
The ou te r  boundary  of the hydromagne t  is made  of a good conductor,  so that the diffusion of the field 
through it during the cont rac t ion  pe r iod  can be neglec ted .  The f ield in the hydromagne t  be fo re  cont rac t ion  is 
B z =B 0. Using the condition for  the conse rva t ion  of the flux and the f ield dis t r ibut ion (3.3) we obtain 

/ oo 
Rern cRem - 2  __ 2aRem -2 

R can be seen  f r o m  this  equation that  the m a x i m u m  achievable  f ield in the cen te r  of the hydromagne t  under 
f l ux -conse rva t ion  conditions is Bz = B0(c/a) 2 as Re m --* ~.  I f  the f ield on the boundary  is kept  constant ,  the field 
at the cen te r  of the hydromagne t  is B z = B0(c/a)Rem; i .e . ,  m o r e  effect ive ampl i f ica t ion  of the field occu r s .  

The author  thanks E.  I.  Bichenkov and R. L. Rabinovieh for  useful d iscuss ions  and advice.  
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E L E C T R I C  F I E L D S  IN A S I N G L E - T U R N  M A G N E T I C  

G E N E R A T O R  W I T H  A P A R A B O L I C  T U R N  P R O F I L E  

V .  S.  F o m e n k o  UDC 538.4 

1. To solve a num ber  of p r o b l e m s  in expe r imen ta I  phys ics ,  it is n e c e s s a r y  to have avai lable  a wide 
range of h igh-power  e l ec t romagne t i c  ene rgy  [1]. One of the poss ib l e  pulsed  sources  of e l ec t romagne t i c  en-  
e r g y  with high specif ic  ene rgy  capac i ty  and power  is the exp los ive -d r iven  magnet ic  g e n e r a t o r .  Severa l  types  
of exp lo s ive -d r iven  magnet ic  gene ra to r s  a r e  known at the p r e sen t  t ime  [2-5]. The va r i e ty  of gene ra to r s  is  due 
to the need to sa t i s fy  con t rad ic to ry  r e q u i r e m e n t s  (e.g.,  such as a shor t  opera t ing  t ime  and a l a rge  initial  in-  
ductance,  a l a rge  value of the genera ted  cur ren t ,  and l imi ted  d imens ions  of  the cu r ren t  c i rcui t ) ,  which a re  
difficult to combine in a single gene ra to r .  

In any t y p e  of exp los ive -d r iven  magnet ic  gene ra to r  when the condition dL(t) /dt  >>R(t) is sat isf ied,  the 
main  inc rease  in the genera ted  cu r ren t  occurs  at the end of the deformat ion  of  the e l ec t r i c  c i rcui t ,  I(t) ~ L-l(t) �9 
~?(t) (I, L, and R a re  the cu r ren t ,  inductance,  and total  r e s i s t a n c e  of the genera to r ) .  The eff ic iency of the op-  
e ra t ion  of the genera to r ,  o r  the value of the magnet ic  flux conserva t ion  coefficient  ~?, at this  s tage of the m a g -  
ne t i c -cumula t ive  p r o c e s s  may  be reduced  due to e l ec t r i ca l  breakdowns occur r ing  in the a i r  which fi l ls  the com-  
p r e s s i o n  volume of the gene ra to r .  The breakdown mechan i sm,  accompanied  by the cutting of pa r t  of the in- 
ductance of the circui t ,  and the re la ted  loss  in magnet ic  flux, leads to cons iderab le  l imi ta t ions  of the e l e c t r o -  
magnet  ene rgy  (W ~V2), and also to a reduct ion in the cur ren t  gain (kT~~?) , and the ene rgy  gain (k e ~~72), and 
the f rac t ion  of the los t  flux i n c r e a s e s  toward the end of the opera t ion  of the e l ec t romagne t .  Inc reas ing  the co-  
efficient  V to the level  specif ied by diffusion of the magnet ic  f ield during the c o m p r e s s i o n  and d isp lacement  of 
the flux into the gene ra to r  load, is one of the main  p r o b l e m s  in cons t ruc t ing  s m a l l - s i z e  exp los ive -d r iven  m a g -  
netic g e n e r a t o r s  with high output c h a r a c t e r i s t i c s ,  s ince the technological  f ac to r s  (e.g., for  sp i r a l  exp los ive-  
dr iven magnet ic  g e n e r a t o r s ,  the decenter ing  of the sp i r a l  coil f r o m  the cen t ra l  tube), which af fec t  the coeff i -  
cient U, may be e l imina ted  o r  reduced  to a m in imum.  Thus,  in [6] ce r t a in  r ecommenda t ions  a r e  made,  con-  
f i r m e d  exper imen ta l ly ,  to achieve this pu rpose .  

