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Energy t r ans f e r  f rom an inductive s torage is considered for two types of sys tems:  a dis-  
connect with an in t r ins ic  paras i t ic  inductance for an inductive load and a purely res is t ive  
disconnect  for a res is t ive  load. Solutions are  obtained for  the voltage, power, and energy 
t r a n s f e r r e d  to the load. The dependence of the efficiency of the device on its pa ramete r s  
is established.  

1. T rans fe r  of Energy f rom an Inductive Storage to an Inductive Load Including the Paras i t i c  In-  
ductance of the Current  Disconnect.  The e lec t r ica l  circuit  of Fig. 1 cor responds  to the differential equa- 
tion 

Le/ d" + R I  d = O, 

where L e =Ld+ L L L / ( L +  L L) is the equivalent inductance of the c i rcui t  (with respec t  to the disconnect). 
Considering the initial conditions (t = 0, IL=  0, I=Id=I0)  , we then find 

= I 0 exp - -  ~ t I d 
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These relat ions a re  s imi la r  to the equations obtained in [1] for  a purely res is t ive  disconnect;  the dif fer-  
ence is that in the present  case L e has the additional t e rm L d and Qd, the additional t e rm QoLd/L.  The 

I L r -  [~I L 

Fig. 1 

Fig. 2 

la t ter  quarrtity is the magnetic  field energy s tored in the inductance of the discon-  
nect at the initial t ime. Thus, with a paras i t i c  inductance present  in the disconnect, 
the same fract ion of the energy is t r ans fe r red  from the storage into the load as in 
the case of a noninductive disconnect, although the disconnect p rocess  takes place 
in a different way. In par t icular ,  the energy absorbed by the disconnect  is different; 
the magnet ic  energy s tored in the parasi t ic  inductance is completely absorbed, in 
addition to a cer tain fract ion of the s tored energy.  Because of this, the total effi-  
ciency of the sys tem is lowered. The nature of the p rocess  of energy t r ans fe r  is 
p r imar i ly  determined by the value of the pa r ame te r  A = LeI2/2m0q , where m 0 and q 
a re  the initial mass  of the disconnect and the specific energy of the e lect r ical  ex- 
plosion. All the express ions  obtained in [1] for  the dimensionless  quantities char -  
ac ter iz ing  the ene rgy - t r ans f e r  p rocess  remain  valid. It should be noted that a l-  
though the voltage U applied to the load and disconnect  has an inductive component 
LI~, in this case,  in addition to the res is t ive  component Rid, the expression for the 
dimensionless  quantity (u= U/U 0) remains  the same as that when Ld= 0, and only the 
initial value 
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Uo = U(0) =(1 -- L~/Le) B h [o 

is  changed. 

2. Energy Trans fe r  f rom an Inductive Storage to a Resist ive Load. F i r s t  of all, we point out the 
basic difference between energy  t rans fe r  into an inductive load and into a purely  res is t ive  load. In the 
f i rs t  case, as is c lear  f rom the equations for Qd and QL, the value of the cur ren t  in the disconnect (or 
load) branch completely determines  the value of the energy t r an s f e r r ed  to the load and that left in the 
s torage.  In par t icular ,  the energy t r ans f e r r ed  to the load for complete cutoff is determined only by the 
initial conditions and does not depend on the manner  in which the cutoff is accomplished in t ime. This en-  
e rgy  is not changed even if the method of cutoff is i tself changed, for example, by replacing e lec t r ica l  ex- 
plosion of the cur ren t  disconnect  by a purely  mechanical  rupture.  A different situation a r i ses  in the t r ans -  
fer  of energy to a purely res is t ive  load. In this case,  QL is not determined by the value of the cur ren t  I L 

t 
i tself  but by the entire integral  .[BLIL z (t) dt , i .e. ,  i t  depends on the nature of the disconnect  p rocess .  The re -  

0 ,. 

fore,  it is impossible  to determine the energy t r ans f e r r ed  to the load for  total cutoff me re ly  through the 
initial conditions; it i s  cer ta inly neces sa ry  to take into account the nature of the disconnect p rocess .  F o r  
example, if  instantaneous cutoff is  accomplished,  all the s tored energy is t r an s f e r r ed  to the load. In fact, 
no mat te r  how rapidly the disconnect  p rocess  occurs ,  the power in the disconnect  is  l imited [it cannot ex-  
ceed the value I20R~/R(t)], and therefore  Q d ~  0 when t ~ 0 .  We now turn to a study of the e lec t r ica l  c i r -  
cuit in Fig.  2 descr ibed by the sys tem of differential equations 

+ u = 0, (2.1) 

R' =aR U", (2.2) 

where a = (m0qRb)-1. 

