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A n a l y t i c a l  i n v e s t i g a t i o n s  w e r e  m a d e  of  e l e c t r o m a g n e t i c  p r o c e s s e s  wi th  the w o r k  of  an e x -  
p l o s i v e - t y p e  m a g n e t i c  g e n e r a t o r ,  in a s e r i e s - c o n n e c t e d  i n d u c t i v e - t y p e  a c c u m u l a t o r  and a 
c u r r e n t  b r e a k e r  b a s e d  on an e x p l o d i n g  w i r e .  A so lu t ion  is o b t a i n e d  in d i m e n s i o n l e s s  f o r m  
for  a m o d e l  of  a c u r r e n t  b r e a k e r  b a s e d  on an o h m i c  r e s i s t a n c e ,  whose  va lue  r i s e s  l i n e a r l y  
wi th  t h e t e m p e r a t u r e .  The cond i t i ons  a r e  d e t e r m i n e d  u n d e r  which  an induc t ive  load  can  be 
c o n n e c t e d  in p a r a l l e l  to  the  c u r r e n t  b r e a k e r ;  u n d e r  t h e s e  c i r c u m s t a n c e s ,  the  c u r r e n t  of the  
load  b r a n c h  r e m a i n s  s m a l l  d u r i n g  the  whole c h a r g i n g  s t a g e .  

Explosive-type magnetic generators are the most powerful sources of pulsed currents. Their use in 
experimental physics is frequently limited by the relatively large compression time of the magnetic flux 
[I]. To eliminate this shortcoming, the circuit for the connection of an explosive-type generator illustrated 
in Fig. la has been proposed and verified experimentally [I, 2]. 

Here 1 is the explosive; 2 is a liner ; 3 is a cassette; 4 is a spark gap; 5 is an electrical explosive- 
type current breaker; 6 is a load solenoid. During the compression of the magnetic flux, the load is dis- 
connected, and the accumulation of energy takes place in the inductance of the connections. At the end of 
the process of the collapse of the liner, there is an electrical explosion of the wire, its resistance rises 
sharply, and the voltage pulse formed breaks down the spark gap. After a short time, the energ~y from 
the inductive accumulator is transmitted to the load. To simplify the analysis, we shall not take account 
of the parasitic parameters of the circuit: the ohmic resistances of the generator, the connections, and 
the load solenoid, as well as the inductance of the current breaker. Then the circuit takes on the form 
of Fig. lb, where the following notation is used: L I is the inductance of thegeaerator; L 2 is the inductance 
of the accumulator; R is the resistance of the current breaker; L 3 is the inductance of the load. 

It is usually assumed [3, 4] that the first stage in the work of a current breaker is its heating up to 
the boiling point, while the second stage is the breaking of the current as the result of a sharp rise in the 
resistance during the process of explosive vaporization. 

Sineethe duration of the second stage is much less than that of the first stage, conditions close to 
optimal will be achieved if the boiling point of the current breaker is reached at the moment of the total 
collapse of the liner. In accordance with this, we assume that for a period of time T determined by the 
length of the generator and the detonation rate, there is compression of the flux and heating of the current 
breaker up to the boiling point; here the load L 3 is disconnected. The electrical circuit of Fig. Ib will be 
described by 

d (LI) + Rx = o (1) 
dt 

dR __ uRo RI~, L ~ LI (t) @ L~ 
dt cpmo (2) 
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where  Ro, m o a re  the ini t ial  va lues  of  the r e s i s t a n c e  and 
m a s s  of  the c u r r e n t  b r e a k e r ;  o~, ep, a re  the t e m p e r a t u r e  
coef f ic ien t  of  the r e s i s t a n c e  and the spec i f ic  heat  c apac i ty  
of  the m a t e r i a l .  

The quant i t ies  c~ and Cp a re  functions of  the t e m p e r a -  
t u r e .  We shal l  use  the m e a n  value of  the coef f ic ien t  of  
t h e r m a l  r e s i s t a n c e  p=c t /Cp  in the range f r o m  r o o m  t e m p e r a -  
t u r e  to the boiling point .  This  coeff ic ient  m u s t  be d e t e r -  
m ined  f rom the e x p e r i m e n t a l l y  found dependence  

n = , o ( t + ~  ~Q) 

where  Q is the e n e r g y  a b s o r b e d  by the wi re .  

