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A Vacuum Gap Switch triggered by Exploding Wire

Tatsuya IT0, Saburo TAKANO and Juichi IRISAWA

In the studies of gap switches, there has been the main theme to develop of high speed switches with high
reliability that is used in nuclear fusion and high energy physical experiments. Various switches with small delay
time and jitter have been developed, but they have some problems, such as high cost complication.

However, switches with the delay thme of about 10 u sec are used in various places, for example a protection
switches in JT-60. These switches with low cost, easy handiness and high reliablility are available if simple

triggering circuits are possible.

In this paper, a vacuum gap with simple triggering circuit that can be triggered by exploding a wire between
the electrodes is proposed, and constructed. From the experimental results, the dependences of the starting delay
time on the gap spacing, the applied voltages and distance between the main gap and a wire were investgated.
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L%+(R+ r)i+%q = Uc (1)
Vw =7 'i (2)
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W = 44.33P/MJ(6+273) -K (3)
log P = G—F/(6+273) (4)
K = exp{— k(60— 0)} (5)
r 6 : Temperature of wire (‘C)

6, : Boiling point of a pressure

M : Atomic weight

P : Pressure (atm)

W : Rate of vaporization (g/cm - s)
L F, G, k:Constant
hg = a(l—T/Tc)** (6)
- hg : Heat of vaporization (J/g)

T : Temperature of wire (K)

Tc : Critical temperature (K)
L 2 : Constant
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Table 1 Initial value of circuit parameters

Inductance L T 37 (uH)
Resistance R T 0459 (Q)
Caphitance C 123 (uF)
Charging voltage V¢ 600 (V)
Diameter of wire ¢ 0.055 (mm)
Length of wire 1 6 (mm)
Temperature T 20 (°C)
Resistivity 1.7 (gQcm)
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Table 2 Thermal properties of copper wire

Atomic weight 63.55

Density (g/cm?) 8.93

Volume resistivity 1.70{1+3.95x 107 (Temp -20)} (20 ~ 977)
(«Qcm){8 . 1{ 1. 45 x 10-*(Temp -977)} (977 ~ 1083)

16.5%107%{1+2.35X10~* (Temp-20)}

38.5x1072{1+2.33x 10~* (Temp-20)}

PIOS

Expansion coefficient
Specific heat (J/g°C)

| Melting point (C) 1083
@ {Heat of dissolution (J/g) [862
S |Expansion coefficient 0.0415
© [ Density {g/cm®) 7.93{1—9.59Xx10~ 5(Temp 1083)}
2| Volume  resistivity {(uficm)|21. 1{1+4.05x10~* (Temp-1083)}
= | Specific heat (J/g°C) 0.494
Boiling point ('C) 2582
© | Vapor pressure log,,P (P:atm)|5.552 — 15851/(Temp+273)
% | Heat of vaporization (J/g) 5654{1 —(Temp+273)/8280}°*

EOBBELE FTRTAHTED LI

Critical temperature (K)|8280
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Table 3 Calculated vaporize time

Diameter of Vaporize time {usec)

wire (mm) Cu Au Ag Al Ni

2.5%X10°? 1.8 1.4 1.5 1.3 -

5.0x10°? 4.7 3.6 4.0 3.3 4.3
10X 102 16.2 1.2 13.0 10.0 9.9

{ =10 (mm), C = 123 (uF), L = 3.7 (¢H), R = 0.495(Q), V. =
600(v)
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Table 4 Delay time andJitter of the gap

Delay time Jitter

(usec) (nsec)
ca  $7 000 tmm) 7.84 90
Au fjeo(-?ji §mm) 363 40
ag I 00 ) 651 70
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