Taking for  the e lectr ical  explosion of a wire the model based on a surface vaporization wave [2], we 
obtain 

B ='Rb(l --  Qd/moq) -1, 

where Rb is the res i s tance  of the disconnect  at the boiling point (R=Rb at t=O, I=I0, U=U0=IoRbRL/(Rb+ 
RL). Eliminating U f rom Eqs. (2.1) and (2.2) and integrating, we obtain 

R ' =  2Ra [BL  2 IlL R a B L 2 / o  2 RL 2] 
(It : -BL)~ L L R  L l n ~  b + ~ LRbJ" 

We introduce the dimensionless  quantities 

It RL  t L I  2 I U 
r - -  - ~ ,  l ' L=t -~b  , " r =  , A = ~ ~  i = U b L/it  b 2moq ' 7~o' = ~'~-" 

We then obtain 

dr 2r~rL ~-~-Mlnr + (A--t)rL]. (2.3) r r 
dv (r + r L )2 k r  ] 

It is then c lear  that r tends asymptot ical ly  to its l imit  rl,  which is determined by the condition r t = O, 

l n r i = r  L A - - t +  ~ . 

Thus, an e lect r ical  explosion, in the proper  sense of the word, does not occur;  the res i s tance  R is 
always finite for any finite RL, i .e. ,  the mass  of the disconnect cannot be completely vaporized.  The l im-  
it ing value r 1 depends on the pa rame te r s  A and r L with the nature of this dependence being determined by 
the vaiue of A. F o r  A < 1 ( low-energy mode), Eq. (2.4) indicates that 

t 
r i ~ t _  A 

for  any r L. If r L ~  0% r l ~  ( l - A )  -1, and consequently, it is impossible  in this mode to obtain a significant 
inc rease  in the res is tance  of the disconnect and efficient t r ans fe r  of energy to the load. F o r  A--- < 0.5, 

t 
In ,'i~---rl -- t, --_---~- l --(r  i --  t). 

r 1 
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We then obtain f rom Eq. (2.4) 
rL  

r l ~ l  + A:I_Tr L. 

F o r  A> 1 (high-energy mode), i t  is c lear  f rom Eq. (2.4) that 

ln r I > rV(A - -  t) 

and this means 

(2.5) 

t < e - r L ( A - 1 )  lnr l < r  L [ ( A - 1 )  § 
r l  

Hence, we have for an est imate  of r 1 

r L ( A - - t  ) ~ i n r l ~  r L [(A-- 1) § e-%(A-~)]. 

F o r  A - 2  and r L -  1, 

r , ~ ] J A - 1 )  

i .e. ,  the res i s t ance  of the disconnect  in this mode, although also finite, may  be large for sufficiently large 
r L. If, indeed, A> 1 but r L is small  so that Ar  L < 1, we once again obtain Eq. (2.5) for r 1 f rom Eq. (2.4). 

We turn to a calculation of the voltage on the load. The g rea te r  the power or  energy required to be 
t r a n s f e r r e d  to the load in a limited time, the s teeper  the r i se  of the voltage pulse to a maximum must  be. 

However,  analysis  shows that modes a re  possible where the pulse has the fo rm of a monotonically 
damped curve.  In fact, at the t ime of maximum voltage T N ,  U=UM, u'  =0, r = r  2, and r ' = r ~  f rom Eq. (2.1). 
Using Eq. (2.3',1, we obtain for  r 2 the t ranscendental  equation 

F9 ~2 
, - 2 ( . .  ,~ + l )  + 2 ( 4  - = 0 ( 2 . 6 )  

It does not always have a solution (i.e., the p resence  of a maximum in the voltage curve is not obligatory). 
We set r 2 = 1 in Eq. (2.6) and find the corresponding value of r L = r c r  (where r c r  is the cr i t ical  value of the 
load res is tance) .  It is  c lear  that Eq. (2.6) does not have a solution for  small rL,  since r 2 cannot be less  
than one. We find for r c r  

1 t 
rcr ~ -- t for A >-~- ,  

and there  is ne solution for  A-< 1/2. The dependence of r c r  on A is shown in Fig.  3 in the form of a curve 
above which l ies the region of pulses with maxima and below which pulses are  monotonically damped. The 
dependence of r 2 on A and r L is mos t  conveniently obtained by a solution of Eq. (2.6) with respec t  to rL,  

r,(lnr,~-t) [ V t@2(A--t)  r~] 
r L - - l = _ 2 ( A _ l ) r  2 I -t- t -f- (1-~-~r2~'~ J 

and by plotting: the corresponding curves  (Fig. 4a). The amplitude of the voltage pulse is found through the 
substitution r '  = r~ in Eq. (2.2) 

~Cr I 

I 

2 

0 

.... 

