
EXPLOSIVE SWITCHING OF AN ELECTRIC CURRENT 

E. I. Bichenkov and V. A. Lobanov UDC 621.316.5 

Experiments  a re  descr ibed involving a c i r cu i t -b reake r  element capable of switching a 
cur rent  with a line density of up to 3 "105 A / c m  in a t ime of 5 p s e c .  A suggested appli- 
cation for  this device is explosive-magnet ic  genera tors  with tuned bank inductance. 

1. The energy density s tored in the magntic field of inductor banks produced in recent  years  is sev-  
e ra l  o rders  of magnitude la rger  than the eriergy density of capacitor  banks, and this holds out promise  for  
using inductor banks in experimental  physics.  The largest  energy s torage  levels have been attained in 
s teady-s ta te  superconducting banks [1], and in pulsed banks, fed f rom explosive-magnet ic  genera tors  (EMG' s), 
operat ing on the principle of fast compress ion  of magnetic flux [2, 3]. In the lat ter  case the bank has a 
small  inductance (1 to 20 nil), but the current  reaches  enormous values (up to 3 �9 108 A). 

The energy s tored in a magnetic field can be utilized by means of a c i r cu i t -b reake r  in the bank c i r -  
cuit and a switch in the load circui t .  Fo r  this purpose one uses switches based on e lec t r ica l  explosion of 
fine wires [4] or  on mechanical  disintegrat ion of large conductors  by means of explosive switches [5-7]. 
Here the efficiency of t r ansmiss ion  of energy to the load depends on the active load res i s tance  and on the 
ratio of the bank and load inductances. Low-inductance banks can operate well only with low-inductance 
loads, but switching of large cur ren ts  into a load with an appreciable active impedance produces very  large 
voltages. These features  of energy t r ans fe r  f rom an inductive bank make it difficult to use  explosive-  
magnetic genera tors  as a current  source  for quite a number of experiments .  

To reduce the current  t ransmi t ted  to the load and to increase  the bank inductance, an EMG scheme 
with a tuned bank inductance [8] has been suggested and experimental ly  verif ied.  In this scheme the bank 
is initially a group of N coils connected in parallel ,  which are  then switched to be in se r i es .  The initial 
bank inductance is low, and the bank operates  efficiently with the EMG as an ene rgy-s to rage  device. After 
the coils are  switched the bank current  decreases  by a factor  of N, while its inductance increases  by a 
factor  of I~l 2. This a r rangement  allows one to match the bank with prac t ica l ly  any load by adjusting the in- 
ductance. 

The aim of the present  paper  is to develop and experimental ly  determine the operating t ime and the 
maximum line current  density that can be interrupted by an individual switch element, with reference  to a 
two-dimensional  explosive magnetic genera tor  with a tuned bank inductance. Since two-dimensional  EMG's 
operate  sa t i s fac tor i ly  at a cur ren t  of I ~ 5 �9 105 A/cm,  it is n e c e s s a r y  that each switch element should inter-  
rupt a current  of this o rder .  If this were not so the switch would be too bulky and difficult to control  be- 
cause of the large number of para l le l -connected  elements .  

2. The par t icu lar  layout features  of the plane EMG'S (Fig. 1) determine the location of the switch. 
The c i r cu i t -b r eake r  element consisted of segments  of a metal r ing (1) of height 12 ram, wall thickness 5 
mm, and internal diameter  80 ram, attached on one side to the cur rent  buses (2), and on the o the r  side to a 
bank coil (3). The wails of the ring had cutouts (4) of width 5 mm and depth 4 mm to promote  acce lera ted  
rupture of the ring at these points. Inside the r ing there  was an explosive switch charge (5) of thickness 5 
ram. There  was provision in the experiments ,  in the event of damage to the charge,  for  shunting of the 
current  source  before the current  would be broken by the explosion of the ring walls.  
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It is c l e a r  f rom Fig .  1 that  the c i r c u i t - b r e a k e r  e lement  should have a min imum inductance L1, s ince 
the energy  U 1 s t o r ed  in it, 

L1 
U I = U ~  LI~-L2 ' 

i s  c e r t a i n l y  lost  when the c u r r e n t  is b roken  and cannot be used  subsequent ly .  Here  U 0 is the ini t ia l  energy 
t r a n s m i t t e d  by the source  to the swi tch  and to the bank with inductance L 2. In o r d e r  to reduce  the in-  
ductance of the b r e a k e r  e lement  in t hese  e x p e r i m e n t s  we used l a t e r a l  me ta l  patches  to draw the magnet ic  
f ie ld  away f r o m  pa r t  of the r ing  volume.  

The expe r imen t a l  a r r a n g e m e n t  c o r r e s p o n d e d  to that shown in F ig .  1, with the d i f ference  that a ca -  
pac i to r  bank with C ~ 10 -2 F and vol tage up to 5 kV was used to obtain l a rge  pulse  cu r r en t s ,  ins tead  of an 
e xp lo s ive -magne t i c  g e n e r a t o r .  The c a p a c i t o r  bank d i s cha rged  into the c i r c u i t - b r e a k e r ,  which was con -  
nec ted  to a co i l  of the inductor  bank. The explos ive  switch f i r ed  at the moment  of maximum c i rcu i t  c u r -  
rent ,  shunting the d i scha rge  c i r cu i t  of the capac i to r  bank and then in te r rup t ing  the cur ren t  in the inductor  
bank coi l .  

