A R A A HERE - K%
GeE A —gh A a2 2 {1 uF [fipk(one-brick) - HERRHYEERUE I B EH I EE RS
t o e A P B R B B A g R B — (RS - (521 Marx generator 7 A4 & 5 BRH AR & 3155k il
S BRI P BRRA (LA - AR E T - (A= BRIt BB R S -
FTEEIRHY RLC R A K BB A S ERIE -

EHAIRHE 4-1 87488 BRI P BR R B I B I P BRRA R R BB - 7E 4-2 B /48
SeaNaRER i LU 4Gt Marx generator Y&t aRBR ISR - 1F 4-3 B 45 L B RS2 HIFHRA
—RE A T e R E B R

4-1 B FREE B B R S5 BR (Self-breakdown voltage) & I

W IR B R e — TR (R FEREVBHRE - 4018 9 HY(a) - (EFH IR B &8 2 (ERE M (EL 71 E2
ERST) ~ — I SEEEMR(T) » 8 EH PR I BAU R (X A ) B P SR B P R B R 2 BRI R A
BEAE (R ERER) -

R JFEEANE 9(b) > TEAERAYVER AR C(HERMR(EL) BT M (E2) A (HFsBE - (H ] e St daas
firas SR A (T) (S B (E 1) B B e (E2) s AR M R B R A AR BRI B HE A Co TV R A
ERE -

To load
Es
Gas T
insulation To ﬁ
trigger qﬁ
Eq
Enclosure I Cy

9. (a)BiERFREARHRIERE - (o) ERIRFAREERE - [Ref.2]

(& 10 t(a) /S EERZRaE - R E R bR A N Im B R S el > DA% By BREEPH
(200M:100M [BRAE]) » {5 W B fn B fly 52 B Aty BR BR L P PRASFAE 2 BE 15 BA(ECER) -
Fhnls - EAHERAESHEATE © s ERR R 35k > EEESHTEERHRHY

AR R BRI - BEAREEE A BRI - sCek IR s R BB R N E I R R A E

g
O



HEpGE A AIE 10(b) - (A 9mm(6:3)HYfEIEENRF - BrEE il IR EEE BEEE 20 kv 27D 15 7
§E o SRRV ERRELF29.4 £ 0.9 kv -

Breakdown voltage V.S times

T ST TR, OSSR -.w-* {T}

Std=0.922 i O OR
Avg=29.41 kV ; l ' ]

10. B EEHE4S R - Data: 20190107_rail_gap_switch_selfBD

4-2  SEMEEELHEEL Marx generation HYRR{EENSR 2 BB L FHEEE (Falling

speed of voltage)
s SUE T —{E/ N AR E R A 4 25(Small trigger-pulsed generator) Rk fiE =% Marx generator

P gt B I PSBRARA - MBSt EiR e 11 - S5 AR a3 4K F il B AR (A FE AR SR 2 O ER
s > BRGSO 2/ NI R E S 7 A o5 T e R SRl S N R St A A s e AR
SRS HVERST Y - FEfB5% Marx generator » FEEEESEHLERIPEBAR -

T2 A EE R a3 - ERRA R O 2 SR 4 s BRI as » IERE - SRR
ST T A AR RS NI R AR 5 AR SRR o R/ NEUR T SE A A 2Ry B R Bl
SEERBREE SR © TEZRHYE SR TSR Basth FiTRE - HALERAS /NN e 2L wsry S BR o5 AV AT AR
G IEAEEE IR - B B 2 AR AN G A AT — R M S RO B S R st o i

HAPIRE AR B S A B B R - Py AR (02 BB TSt AR - H IR (FTRE G B 245
FR 4R G 5 224 25 [ — {3t -

/ 12V B2 \
@ I EXLEE ]

