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A study is made of switching of cur rent  f rom an inductive storage by e lect r ical  explosion 
of a wire shunting an inductance in conformity with a model based on surface vaporizat ion 
waves. It is  established that the nature of the process  is determined by certain general ized 
dimensionless  p a r a m e t e r s  of the system. The modes of mos t  efficient t r ans fe r  of energy 
to the load are  determined.  

The d iagram in Fig. 1 corresponds  to the completion of charging of an inductive storage f rom an ex- 
ternal  energy source  and to the beginning of the process  of energy t r ans fe r  f rom the s torage to a load. K 
the initial conditions are  known, the final state of the sys tem (after cutoff of the current  in the branch R) is 
de termined di rec t ly  f rom the laws for the conservat ion of energy and magnet ic  flux [1]. However, the ve ry  
nature of the switching p rocess  remains  unknown. This p rocess  is considered here  in conformity with the 
model of a cur rent  disconnect  based on the concept of surface vaporizat ion waves during e lect r ical  explo- 
sion of a wire [2]. Since the abrupt r i se  in the res i s tance  of an exploding wire begins in the boiling stage, 
we take as initial conditions when t=0  and R = R  b ( res is tance of the disconnect at the boiling point), IL=0 ,  
I = I d = I  0 (it is a s sumed  the d ischarge  gap closes the load branch at t=0) .  If the initial mass  of the discon-  
nect  is m 0 and the energy of the e lec t r ica l  explosion per  unit mass  is q, then, assuming the metal  vapor is  
nonconducting, we obtain for  the res i s tance  of the disconnect 
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where Qd is the Joule heat deposited in the disconnect  f rom the t ime t = 0. It 
shouId be noted that it is  necessa ry  to determine the quantity q experimentally,  
since it may  be two to three t imes g rea te r  than the latent heat of vaporization 
under normal  conditions during ve ry  fast  explosions [3]. The circuit  in Fig. 1 
is descr ibed  by the sys tem of differential equations 

dl 
L s --~ + R I  d ---- O, 

dI L dlL 
Ls -2/-+ L--jU=O, 

I = Z d + Z  L- 

We then find the relat ions charac ter iz ing  the p rocess  of cur ren t  cutoff, 

i! R (t) Id -= Io exp - -  .) L dr, (2) 
0 e 

qd = Qo +o J J (3> 
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QL=Q0(L s +LL)2 Io J" (4) 

Here QL is the value of the energy t r an s f e r r ed  to the load, Q0 = t/2LsI~ is the initial energy  in the s torage,  
and L e = L S L L / ( L s +  LL) is the equivalent inductance of the c i rcui t  (with respec t  to the disconnect). 

Equations (2)-(4) make it possible to determine the efficiency of energy t r ans fe r  for incomplete d is -  
connection where I d ~ 0, and they t r ans fo rm into well-known equations when Id = 0 [1]. We calculate the 
cur rent  and voltage in the load. In our case,  the relation R(t) is not given, and therefore  it is impossible  
to use Eq. (2) direct ly.  We write it in the fo rm 

t did 2 
Le--- J= + R i d  2 = 0 (5) 

and add an equation which is obtained by differentiation of Eq. (1), 

dR__ 1 RnL2. (6) 
dt moq~ b ~' 

Eliminating I d from the equation system (5), (6), we obtain 

This equation permits  a reduction in order and i s  solved in the form 

( (7> 
d---[ = \ moqR b L eR b LeR / R3' 

(here the constant of integration is determined f rom the initial conditions). F o r  the subsequent analysis ,  
it is convenient to introduce the dimensionless  quantities 

Bb t R I d I L I d R Z e 102 
x=--~; r:--" id----- iL= �9 u.----- ----Tm-~" e %'  W '  A 

Integration of Eq. (7) gives for  the res i s t ance  

:[ (=§ x = -  t - -  i + ( A _ t )  ln 1 - -  , (8) 
r 

and af ter  substitution of Eq. (7) into Eq. (6), we find 

V '/ § u = r  1 - - -  X- t - -  . 

(9) 

(i0) 

The current  in the load is eas i ly  determined f rom the conservat ion of magnetic flux in the s t o r a g e - l o a d  

circui t  

where ist  = 1 / [1  + (LL/LS)]  is the stabilized value of the current  in the c i rcui t  (after cutoff of the cur rent  
in the disconnect  circuit).  

We now cons ider  three pa r t i cu la r  cases  separate ly .  