Ques t ions  of  the e f f e c t i v e ' u s e  of  exp los ives  and the opt imal  layout  of  b u s b a r s  a re  d i s c u s s e d  in [5]. 
The p r e s e n t  a r t i c l e  d i s c u s s e s  the p rob l e m  of the compat ib i l i ty  of the p a r a m e t e r s  of  the g e n e r a t o r  and the 
c u r r e n t  b r e a k e r  f r o m  the condi t ion of  an e l e c t r i c a l  explos ion  at the end of  the cyc le  R(T) =R c, where  t~ c 
is the r e s i s t a n c e  at the boi l ing point.  The layout  is given,  i .e. ,  b u s b a r s  of  cons tan t  width. We then obtain 

L = L0 (1 -- 1--/,t / )] t~], L0 = L1 tO) + L2 

where  V =L0/L2 is the tuning coeff ic ient .  

We e l imina te  I f r o m  the s y s t e m  of  equa t ions  (1), (2), fo r  which purpose  we wri te  (1) in the fo rm 

t l 

i 1 o 1 ~ IedL + Rl~ '~ -..-5- LI-  - -  "T" L~176176 = 0 
2 J  ' z z 

0 0 

and, subs t i tu t ing  the va lues  of  the in tegra l s  found f r o m  (2), (3), we obtain 

(3) 

We in t roduce  the d i m e n s i o n l e s s  quant i t ies  
B Lo- t 

In To=Y' ~--~oT =T~ T" =x,  

a = ~ ( 1 - -  i/~t), 

Subst i tut ing t h e m  into the las t  equal i ty ,  we find 

L = l, Re /" 
~ = ' c ,  To =~ 

b = ;~rJo~.. 
217~,t) 

�9 d Y ,  b a y - - e U + t - - 2 [ l - -  ( l - - t / T I ) x l ~  ----0 

o r  in in t eg ra l  f o r m  
Y 

I I + b +  ay--exp y 
0 

(4) 

n u m e r i c a l l y .  
f o r m  

The in t eg ra l  in the r i g h t - h a n d  pa r t  is not e x p r e s s e d  in e l e m e n t a r y  funct ions and mus t  be d e t e r m i n e d  
With x =1,  y =in  r c ,  l = 1 / 7 7 ,  and the condi t ion for  exp los ion  at the end of  a cyc le  a s s u m e s  the 

ln% 

S dy (5) ~l=expa i + b + ay - -  exp y 
0 

The quant i ty  r c is a phys ica l  cons tan t  o f  the m a t e r i a l  of  the c u r r e n t  b r e a k e r .  In a c c o r d a n c e  with [1], 
we have fo r  A1, r c = 1 5  , and fo r  Cu, r c = 2 0 .  It can be seen  f r o m  Eq. (4) that  the boi l ing point is not r e a c h e d  
with any va lues  o f  a and b, but on ly  at va lues  which sa t i s fy  the condi t ion 

I + b + a l n r c - -  r~>~O (6) 

s ince ,  o t h e r w i s e ,  d y / d x  r e v e r t s  to z e r o  a t  s o m e  va lue  of  t < T, i .e. ,  the r e s i s t a n c e  o f  the c u r r e n t  b reake  r cease  s 
to  r i s e  before  the v a l u e r  c is r eached .  
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Each  p a i r  of  v a l u e s  of  a and b s a t i s f y i n g  (6) c o r r e s p o n d s  to a va lue  of V d e t e r m i n e d  by cond i t i on  (5). 
Thus ,  a c o n n e c t i o n  i s  e s t a b l i s h e d  be tween  ~'0, b, and V. T h e s e  d e p e n d e n c e s  fo r  A1 and Cu, p l o t t e d  u s i n g  an 
e l e c t r o n i c  c o m p u t e r ,  a r e  shown,  r e s p e c t i v e l y ,  in F i g s .  2 and 3. I t  c an  be s e e n  tha t  wi th  s u f f i c i e n t l y  l a r g e  

v a l u e s  of  T O and f ixed  v a l u e s  of  ~ the  d e p e n d e n c e s  of b on T o a r e  l i n e a r .  