KR ) —‘L

BNC @ _ Gs

Small trigger-pulsed generator
(RaEEs - \G

J:‘ G, [Marx generatnr]—b[Railgap switch]??
2

G




11. (FREAME B/ N ARE R E 4 25 (Small trigger-pulsed generator):RFEAZE -

12 th(a) Ry B MIHY EEERE] - LERHIES 1(Test point 1) &M Marxgenerator HYEREREHSE © AZ1%
— 450 b —{E 100 ERGRtHY EE P AR I O I B AT TE BR A A 1% — SR BHRE R S m I B B 2 - A I
EBRHBE - AliSlmBlsE EgE RIS BRRANY VS iR BB & 2 7 Bl - AT RE A MRS BARE -

i 12(b)F Ay Marx HYEEERERSE » HEERR FFHEH-5.5 £ 0.1 [kV/ns] -

: Test point 1
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r = Curve fitting |

— 10_ =[f=Tg 1 g -!

= 4 ﬁ F:jpm-el ¥ 'sinlw[t—Tu}-“F‘]Ij

X 5 "
'E i
@ Of

=

: =

g = S5 H u |

_10'...__.___'__._J_”___;__...J..+..--4------*-j

-10 0 10 20 30 40 50

Time (us)
B 14. 4R BB (Two-stage) BB ERGEE » A Rogoski BB R4 ERE -

13(c) B E E R ERE[E - {#F] Pearson current monitor £ 85 25 g8 VA ER i &2 HI T

BB > B ERNH(E FH EB % —(E 100 M QA FERHAY & B EREENIE(R) BB A 2516
B o BEEARYENGERASREE - #E M BN SRV B R o] DAZE I THEIRY T BRER B -

{EERRAIE OV B - A RERIRENIVE RIS - [B 14 F - BiEO 2 FAER -
F RS 2R

_(t_TO )]
y= Ipeak eV

F 6 BN T —RER N NERBINEER Y RS2 —REEEAIR
I EE R A 5.2 kA [ _EFHHEfE (rise time) £y 0.7 us » 4R EE N BRI ERATZRIE BRI By 11.7 kA T &

THEFfE Ry 0.9 us » W{E H RS EIRY B RELE R

sin[w(t —Ty) + P -

Lc

BRI — 4RSS HY EIRE Fy127 + 4nH > $UEEHIRBARIHYEIRL{E 176 + 7 nF - EAAVEEER >
IS TEAG AR A SEHIAE 1.6 us Y EFHERREA 250 kA LRI EER - HEER RS & 0.16

kA/ns °

hea KAl | y=g[sec] o= 2R L [oH] | R [MA] T =g [us]
Onestage  [5.20+0.02 [(5.7+0.05)-10* | 2.23+(4:10%) | 403+3 | 46+1. 0.7
Two-stage  [11.71+0.01)4.41+0.07):10*] 1.72+(7:107%) [339.5+0.6 29.94+02] 0.9
5-stage (20050kV)| ~56/144 |  —— ~1.2 ~300 | T~—| 13
10-stage (20/50kV) ~100/250 |  —— ~1 ~200 1.6
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(1)5%5T 3D FIEIRYEE SR (3% 1) > RFILICEAE 6 W& B 8 INPE h YAl fS - R E AT EE
SIS

QYEEAEMRE > BRI ELIGEE = 5 v (A HIEL B FIRE) » AR S IR EA
il B EEANETHES%—E - e EEEE -

CUEFER (IR - B EHWER MEJEE 3 7r# - SAIWEE R EEEE -

BHE THREEE EPFEE =0 AIMKR=H5% » & —RY—HT » JRETHHE
RE B BB —BE R RS R TR E - o PVC B EARTREE & - 55 2R R AR
FEZREARDR - ERAYEHE (T REE N B TEMRHA SR A5 -

[l 15. (a) MR - (EFBEELE - (b)PVC E IR - FIUBEEERIRE - (NEEACRERLE
3% - FELLR R RGBS A TR A STRBARNE - (ECERZARETIARE - (EFISREARDT L5 -
52 EFRHIEE
RN EALTRSE TR (143.5%19%40 cm) > BUIEERBA IR AFN— SR AT
PERAERE 120 2y > HEYFESEFHISE - fim EAVKRZE DR @ eI R 19 AJT
e BRI — Ik HLERS(EE > PREAT R R S et (G - KRR BT T) - 400
16 FRPR - ZAORZE L8 BT SHEREEE 3* 2 mm) - R E—EE AR 6.5 mm){ERSHEN -



