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Development of the Crowbar System Using a Vacuum Switch
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Abstract - Crowbar system is usually applied to a pulsed power system in which a capacitor bank is discharged into a
load. This provides a free wheeling path for the load current and prevents the capacitor from recharging due to a

reverse voltage. Usually diodes have been used as a crowbar switch, bu:

it is not a practical system because the cost of

the diodes goes up enormously with increasing the system voltage and current.
This paper presents a novel protection scheme of a charging and discharging system of a 300 kJ capacitor bank using a

low -cost crowbar system which consists of a crowbar switch and

resistors. Triggered vacuum switch(TVS) was used

for a crowbar switch, and Rogowski coil was used to determinc a trigger time of TVS. When this crowbar system is

applied to our pulsed power system which consists of capacitor bank(1236 u¢F),

inductor(20, 160 g« H) for forming a

pulse, load resistor(100 m&), and a closing switch, instantancous reversal voltage of capacitor bank could be limited less

than 1.8 kV until capacitor bank was charged to 17 kV.
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Fig. 2 Generation circuit of square pulse signal to operate
SCR of a trigger signal generator used for
triggering the crowbar switch

1Y 3% o] 2ugAdFYe B3 F71HE Aol B
SFAFY viedgelnz AF APlM 2ngasady
F71 A¢e 0 o] Hr}
Sto, 2001/09/21 15350048
CHI=5V CH3=5000V CHa= 10V 100us/ v
e 11 D¢t 1001 oc 101 (180uUs/div)
: HORM MY /S
CH 3 : Capacitor bank |
voltage :
e et \.\\w’
CH 1 : Rogowski cofl / :
valtage B
CH 4: Load Current .;—-'/
=Fliter= =Offset= =Record Lenglh= =Triggers
Bmoothing : ON  CH1 2.00v Meain oK Mode : 3QL(S)
BW @ 200Nz cK2 ooV Zoom @ 200 Typo (DOEOMI
cHa ov Detay 0.0nc
CHe nov Hald 0" MINTAUM

a3 3 FHmlAle @3 Fef
2 ®oIMe

Fig. 3 Waveforms of the capacitor bank voltage, load
current and the induced voltage in the
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Table 1 Inductance and resistance of the line between
capacitor bank and crowbar circuit
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Fig. 8 Calculated capacitor bank voltage due to the
crowbar resistance is increased.
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Fig. 9 Calculated crowbar branch current due to the
crowbar resistance is increased.

e 324 IHxX|2

et ol itel aFul
AHEEHE AF 290 ) 5
M mHs) BE 50~100 mQ BE7 Hsio

23 A2H JiE
He g9 Al2ge ¥ 109 2ol

e A2y, R, AFLAR A

Atk BARAE adAe] B

+ @l AHgEE
A, AHAY @A,
4 AYE TAH

o ofj

587



ERBEMNEE 5ICH 125% 20024 128

Hworking voltage) 22 kVe 2 #H# % d7) (DC charger)E
ALEEE 3, AFAE WAz oldz 50 k], AAAEE 206
¢FQ) DC AAAE 6708 wHd d43ld F o= 300 kJ,
MMM AT 1236 gF i ot AR&StdTh =23 Fd 3§
Y 29 %A tEE HE dump paneld M3
Qar, AzxE71 4 geiitr mested W E dump® Aols F
29 AT AHAE WA 29 AHE P
7R B A v)AHeRE #4E 523 FxE 5ol 9
7 Hae] g AEE Algstdon, Aoy ddE A
023 pH/meltt. 238 g 100 mQog vk Ay
Well = g dzld Aol A A AlE F< VRAG(Vacuum
Rotary Arc Gap) Z=9A& AAlstd, %9 &AL o] &8}
At

arie Capeatab

i i
T

——
‘”,—

<

Capatiior Rank
Yodueo

O Cragen
Dump Parch

aE 10 7ol AFSE "HA nig Ajlado] Jiefr
Fig. 10 Block diagram of capacitive pulsed power
system used in this study

ARv 2YX 2+ TVS (Triggered Vacuum  Switch)
RVU-43 24 A8, 3 29X 34 2o
A4 B opdel, g Um 3 Aol A 5ol 7}
b, Avlet FAR Fa, X g4 AFE W ki

Fdol Aok 3E 20 RVU-43 L] HA48 Vel A eHS]

r 2 TVS (RVU-43)e| |zt Atek 9! % &4
Table 2 The specification and characteristics of TVS
(RVU-43)
Spec. RVU 43
Operating voltage kV 05 25
Operating current kKA 10 200
Maximum charge per pulse C 120
Delay turn on time gs <2
Electrical strength recovery time us 100
Service life (number of operations) 104
Trigger voltage kV 5
Trigger current kA
Trigger current length, not less than us 5
Dimensions
-diameter mm 150
-height mm 203
Weight kg 7
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