1. Low-energy  mode, A = LeI l /2m0q < i .  

In this ease, complete vaporizat ion of the disconnect  does not occur  and the variat ion in current ,  r e -  
sistance,  and voltage does not have the nature of an explosion. In fact, i t  is  c lear  f rom Eq. (8) that the 
quantity r is  bounded for  any x. The maximum value r M which is  reached in this mode when x -~ ~ is de-  
termined f rom 

1 i 
t - - -  r.~ ~ ~ _ A .  

r,, _ 1; 
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Figures 2-4 show r(x), u(x), and iL(x)/ist plotted in accordance with 
Eqs. (8), (i0), and (ii). For A< i, all three quantities reach their sta- 
bilized values when x~ ~, i.e., asymptotically. 

2. High-energy mode, A> 1. 

The res i s tance  of the disconnect  goes to infinity af ter  a finite ex- 
plosion t ime. 

r -+ co w h e n  x --> X e x ~  - ~ -  I -k  ( A - -  l )  I n  ( - -  . ( 1 2 )  

At this t ime, the cur ren t  in the disconnect  differs f rom zero  

l/i 1 
x ~ ~ i d = .1 ' 

and, consequently, the voltage on it goes to infinity, u-* co when x-~Xex. 
]Physically, this means  that e lect r ical  explosion of a wire does not lead 
in this case to cur rent  cutoff in this branch. Because of the overvoltage 
( theoret ical ly infinitely great),  there should occur  a breakdown of the 
gap which is formed af ter  explosion of the disconnect.  We point out that 
it is  impossible  to avoid this breakdown by any means  because one of the 
conservat ion principles (for energy or  for  magnetic flux) would other-  
wise be violated. The current  in the discharge channel will flow until 

the total energy absorbed in this branch from the time t = 0 reaches the value defined by Eq. (3). Following 
this, the discharge is quenched regardless of the value of the resistance in the discharge channel. The na- 
ture of the variation of resistance, current, and voltage in the disconnect branch after breakdown of the gap 
is determined by the specific discharge conditions. The duration of the electrical explosion, Xex , decreases 
with increase in the parameter A for 

i i . fst 

As A inc reases ,  Xex dec reases  and the switching becomes poo re r  (the disconnect cur rent  i d cannot be r e -  
dueed significantly af ter  the t ime tex and the load cur ren t  i L cannot be increased).  The main part  of the 
switching p rocess  is accomplished in an uncontrolled fashion af ter  breakdown of the gap. The curves r(x), 
iL(x) , and u(x) for  A=2  are  shown in Figs .  2, 3, and 4. 

3. Cri t ical  mode, A = i .  

In this ease, Eqs. (8)-(11) a re  considerably simplified: 

1 1 
r = 1 ~---~-~x; id = V~[ - -  2x; t$ ~-~ ]/-,-I ~-'~x ' iL = ist(t - -  l ~/T~2~ 2x)" 

The quantity r goes to infinity for  Xex = 1/2. Then i d = 0, u ~  ~o. This means the e lec t r ica l  explosion of the 
disconnect  is e i ther  completely unaccompanied by breakdown of the gap (if the d ischarge  cannot be formed 
during the short  t ime in which the overvoltage pulse is effective) or a breakdown is s tar ted  but the d is -  
charge  cur ren t  is ve ry  low and dies out quickly. 

In conclusion, we turn to the question of the l imits of applicability of the surface vaporizat ion model 
assumed.  The problem is r a the r  complex and requires  special consideration.  However, it is  c lear  f rom 
Eq. (12) that tnhe t ime Xex can become as smal l  as desi red through an increase  in A. At the  same t ime,  it 
is  d e a r  that the veloci ty of the surface vaporizat ion wave front (v) is finite (it cannot exceed the velocity 
of sound in liquid metal) and therefore  tex = l / v ,  where / is  some c ross - sec t iona l  dimension of the diseon- 
neet  (for a wire,  the radius; for  a foil, the half-thickness).  This inequality also determines  the limit of 
applicability of the surface vaporizat ion model; if  A is so large that Eq. (12) is inconsistent  with the in-  
equality, then the model is inapplicable. F r o m  published data [3], the velocity v does not exceed 200 m / s e e ,  
which cor responds  (for l < 0.1 ram) to a rex of tens and hundreds of nanoseconds.  Such switching t imes 
have been observed.exper imenta l ly  [2, 41. 
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