16. (a)ZKJBZ2 LFE - (b} IR EALRE SR - (HAIIREAEH SRR -



53 BAERERN LN

FAa AT - B 7 R LR R IEIREE e ) EARFr R RIS - HIREGT R 20 A/
BRI - BRREESIR N TESE 20 mm - HEIESBAIRA AT EHR—/R 500 7T » 3£ 1000
TT ° 8 17 f R ESHRRYRIE - T BRI THE RS R A By 30mm By 50mm -

) l m I Q l (2] I o I >

|

1 |
do) yuegde)
- m;h—n -Uu—-c.l Sd-sn

el l§ ~
o
SRR |
o 362.41 2205 372.09
: L
gl '—b o«
8 .
» | m | E | 0 I @ ] >

& 17. ERREEH TR @ Bk mm -

5-4 EEREAER(EREE)



e PR R (B A Y B T B 7R R A o BRE A [RIEVHE T LU (e B - S ZRnyiion =
R E R E R AT > BT RRSEGET TS BRER AR - R 7 T EHeelE
S A AR I E AR AT 2 AR B - (B 18 Riat eI o S I E R R S R
a8 0 o JEIE 2.5 kW HYERTRALES o B E =T RAVEIRILESS - THEHEUE > R
ZE RS PR LI -

I B H— %
Kikg HE)mm) | BE | EREE | BEo/)NE
4040 750 2 265.25 530.5
4040 600 14 214.46 3002.5
4040 520 0 187.37 0
[HES S ie BE BE
B TAL4040 11 82 902
1R4% SM816 2.5 250 625
Wabi =Ry P4MS 1.5 300 450
Wabi | iy THL4 0.8 300 240
$EMR-EIERE | TSB4A575M8-6 16
e TMB356 10 50 500
BRLR SM620 50
s TC4040 7 12 84
1£/E 6335

7. MRS ERE -

B—=
EEFEERE

BB
RRES
(500 W)

B=E
BRAEE
(30 W)

[ 18. RETEE -

55 HHEH



PR ] RSB E e A B8 - s BIEN G - AdEEE HESIUSHIH
ke HoEa sl =as o e amniit s REAHES - BETHUEREREL
IR > SHERIRR VA FHRGG ——[EE - Sy - Wil amsH A s H S - Rt ey R A
SR TLIE B R N R BRI ] > SRR RS R Ry 1 R BRI R R — R - R 8 K> X
T HY E HERE - B 19 > A=EfE AV atgfE o6 4 R~ 7 R~ 3.5 K TR
Al 1 58 PR GR ARG E EAE—RC > (E8H B — 8 KAV - LLORSHIRIE &84 - 3 MIEAIRIT
FATHISESCHEE © Met% FRIRFELER N S 4 sH 22 A st 2R A PN BE el > RISl rl LURE B R E A B
LR -

J=F 7t R (cm) =
s | 270 cm 14
TRRE_1 IH(HI_4R) 31.5cm 24
R4 (3) 123 em 6
fEEE 70 (4T) | 213 cm 6
TEiR_3.5 I (&%) 107 cm 1
HEER_8 IKf()K) | 245.2cm 4
fnsRsERE <30cm 6
FHHIE 30 cm 2

R 8.(EEM RIS R R -

19. AT - ARETHRSGH A e BN -



5-6  MEEHBIERS

1-4 TELER, - R EEPHEAETTZ U1 100 M Q S8 — A E AIRERIEEE(E - &
e UCH & rgialE EAVEIR T Ea (K 164%120%57 mm 5 /)\: 145%86%34 mm) » 2 o8 =) 25 FR
MR o BUETTR R B PH SR BT RE N H B & AN - AR EHRAZBH RS T+ > EAR
FRifE - BIRIEREEETEZ  BEEETHUEgEREE R LRE - LS