I 
I 
L 

k 
A 

uM= i + ~ -  L 

Fo r  I/2<A< 1 and rL--* o% Eq. (2.6) leads to 

l 
r2--~ 2 (l _ A) , 

i .e. ,  in this case the voltage reaches  a maximum when the res is tance  of the 
disconnect becomes equal to half  the l imiting value. The amplitude of the 
voltage pulse then tends to the l imit  

i l 

It is  c lear  that i t  is  impossible  to obtain high voltages for  A< 1 because 
u M--* 1.67 even for  A = 0.9 and r L ~  oo. F o r  A -  1, r 2 and u M in theory in-  
c r ease  without l imit as r L increases .  However, it is known f rom exper i -  

f 

Fig. 3 
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ments  on electr ical  explosion [3] that at  the t ime of the so-cal led  
"cur ren t  pause" the intensity of the cur rent  is  in fact  not zero,  and, 
consequently, the res i s tance  of an exploding wire is always finite. If 
one takes r 2 = 100 (see Fig.  4a), the corresponding values of the pulse 
amplitudes will not exceed 9 (Fig. 4b). The relat ionship u(r) can be 
obtained in the following manner .  One determines  r(T) and r'(7) by 
numerica l  integration of Eq. (2.3) and then calculates u(r) = ( r ' / r ) /  
( r ' / r )T= 0. Using this method, voltage pulses were plotted for A = 1, 
r L =3, and r L =  100 (Fig. 5). The t ime rM during which a pulse acts  
f rom its beginning until it reaches  maximum value can be determined 
f rom Eq. (2.3), 

T~ = ~ ~[ !~+rL)2d----sr . 

T,~ ~ L  ra  - -  I n  r -~- ( A  - -  1) r L 

The integral  is not expressed  in e lementary  functions and was calculated on a computer  (Fig. 6). It is  
c lear  f rom the curves  that for  a fixed load res i s tance  rL,  an inc rease  in the dimensionless  energy A of 
the inductive s torage can both lengthen and shorten the voltage pulse (i.e., both inc rease  and decrease  the 
t ime r M to reach  tile peak}. Physical ly ,  this is explained by the competition of two fac tors ;  the power in 
the load grows as A inc reases  but the total energy  t r ans f e r r ed  also inc reases .  The second factor  domi-  
nates for small  r L and the f i r s t  fac tor  for large r L. The total energy t r ans f e r r ed  to the load is defined 
as the s torage energy af ter  subtraction of the total energy absorbed by the disconnect,  

Hence, the total efficiency is 

i 2 ( l - -  l 
QL = T LI~ --m~ -~1)" 

=,  

It is  c lea r  that for  A>> 1 (i.e., for a disconnect  with energy of the e lec t r ica l  explosion much less  than the 
storage energy}, ~?t can be as close to one as desired.  We note that this energy is t r ans f e r r ed  to the load 
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in the asympto t i c  mode,  i .e . ,  in theory  a f t e r  an infinitely long t ime  [in p rac t ice ,  a f t e r  a t ime  (L/Rb)• M + 
(2 -3 ) (L /RL) ] .  The re  often a r i s e s  a need to t r a n s f e r  a given ene rgy  in a l imi ted  t ime .  The re  is  t he re fo re  
p rac t i ca l  i n t e r e s t  in the eff ic iency of a rap id  t r a n s f e r  to the load in the t ime  ~M f r o m  the beginning of a 
pulse until the peak value of the ene rgy  

1 2 (1--  I - g - L I o  (1 - -  i2 2] - -  moq 7-Z2)' 

where  i 2 is the d imens ion less  value of the s to rage  cur ren t  a t  the t ime  r M. Substituting 

i + ~L/r2 
i,, -~- u:~ i <_ ~ L , 

we find the ef f ic iency for  rap id  t r a n s f e r  is  

~=i- z--~K ~ i+ %) A ~ 

The dependence of ~ on A and r L is  given in Fig.  7 by curves  f r o m  which i t  is  c l ea r  that  ~ cannot exceed 
30%. I t  i s  in te res t ing  to note that  the m a x i m u m  eff iciency in the t r a n s f e r  of energy  f rom an inductive s t o r -  
age to an inductive load is  25% [4]. 
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