L e t  us  c a l c u l a t e  the  c o e f f i c i e n t  of  c o n s e r v a t i o n  of  the  m a g n e t i c  flux: 

k - -  r ( T )  L ( T )  _ ~ ( i )  
loLo ~] 

Set t ing  x = 1 ,  y = in  r c in Eq.  (4), and t a k i n g  into accoun t  tha t  

d..y = T d g _  ~RoT l~ 
dx dt mo 

we find 

k2 = 1 + b+  aln % - -  r c (7) 

The va lue  of  k 2 d e t e r m i n e s  the  m a g n e t i c  e n e r g y  

Q2 = k~ (I~176 
2L~ 

s t o r e d  in the  i nduc t ive  a c c u m u l a t o r  a f t e r  a c t u a t i o n  of  the  g e n e r a t o r .  ~'0, b, and  ~? m u s t  be  so s e l e c t e d  tha t  
k wi l l  be a s  c l o s e  a s  p o s s i b l e  to  un i ty .  F i x i n g  the  v a l u e s  of  k 2 and V in e x p r e s s i o n  (7), we ob t a in  a d e p e n -  
d e n c e b e t w e e n b  and T 0. The c u r v e  of  t h i s  d e pe nde nc e  i n t e r s e c t s  the  c o r r e s p o n d i n g  s t r a i g h t  l ine  ( F i g s .  2, 3) 
at  a po in t  which  e n s u r e s  a g iven  c o e f f i c i e n t  of  c o n s e r v a t i o n  of  the  m o m e n t u m  of  the  f lux at  the  end of  a c y c l e  

of  the  e x p l o s i v e - t y p e  m a g n e t i c  g e n e r a t o r .  

T h e s e  po in t s  a r e  c o n n e c t e d  by the  do t t ed  c u r v e s  in F i g s .  2, 3. It can  be s e e n  f r o m  the f i g u r e s  tha t  
the  w o r k i n g  r a n g e  of  T O f o r  A1 i s  30-100 and fo r  Cu, 3 0 - 1 3 0 .  An i n c r e a s e  in the  va lue  of  T 0 above  the  u p p e r  
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l imi t  does not lead to a r i s e  in k, s ince ,  in this case ,  the l o s se s  of  e n e r g y  will  be d e t e r m i n e d  by o the r  f ac to r s ,  
which a re  not taken into account  he re  (for example ,  the s l id ing con tac t s  of  the l iner) .  A d e c r e a s e  in the value 
of  T 0 below the lower  l imi t  leads  to a s i tuat ion in which m o r e  than ha l f  of  the e n e r g y  evolved  by the exp los ive -  
type magne t i c  g e n e r a t o r  is a b s o r b e d  by the c u r r e n t  b r e a k e r .  

The solut ion obta ined p e r m i t s  an exact  de t e rmina t ion  of the s tate  of  the s y s t e m  at only one point, i .e . ,  
at the end of  the f i r s t  s tage ,  r(1) = r c ,  i (1 )  = k~ ,  where  k is d e t e r m i n e d  by the equal i ty  (7). These  data 
a re  suff ic ient  fo r  ca lcu la t ion  of  the second s tage ,  i .e. ,  the c u r r e n t  b r e a k e r ;  however ,  the cou r se  of  the p r o -  
c e s s  dur ing the pe r iod  of  t ime 0 - < t -  T is of  definite in te res t ,  i .e . ,  the f o r m  of the c u r r e n t  and vol tage pu l ses  
in the c u r r e n t  b r e a k e r .  Simple app rox ima te  e x p r e s s i o n s  can  be obta ined fo r  i(x), r(x), and u(x) =i(x)r(x) .  
B e a r i n g  in mind  that  the damping  of  the magne t i c  flux t akes  place g r adua l l y  with t ime ,  f r o m  I0L 0 to kIoL0, 
we obtain an eva lua t ion  fo r  the c u r r e n t :  

k / z < i < t / z .  

Here  i (0)=1,  i(1)=k77. 