ZPm A - WHARERARBPA R 22 - (EEZEHERIEE » &8 —Eeli e i B R R 2= 5

EEAX > HEEAHAERL - ERAER R A] DU S PR i RAEFRFRIH
N

57 1 MQEBEEHERE

R EIH T R I I RER B RCE RV AR - B =S ERER T > BT
MEPREE R e IR ER R MR e 5 » SR EE St s B - R B H A TR ERAVIIRE - AP
1E TR R AR A A SRS K FEB R A I R YIRS - Bt B A e & S F i BE P AR K

BEEGHERREZE TR AN - B SR B R asry = B (FE 2 2 W I B2 1t - Bl
FR A AR) ©

BUE - KR E EIEHEEIU IS (ML 18mm FME 20 & 90 cm) > VIBHILE » E
Sl HVEE - EAREBHEFRREE - IE/NE TR RIRIEERIP R 5 PVC BER2K
(1 IfHR4J 120 cm) » 5 PVCETHRE —(EFLAI T HI B ER A Ak - TR R THEAYSLALL » R
TEEERE I > 1818 B4R B EEH Ze e ithife A PVCE T o SERi% B L R i BRI < s me > Bl
SERK © Bt EAIE 21 B - ATEIOE ARERIIEINE TR SER - SOEE AR -

ESERE
.H"'""'# 'Y
- — BRERNSE

21 208 » IR EE - A1 - BN EATE -

CH.6 RIS
SEREMAISN + 6 4-3 BTV ERBROT AR e A



® HENETIRZS - £ 4-3 B AR NEMEAGHVERIE
B FH-REEENAGETRE
B 3REEBEN ARG TRE
B (RN ERREN AR RE



CH.7 2E &

[1] Physics of Plasmas 20, 042704 (2013)

[2] Foundation of Pulsed Power Technology

[3] Mei-Feng Huang, Master Thesis, National Cheng Kung University (2017)
[4] Sheng-Hua Yang, Master Thesis, National Cheng Kung University (2018)



Development of a High Voltage Relay Using Pneumatic Cylinder For
Pulsed-Power System Using a Parallel-Plate Capacitor Bank

Ming-Cheng Jheng (B1%3%), Sheng-Hua Yang (*#5% &), Mel-Fang Huang (S5 K.), Po-Yu Chang (i!?—b o
institute of Space and Plasma Sciences (A ENRMHGF), o )
National Cheng Kung University (Bl 51 R A %)
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Abstrac MDY
We have developed a high voitage relay that well be used In pulsed power systems. The pulsed powes sy poak
wwmudcmm-ﬂwmdwwﬂu mwly.mmunumol~tus Yhmoonduwufovmtuvhﬂll
e Considoring | y safoty, Itis Yy 1o f & relay in series botween the power supply And the capacitor,
And a relay In series with the in with the s neceasary 100, In the system, relays in the type of normally closed and
normally open are used. in order to avold the mfi of ar wmwmmdhmv.lmwmnmcm
Reloys are using the paoumatic cylinder. The relay Is gned with rof to the of the heon curve.
rulay functions proparty undaer 20 kV operation.
Parallel plate capacitor bank (PPCB)
Mw 1 yf capasitors are used,
Hors are Aod in series 3 @ stage, Ten stages are connectked in paraliel and charged up 16 30 KV storing 16 kJ of energy
lnIn mun
* Rall gap switches are used.
+ Currorts aro delivered to the chamber through the perallel plate transmission bne made by stumenum plate,
*Side view of the BBCP, *Top view of the BBCP,
Ok sago Capaciter  Aluninum plate Capocitarce 1 uF foach
2 - ’ » o capazitor )
—4 _ Cramse Total capacitance 5 uF
— AN Voltage 0V
A": ‘) ) !mmv 16
—4h Poak current ~508 A
—h Alvo bme 1
P— m —_—

Both normally open and normally closed switches are used
.S, my-mcuﬂhmmm-mrwmy and m.ammmpmtmmwppvy
* §; relay s connacted in series with a d n The

L0 CONGIME GXCRES snergy in the cagacitor
+ The system is safa it S, is open and S, is closed