In the expe r imen t s  the cu r r en t  was m e a s u r e d  in the capac i t o r  bank c i rcu i t  and in the inductor  bank 
co i l .  The s igna ls  f rom two inductive s e n s o r s ,  loca ted  in a coil  of the solenoid  and in front  of the  c i r c u i t -  
b r e a k e r ,  were  suppl ied via in teg ra t ing  RC networks  to the a m p l i f i e r s  of a type OK-17M osc i l l o scope .  O s -  
c i l l o g r a m s  f rom one tes t  a r e  shown in F ig .  2. The upper  t r a c e  shows the c u r r e n t  in the capac i t o r  bank c i r -  
cuit,  and the lower  t r a c e  shows the c u r r e n t  in a coi l  of the inductor  bank. The m e a s u r e m e n t s  made e s t a b -  
l i sh  that  r e l i ab l e  shunting of the sou rce  cu r r e n t  was accompl i shed  and that  t he re  was no effect on subse -  
quent p r o c e s s e s  in the capac i to r  bank c i r cu i t .  Agreemen t  was obse rved  (within the a c c u r a c y  of m e a s u r e -  
ment} in the capac i t o r  bank d i s c h a r g e  t i m e s  with the c i r cu i t  shunted by the c i r c u i t - b r e a k e r  and without 
shunting. 

The r e s u l t s  of the expe r imen t s  showed that  t h e r e  was uncontrol led  b reak ing  of the c u r r e n t  at a c e r -  
t a i n t i m e n e a r  the moment  of max imum cur ren t ,  when the c i r cu i t  c u r r e n t  was 1 ~ 4 �9 105 A. The t ime  for  
c u r r e n t  in te r rup t ion  was 18 to 25 p sec .  A poss ib l e  cause  for  this  is  that  the magnet ic  p r e s s u r e  (B ~ 3 �9 105 
G, P =B2/8~r ,~ 4.103 aim) causes  breakdown of one of the cutouts and exc i tes  an e l e c t r i c  a r e  which may p ro -  
duce combus t ien  and detonation of the explos ive  switch p r i o r  to f i r ing  of the de tonator .  Detonation of the 
explos ive  switch is accompanied  by h igh - speed  s c a t t e r i n g  of the explosion produc ts  which may  blow away 
the a r c  and in t e r rup t  the c u r r e n t  [6]. 

When the cu r r en t  was r educed  to IX 105 A the c i r cu i t  began to b r e a k  at the p r o p e r  t ime  and o c c u r r e d  
in 5 ~ sec .  An i n c r e a s e  in c u r r e n t  by a f ac to r  of two i n c r e a s e d  the c i r c u i t - b r e a k  t ime  to 50 ~ sec .  The 
s t a r t  of opera t ion  of the c i r c u i t - b r e a k e r  coincided with the detonator  f i r ing  the explos ive  switch.  Since 
in t e r rup t ion  of h igh - l eve l  c u r r e n t s  in inductive c i r cu i t s  p roduces  l a rge  vol tages ,  an i n c r e a s e  in c i r c u i t -  
b r e a k  t ime  is na tu ra l ly  a s s o c i a t e d  with pos s ib l e  breakdown and the appea rance  of e l e c t r i c a l  a r c s  at the 
points  of rup tu re  of the r ing .  

F o r  subsequent  e x p e r i m e n t s  the c i r c u i t - b r e a k e r  was improved .  Copper  p l a t e s  of th ickness  3 mm 
were  a t tached  on the outs ide ,  oppos i te  to the cutouts in the r ing,  to inhibit breakdown of the  c i r cu i t  due to 
magnet ic  p r e s s u r e .  If breakdown of the r ing  produces  an iner t  medium with high e l e c t r i c a l  s t rength,  one 
can avoid the fo rmat ion  of concen t ra ted  a r c s ,  which a r e  an obs tac le  to r ap id  in te r rup t ion  of the cu r ren t .  
With th is  goal an a u x i l i a r y  explos ive  charge  was f i r e d  before  the s c a t t e r e d  e lements  a r r i v e d  at the pos tu -  
la ted points  of r ing  d i s in tegra t ion ,  and th is  c r e a t e d  an a tmosphe re  of explos ion produc ts  with a low e l e c -  
t r i c a l  conduct ivi ty .  With this  e x p e r i m e n t a l  a r r a n g e m e n t  c u r r e n t s  of I ~- 3 �9 105 A could be in te r rup ted  in a 
t ime  of 5 ~ sec .  

Since the p a r a m e t e r s  d e t e r m i n e d  for  the c i r c u i t - b r e a k e r  e l ements  a r e  c lose  to the opt imum ope ra t -  
ing condit ions of two-d imens iona l  explos ive  magnet ic  g e n e r a t o r s ,  it is evident that  th is  design can be fol -  
lowed to produce  exp los ive  magnet ic  g e n e r a t o r s  with a tuned inductor  bank, and one can subs tan t i a l ly  im-  
Prove the pos s ib l e  uses  of explos ive  g e n e r a t o r s .  
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