A s s u m i n g  un i fo rm damping  of  the flux with t ime ,  we obtain 

F r o m  Eq. (2) it follows that  

i ~  ~- - ( l - -k )~  (8) 
t - - ( t - - t / ~ ) x - '  ' 

-r 

In r - -  3R~176 I i~dx. 
D 

Neglec t ing  the damping  of  the flux, i .e . ,  a s s u m i n g  

we have 

In r ~-~ '~R~176 (t f l -- t) ~ 2b'(t / l -- t) 
too(l-- l /n) ~o(t-- t/~l) 

Out of  th is  t he re  flows an approx ima te  condi t ion fo r  explos ion  at the end of  a cyc le  for  k = l  

2b q ! T o In r o ~ t , (9) 

If  k ~ l ,  then,  taking account  of  the eva lua t ion  for  i, we can wr i te  the fol lowing evalua t ion  fo r  r:  

ck:~ d~ f ~x .) 12 *( ln r < c --fr- 
o 0 

wlmre c is an as yet  u n d e t e r m i n e d  coef f ic ien t  of  p ropor t iona l i t y .  Rep lac ing  k by a l i nea r ly  d e c r e a s i n g  func-  
t ion [analogous to (8)], and d e t e r m i n i n g  c f r o m  the condi t ion r ( 1 ) = r  e, we obtain the approx ima te  equal i ty  

r 1 t] lnrc (10) 
r ~exp[1 --(t  --k).c] 2 L I - - ( I  -1/11), k ~ (n--l)  

Dependences  of  i(x) and u(x) fo r  A1 a re  shown in F igs .  4, 5. 

Let  us  c o n s i d e r  a modi f i ca t ion  of  the c i r cu i t  of  Fig.  lb  (the load L 3 is connec ted  to the c u r r e n t  b r e a k e r ,  
and the s p a r k  gap 4 is e l imina ted) .  With a suff ic ient ly  l a rge  value of L3, the c u r r e n t  of  the load b r a n c h  in 
the f i r s t  s tage  is smal l ,  the c i r cu i t  of  the unit  is s impl i f ied ,  and e n e r g y  l o s s e s  in the spa rk  gap a re  e l i m -  
inated.  If  13 <~I, then L3(dI3/dt) =llR, whence 

l 

RoT ~ irdl 
ia ( l - - I / n )  L3 

w 

1 

Neglec t ing  the damping of  the flux, i .e . ,  a s s u m i n g  k = l ,  we obtain  

R.~7'exp(--lnr,./(q--l)) ~ ~' t n r c ~ - - E * ( l n r ~ ' l  t.~-~1) j 
~r - T ~ - ~ 7 ~  L ~'* (%r 1] - -  1 ]  

a :  
a 

where  E,* (,) = \(e t '0dr is an in teg ra l  indicat ing function,  tabula ted,  fo r  example ,  in [6]. 
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With x = l  and 10 ~ <- 100, the quantity in square  b racke t s  v a r i e s  in the range 10.3-12.8. It can be 
set  equal  to 10; if, in addition, it is taken into cons idera t ion  that  

exp [-- in rc / (~1 -- t)] .~ 1 

and if the value of 1/V is neglected in c o m p a r i s o n  with unity, we then obtain 

H0T i 3 ( t ) ~ i O ~  . 

The condition with which it is poss ib le  to connect the inductive load di rec t ly  in pa ra l l e l  with the c u r -  
rent  b r e a k e r  a s s u m e s  the fo rm 

(~)/6(U ~L3/IORo T>> l . (11) 

Thus,  the e l ec t romagne t i c  p r o c e s s e s  with the charging of an inductive accumula to r  f rom an exp lo-  
s i ve - type  m a g n e t i c g e n e r a t o r  through a cu r ren t  b r e a k e r  a re  de te rmined  by th ree  d imens ion less  p a r a m e t e r s  
iv 0 =L0/RoT, b =fiLoIo2/2mo/ 2mo,~l=Lo/L 3) and the d imens ion less  t ime (x = t /T ) .  

The condition for  the ach ievement  of  the boiling point of the cur ren t  b r e a k e r  at the end of a cycle of 
the exp los ive- type  magne t ic  g e n e r a t o r  connects  the p a r a m e t e r s  To, b, and V by a dependence which, with 
fixed values  of ~? and sufficiently large va lues  of T 0, is l inear  (Figs.  2, 3). 

The woc king range of the p a r a m e t e r s  T O and b l ies  in the region of values  b- -0 .5-13,  T0=30-100 for  
A1, 70=30-130 for  Cu. 

With the condition ~L 3 >>10RoT , the inductive load can be connected d i rec t ly  in pa ra l l e l  with the c u r -  
ren t  b r e a k e r .  
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