»

Normally open
@ @ +Normally Closed  +Normally Open
c.ucllov ' ‘
Force Force
Normally closed A
The high voltage relays consists of four main com nts
* Support colimn not only supports slectrodes but alwo to o o
* The empirical formula of the paschen curve from north star h

The
bmoonmmcmm-1mmn-mmmm.uubmcmnnmmaow
* Spring ore used 1o ensure good comtact batween olectrodes ond the metal board

N Hiod & Sllw-gor

3. Spciog support frams

1. Supgport column )

NE2RGP - RTPR N KV em

v
o
[ .
;‘--E-M,!- Ls 670170231507 aV/jew

4 Prumotie volve Tumg elemant grovo

=72
Future work = Summary
+ Davelop compressed alr system and control this system by LabVIEW
+ Now vorsion of drvweng it being charted + Poowunatio NC rolay functions propecly wwder 200V oparation
+ Davwlop EUY light source * Thin coign retay cam be usgd Setwsen the powar segply snd the capaciior,
Re'erence and X aks0 can be used in connocted in series with the resistor.

+ North Star Rasaarch Conparation
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A soft x-ray laser in 46.9 nm using a capillary z-pinch

Ming-Cheng Jhang', Chil—-Ruel Hieh1!, Mei-Feng Huang' Po—Wel Lai’ Sheng-Hua Yang1® Po-Yu Chang’
1. Institute of Space and Plasma Science, National Cheng Kung University
2. Department of Physics, National Cheng Kung University

No.1, University Road, East District, Tainan
lahoppoperiigmail.com
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A pulsed-powar sy
ﬂuphmInuuclpuhryhnbdbnhﬁuhamalmpodmdh.!oﬁlmlnmcmocnummmm

Introduction of a soft x-ray laser using a capillary z-pinch |

Whan 2 high gos,

(o

h pe

flows
guoerated as show in Fig. mTMJ is ph

Torcs in the radial diraction. It is called & z-pinch. As thom in Fig. (b)4d), the plasma which acts as

a pumped gain madia can be compressed

temperature in the order 100s keY using a pulsed current of 23 kA [1]. If argon gas is used, Ne-like

1 - ey

ic fedds n the azimuth direction are '\oﬁ\/ I ,*,' 2
d, and hested due to the Lorents % ‘ y
along the caplllary reaching a high -& o

Ar lasing 31 46,9 nm [1], which s = e range of $0fl x ray, can be generated in the hol plesma.

Thersfore, a 501t xray lases in both ends of the cagillary is implomented.

A ==

ulsed r system usin rallel plate capacitor bank (PPCB —
. pacRoes ar And in sarion K g 0 stage. Ton stages will be dinp and ged up 1o 50 KV storing 825 &J of
onergy in the future.
* Rall gap and Marx ge ammmmmmrmmmu
+C are celin d to the chamber through the p | patn don bon which was made by sluminum plate.
~Side view of the PPC2 «Top view of the PPCB
v stage Casacitan PR,
it Cupucitosce 15 demh
* of capacior o
Totsl capatitance SpfF
( witage sehy
: Tonal anergy 6250
Extireated prak current =300 AA
Estiosatod risa time -1
Test results
. 1 f Marx gen + The output current of one stage
+ Three 40 nF capacitor charged to 20 kV are used. the + One stage is two 1 uF capacitors connected in series and is charged
output of 80 kV is expected, 1o 20 kV.

« The Marx generator is triggered by a -20 kV trigger pulse +

generator with a falling time of 88 s,

« The falling speed of Marx gencrator output is 5.5 £01
KV around 17 kV initiating breakdown of the raill gap
switch.

Trgpw passe g stes

rps .
=

Summary
*Qutput of Marx generator has 5.5 kV/ns falling speed

*Paak current of one stage Is 56.6 kA when it is chargec to 20 kV,
*Rough estimated peak output current of ten stages be charged

to 50 kV is 1.4 MA,
*Caplilary z-pinch can be driven by PPCB.

