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One of the methods of producing supersonic velocities in solids to investigate high-speed interactions 
is to accelerate  conductors in a pulsed magnetic field [1, 2]. In the induction accelerat ion of ring conductors 
of relatively low mass using capacitor bat ter ies  the efficiency of the accelerat ion process is reduced due to 
the escape of the accelerated body from the inductor magnetic field [3]. The efficiency of the conversion of 
electromagnetic energy into kinetic energy of the accelerated conductor can be increased by forcingthe mag- 
netic pressure  either by keeping the accelerated body in the initial position until the energy density of the 
field of the electromagnet supplied to the inductor system from the external  source reaches a sufficiently 
high level corresponding to the required value [4], or by increasing the rate  at which the energy of the e lec-  
tromagnet is introduced into the inductor system. In this paper we consider a method of increasing the ef-  
ficiency of a high-speed induction accelera tor  of ring conductors by increasing the rate at which the e lect ro-  
magnet energy is introduced into the inductor system. 

In the pract ical  application of a high-speed solid accelera tor  the need a r i ses  to cover the maximum 
possible range of velocities of projected bodies of different mass.  When the parameters  of the load and the 
energy source in the induction accelerator  are  correc t ly  matched one can obtain high conversion efficiency 
of the electromagnet  energy into kinetic energy of the accelerated body [3]. However, when projecting r e l a -  
tively small masses  good matching and the achievement of high velocities are  limited by the rate at which 
the energy can be t rans fe r red  from the capacitive store to the inductor system. 

It is possible to increase the rate at which energy is introduced into the inductive load within certain 
limits by reducing the inductance of the discharge circui t  and increasing the charging voltage of the capacitor 
battery.  A large rate  of increase of the magnetic field in the inductor system can also be obtained by switch- 
ing the energy store discharge current  into paral lel  circuits (accentuating the current  leading edge}. 

Figure 1 shows the equivalent circuit  of an induction accelera tor  of ring conductors with a current  
leading edge accentnator in the inductor. 

While the capacitor bat tery is charging the switches S 1 and $2 are  open, and the switch S 3 is closed. 
After S 1 is connected the bat tery discharges through the inductance L0, the resistance of the discharge c i r -  
cult R0, and the resis tance of the switch Rs. If at  a certain instant of time the switch S 3 is opened and S 2 is 
closed, then in the branch L1 there  will be a sharp increase in the current ,  the rate of r i se  of which is higher 
than in the usual RLC circuit .  

We can use ordinary switching components used in high-current  pulse techniques (d ischargers  and 
ignitrons) as the components $1 and S 2. The switch $3, which must discharge higher currents  at higher 
voltages, is a more complex component. A suitable type of switch exists,  based on the principle of exploding 
metal  wires or foil. Despite the large number of papers devoted to an investigation of the processes  in a con- 
ducter when it is electr ical ly exploded, so far there  appears to be no generally accepted theory which would 
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Istra. Translated from Zhurnal Pritdadnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 4, pp. 105-108, July- 
August, 1979. Original art icle submitted July 25, 1978. 
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enable  one to expla in  and give a quanti tat ive desc r ip t ion  of these  p r o c e s s e s .  In [5], using a number  of s i m -  
plifying a s sumpt ions ,  a m a t h e m a t i c a l  s imula t ion  of the f i r s t  cu r r en t  pulse which occu r s  in the e l ec t r i ca l  ex -  
p los ion of conductors  is given,  and it is shown that  a compute r  calcula t ion of the ma in  p a r a m e t e r s  c h a r a c t e r -  
izing the e l e c t r i c a l  explosion of conductors  as  a function of the quantity II = GU60CsI/L2S 7 gives good a g r e e -  
men t  with e x p e r i m e n t a l  r e su l t s .  He re  U0 is the ini t ial  vol tage a c r o s s  the capac i tor  ba t t e ry ,  L0 is the induc- 
tance of the d i scha rge  c i rcu i t ,  l and S a r e  the lengths and a r e a  of t r a n s v e r s e  c r o s s  sec t ion  of the exploding 
conductor ,  GCu = 6 .72 .10  .60 kg" m15/A 8. sec  6, and GA1 = 1 .25 .10  -5~ kg" mlS/A 8- sec  6. A s i m i l a r  se t  of 
p a r a m e t e r s  for  the d i scha rge  c i rcu i t  and the g e o m e t r i c a l  d imens ions  of the exploding wi re  was used in [6] to 
ca lcu la te  c e r t a i n  p a r a m e t e r s  of the e l e c t r i c a l  explosion of conductors .  The  quantity H can be r e p r e s e n t e d  in 
t e r m s  of the s i m i l a r i t y  c r i t e r i a  ~1 = poll  ZS  and ~2 = W U  ZS2 introduced in [6] as  I] = G~l~r2, where  W 0 is 
the ene rgy  s to red  in the capac i to r s ,  Z = ~-L0/C is the wave impedance of the d i scharge  c i rcui t ,  and P0 is 
the  ini t ial  r e s i s t i v i t y  of the exploding wire .  

When invest igat ing the c i rcu i t  we used the m a t h e m a t i c a l  model  of an e l ec t r i ca l l y  exploded conductor 
p roposed  in [5], and in addition we made  the following a s sumpt ions :  1) The r e s i s t a n c e s  R0, R!, and Re, and 
the inductances L0, L1, and L2 of the c i r cu i t  r e m a i n  constant  during the d i scharge ,  2) the swi tches  S 1 and S 2 
a r e  ideal ,  i .e . ,  the switching occu r s  ins tantaneously  and without loss ,  3) the switch S 2 c loses  a t  the instant  
co r respond ing  to m a x i m u m  vol tage on the switch $3, and 4) the r e s i s t i n g  fo rces  act ing on the acce l e r a t ed  
r ing  a r e  smal l .  