The Rail gap switch is triggered by the Marx generator,

Rough estimated peak output current of ten stages be charged to 50
kVis 1.4 MA.

Further investagations will be conducted.
ot -

-t .
Swaa /) g ) ) =
vy 2C I?\ ;-...—..‘
i g ) (41032097 MHe
2 32 I\
T B
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/
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¥
bome e = 57 " 6252 17,508  Tpaas = Tm= 6.6 KA
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Development of a hard x-ray source using an x pinch

driven by a pulsed-power system
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Abstract Wt "
A Ngh curent goneratod by & pulsed-power system i usod Lo drive an x pinch that can emit hard x-ray. The x pinch is basically two wires that cross and twist
with each other at a single point. When high currents flow through eoch wire, the wire temperatune ncroases duo 10 ohwic heating. The tamperatur is high
enough 1o melt and sonlze the metal wire, i.o, formsing a plasma. AL the crossing point of those wiees, plama is compeessed in e radial direction. As 3 result,
high temparatune sed high-demity plasmae is fonmed sed emits hard x-ray. To deive an x pinch, we buill the pulked-power system. The system stores @ tatal
wotrgy up 1o 8 WJ and delivers the pesk curnent of ~200 KA with & rise time of = 1 g X-ray emEsion is medsured using s xoay diode. Corents re measured
el xrwy yiudcs will be messured in the sear future.

X pinches
* X-pinches can generuts point hard X-ray source.
« The generally acoepied current risa-rate required to creats intonse, soft X-ray emission is 1 kAlns '/ S
« Experiments have shown that low curent and long-rise time {25 kA 400 »s rise tme, e, 006 =
RAINS V) wiich has the current sigaificantly lower than general x-pinch experiments cas drive x
pchas.

S R e ca—y vy 1 gt St g e
—— o oo
u r in rallel pl. ci k (PPCB
= Two aro d in saries ) & stage. Ten stages will be connected in parallol and charged up to 50 kY storing 6.25 kJ of enorgy in the futwre.
- Rail gap switches and a Marx generaton as the high voltage trigger pulse are used.
= Curronts are 1o the oh the paratiel plate transmission ine which is made by aluminum plates.
W b e Ouaciuas VoF nach ° 1cpmu-uomom-mu”‘m
> A o~ ~— o - :l‘:'_ll.w— = r
043 “'n” o) D= e as
e S — oy
—— k Yo waeryy [ T
e
H Pobvsbmi Ao bee “t *
— . L | U‘M—l ashane -mvmnmmm-nwu 3 atm),
amaw - Nt d b two rail-like electrod:

will e triggored by a l‘ullmu pulse generator (rising
) 3 =poad * 5 k\Vina ix meoded ¥/}
Experimental setup of measuring inductance
+ Nethos for messarieg the nductnce of N-atage capsctons mnd 3 rel-gap sstich The

* N-atage capacitors and the ril gap switch connected in serius i & RLC circult, Only USCertain ndLLtinse 18 froe e swith and croecion.
» The inductance of capachons and the rail-gap awitch can be messwrsd using the
dachange tost, s = Ayt
= By Increasing the number of capacitors and fitting the curve of the RLC osclllaton, "‘ RREr
the inductance of capaciiors and the switch can be obtained using the equation ' &
‘m-u=h'('."“nu- MR RO B 01
Results of discharge test M et b
/m:ﬂ « A Marx generator as fast triggor pulse generator | wsed.
= \~ SOusam + Theoe 40 nF capacitors charged to 20 kY are used. The output of 50 KV is oxpected.
I‘U ,,.P : < _.‘_ i e * T Mars genarator & triggered by & -20 KV trigger pulse genarstar with  falling time
- ) n of 55 n.
u 15 E ol ] “\ “ 'V-M « The falling spoed of Marx gonerator output s 5.6 + 0.9 kY around 17 KV which s
E v | l u capable of Initiating multichanne! breakdown In the rail gap switch
‘ 7 8- - 3
- 1 3 ]: z - —a ;<ll =
i I ! 1 0 10 20 30 40 0 § » el
5 e = Time (p5) fem
+ Deatiange Curout Jlagreen * Discharge coments: the tiue b s dets --
@il e st B % (e CurveIing drw I LI R T R
Thowe s

+ CutvelMng resuls and e e2posted sysion cuteut
o Be) ..,m L_ T L | RO 'ﬁ - Tha inductance of wiew L, = 100 mF = used L, = 176 2 7 nd and

e 52030011 L, = 127 = AnF are obtained by the 0QUALION Luvuy = Le + 2 4 Loy,
Twoamage 417158005 + The estimated poak output carrent of ten-stage capacitors charged 1o
mﬂ”ﬂ M) ~562104 . 50NV is 250 KA. The ourrent rise-rate is 0.18 kAlns.
0-etnge (ZOTOXV) -100 /350 [ v Xepinehes will be deiven whan the systam is Beit in this samer

Summary

«The rall-gap switch was triggernd by the Marx generators which had an output with 5.5 ACkHOMOdg!!!

KVing tafiing speed. Yﬁwkwuumﬂnwmdum.mean
= The induction of the rall gap awilch and capacitors are 176 + 7 wF and 127 + 4 nF, (MOST), Talwan, under Award Number 105-2112-M-005-014-MY3.
respoctivily, from one-slage and two-stage dischargo test.

* The sxtimated peak outpet currant of ten-stage capaciioes charged to 50 KV s 250 kA, Bmm

“The cusrment rise-rato is 0.1 KAlns , which Js fast enough to drive 30 x pinch. £11 Physios of Plasmon 20, 042704 {2013)

(2] Roview of Scientific Instraments BE. 033507 (2015)
» X-pinchas will be driven by PPCE in this summer. [2)Sheng Hua Yang, Master Thesis, Naticnal Cheng Xung Univeraity {2018}
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figksS. SEZRRMANGTE
AI5E:NCMKB075-0400S 1) T{E#EE A HEf LR EEE © 30.1psi (2.11 kgf/cm?) ~ {H%EEE

v : 5~50 cm/s © [T LR ENRE I EREFE EfE A © 0.442 sq.inch (6.452cm?) -

1000 cm?

[EEEf R Ry Q= x [Umin] (= x » == []) B R4 v /17 5 F1 50 em/s » AT
S
°e_,
==
¥ Q=x * —= + A = 6452(L A B %S > 155
1090, — 6452
60 X = 0. v

B v =50F1v=5 R ASERE QWM A(E £ 19.35 [L/min] i/ ME 1.93 [L/min] °



fifssk =, BhiB IR B RS RAG EE RV TR
B A REGDUR v ARSI V & » A DEDR H O O —8 HA — R - H
Fkviy =x || =x« 120 [+ S ABBRE V £ 40%24%7.5 cm? -
4 A RESEFRTNA vt am® > 4858 dt (IBFRIHE R dy » ALATIE -

dy=v*dt—%*v*dt

TR
BEGE
dt Vdy' y
— =vxdt=— '=1-2)
y=Vv* ' %
1- v y
By e RIS A R R
-t
A
\—}; = 1 — e v

AR E TR ER EATr: - REMAERN—FEF—EIEEERN2EEH - R
FEEASE x=3 69 - JiENRESEEH t =120 ~ 180 [s] - FFFIE AR x [L/min]HY5R
A2 A SUERH t P2 BelE R V 22T NERRAR AR %] o KHiE 2 BH ISR EHY 12
GERATTR - RS GHE 225 -

SEH |V |t x| %
1 432 1 120 | 3 | 56.5
2 432 1 120 | 6 | 81.1
3 432 1120 | 9 | 91.8
4 432 1 180 | 3 | 71.3
5 432 1 180 | 6 | 91.8
6 432 1180 | 9 | 97.6
7 216 | 120 | 3 | 81.1
8 216 | 120 | 6 | 96.4
9 216 | 120 | 9 | 99.3
10 216 | 180 | 3 | 91.8
11 216 | 180 | 6 | 99.3
12 216 | 180 | 9 | 99.9
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