The  se t  of equations desc r ib ing  the p r o c e s s e s  in the a c c e l e r a t o r  have  the following d imens ion less  fo rm:  

djo/d~ + ro] o -~ r s (~)(]0 - -  ]1) + ~0 = 0; (1) 

d~o/d~ = J0; (2) 

d]l , Lo . Lo . d 
~- L- T ~ j t  ~ - ~  rs ( T ) ( h - - j 0 ) T ~ [ ~ ( e ) ] ~ ] = 0 ;  (3) 

dj~ , L o d 

d 2 s  t d ~ t ( e )  . . 

d~ -5 ~ ]d2. (5) 

The  d imens ion le s s  and d imens iona l  quant i t ies  a r e  connected by  the following re la t ions :  

] ~ i/i:nd; U/Und = cp; r =R/Rnd; ~ =t/tad s =X/Xnd: ~ =M/Mnd; ~ = m/mnd 

We took the following as  the bas i c  quant i t ies:  

Rnd=]/Lo/C, Lad = n0, Mnd= L1, i = u o V c ~ o ,  

Und = Uo, tad = ~/~oC, mnd: C~U~Lo/D ~, Xnd= D, 

where  m is  the m a s s  of the a c c e l e r a t e d  r ing,  x is the coordinate  of the d i sp lacement ,  and D is the mean  
d i a m e t e r  of the inductor and the body. 

In this  c a se ,  we t~ke a s  the ba s i c  inductance (unlike [3]), the inductance of the s to re  L0, and not L~, 
s ince in this case  the p rob l em  of de te rmin ing  the m a s s  of the conductor for  which accentuat ion  of the c u r r e n t  
leading edge leads  to an i n c r e a s e  in i ts  f inal ve loc i ty  is made ea s i e r ,  

The  s y s t e m  of d i f fe rent ia l  equat ions (1)-(5) was  in tegra ted  on the ES-1020 6omputer  using the R u n g e -  
Kutta method with a va r i ab l e  step.  The  e r r o r  in ca lcula t ing the v a r i a b l e s  was 0.1~:' In the in tegrat ion we 
neglected the heat ing of the inductor and of the a c c e l e r a t e d  r ing,  and the i r  mutual  inductance was (~lculated 

475 



6 ] /0 

2 
r5 "s 163 ~52 d. ! 10 t0 ~ 103 I7 

Fig. 4 Fig. 

as in [7]. To moni tor  the co r r ec tne s s  of the p rog ram compiled and the rel iabi l i ty of the resu l t s  obtained we 
calculated the energy balance.  The e r r o r  in calculat ing the total  energy in the sys tem var ied  f rom 0.1% to 

Figure  2 shows the resu l t s  of a calculat ion of the acce le ra t ion  t rans ient  of a r ing conductor of c i rcu la r  
c r o s s  sect ion when the d iameter  of the inductor and of the acce le ra ted  r ing a re  the same in an acce le ra to r  
with accentuation and without accentuation (the continuous and dashed curves,  respectively) of the cu r ren t  
leading edge in an inductor with r 1 = r 2 = 0. Here  and la ter  the relat ive initial gap between the inductor and 
the body e 0 = 0.01. 

Figure  3 shows the resu l t s  of a calculat ion of the final re la t ive veloci ty of the conductor as a function of 
the pa r ame te r  a for II = 10, k = L0/LI  = 3, and rl = r~ = 0. It can be seen f rom a compar i son  of the curves  
that accentuat ion of the cu r ren t  leading edge in an inductor when project ing bodies the re la t ive  mass  of which 
is less  than a cer ta in  c r i t ica l  value a ,  leads to an increase  in the velocitSes obtained. The eff ic iency of the 
accentuat ion increases  as a is reduced. Thus,  for a = 10 -4 the increase  in the velocity due to cur ren t  a c -  
cerSuation is 72% compared  with 36% for a = 10- s and 6% for a = 10 -2. The re la t ion between the cr i t ica l  
re la t ive m a s s  of the acce le ra ted  conductor and the pa rame te r  k for II = 10 is shown in Fig. 4. In zone I a c -  
centuation of the cu r r en t  leading edge in the inductor leads to an increase  in the final veloci ty of the conduc-  
tor .  Here  we show the effect  of the relat ive r e s i s t ances  of the inductor r 1 and the acce le ra ted  r ing r 2 on the 
change in the zone I [1) r 1 = r 2 = 0; 2) r 1 = r 2 = 0~ 3) r i = r 2 = 0.1; 4) r 1 = r 2 = 0.2]. 

The var ia t ion  of the final veloci ty of the projected conductor as  a function of the quantity [I for different 
re la t ive  m a s s e s  [1-3) ff = 10-4; 4 -6 )  a = 10 -S] and different ra t ios  of the internal  inductance of the 
source  to the inductance of the inductor [1, 4) k = 3; 2, 5) k = 5; 3, 6) X = 7] is shown in Fig. 5. 

To obtain the maximum value of the final veloci ty of the conductor it is n e c e s s a r y  to choose II in the 
range  f rom 1 to 10. This is par t icu la r ly  important  for the c o r r e c t  choice of the t r ansve r se  c ros s  section of 
the exploding wire  of the switch $3. 
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