Moscow. T r a n s l a t e d  f r o m  Zhurnal  Pr ik ladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 3, pp. 49-58, May- 
June, 1979. Original  a r t i c l e  submi t ted  June 15, 1978. 
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Fig.  1 

One of the poss ib l e  ways  of inc reas ing  the opera t ing  eff ic iency of an exp los ive -d r iven  magnet ic  gen-  
e r a t o r  is to use gases  in the c o m p r e s s i o n  volume with h igher  p a r a m e t e r s  with r e spec t  to the breakdown s t r e s s  
than a i r ,  as was  inves t iga ted  in [7] fo r  sp i r a l  and coaxial  g e n e r a t o r s .  However ,  this  method does not e l iminate  
poss ib le  loss  of magnet ic  flux in the breakdown cutoffs in the region of the sliding (dynamic) contact of the 
c u r r e n t ,  c a r r y i n g  conductors .  Thus,  accord ing  to the data given in [7], it follows that the theore t ica l  value of 
the coeff icient  77 is cons iderably  h igher  than the expe r imen ta l  value if the coefficient  is ca lcula ted  only taking 
into account the c o m p r e s s i b i l i t y  of the conductor  m a t e r i a l  and the diffusion of the  flux due to the finite e l ec -  
t r i c a l  conductivity,  which v a r i e s  with t e m p e r a t u r e .  Neve r the l e s s  an osc i l loscope  r eco rd  of the der iva t ive  of 
the cu r ren t  f r o m  pickups p laced  in the cu r r en t  c i rcu i t  of the gene ra to r s  contains h igh- f requency  noise,  c h a r -  
a c t e r i s t i c  fo r  breakdown p r o c e s s e s  in a gas .  The angle of contact  of the c u r r e n t - c a r r y i n g  conductors  c lose  to 
the sl iding contact  does not exceed  0.02-0.06 rad  fo r  a magnet ic  field s t rength  of 0.1-3 M , e ,  and in all ca ses  
expe r imen t  shows that the flux loss  becomes  cons iderab le  at f ie lds  exceeding 1 MOe. 

A be t t e r  way of i nc r ea s ing  the opera t ing  eff ic iency of an exp los ive -d r iven  magnet ic  gene ra to r  is ,  f i r s t ,  
to l imi t  the growth of the magnet ic  f ie ld s t rength  in the c o m p r e s s i o n  volume of the gene ra to r  during opera t ion  
to the c r i t i c a l  value (HI(t) ~ I-I,}, de t e rmined  by  the e l ec t r i ca l  and phys ica l  c h a r a c t e r i s t i c s  of the m a t e r i a l  of 
the cu r r en t  c i rcui t ,  thus e l iminat ing  the poss ib i l i ty  of in tense  e l e c t r i c a l  burs t ing  of  the skin su r face  of the 
conductors  (e,.g., for  coppe r  I,i, ~ 1.2 M , e ) ,  and, second,  to e l imina te  local  e l e c t r i c a l b r e a k d o w n s  in the region 
of the sl iding contact  of the conductors  c h a r a c t e r i s t i c  fo r  magnet ic  g e n e r a t o r s .  The  f i r s t  a im  can be achieved 
by shaping the cu r ren t  c i rcu i t  of  the g e n e r a t o r  and the second by inc reas ing  the angle of contact  of the c o n -  
ductors  in the reg ion  of  dynamic  linking o f  t h e i r  c u r r e n t - c a r r y i n g  s u r f a c e s .  These  r equ i r emen t s  can  be me t  
mos t  s imp ly  in a s ing l e - tu rn  exp los ive -d r iven  magnet ic  g e n e r a t o r  with a pa rabo l i c  p rof i le  of  the turn,  eccen -  
t r i c a l l y  s i tuated with r e s pec t  to the shel l  of the explos ive  cha rge  [8]. 
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TABLE 1 

iS0 0,2 
i80 0,5 
iS0 t,0 
6,3 0,2 
60 0,5 
60 0,8 
65,t 1,0 
45.26 0,5 
2&3 0.2 

174.26 
135,56 
i 5i,02 

52.6 
38,84 
t5.7 
o 
~o 
,0 

//(A,), 
MOe 

i,~6 

1,254 
t,2i4 
t.118 
,01939 
0,788 
0.697 
0.947 
1,t26 

/~(B,), 
MOe 

t,257 
t,255 
1,237 
i,227 
t,05 
0,879 
0,767 
0,993 
i,t47 

r~+(c0, 
MOe 

,4,257 
4,257 
t,257 
,i,257 
i,257 
;1,257 
.4,257 
t,257 
t,257 

2. F i g u r e  l a  and b shows a ske tch  of  the g e n e r a t o r  - t r a n s v e r s e  and longi tudinal  sec t ions  (1, t u rn ;  2, 
shel l ;  3, load; 4, t r a n s m i s s i o n  l ine;  5, explos ive  m a t e r i a l ;  and 6, con tac t  p la tes )  wi th  the l e t t e r  nota t ion  of  the 
d i m e n s i o n s  e m p l o y e d .  F i g u r e  l c  shows p a r t  of  the c o m p r e s s i o n  vo lume  t o g e t h e r  with the  p o l a r  s y s t e m  of c o -  
o r d i n a t e s  f o r  ca l cu la t ing  the e l e c t r i c  f ie ld  s t r e n g t h  in a r ad ia l  s ec t ion  of  the g e n e r a t o r  at any ins tan t  of t ime  
beginning at the ins tan t  of dynamic  con tac t  of the she l l  with the inne r  s u r f a c e  o f  the  winding .  

F o r  conven ience  we wil l  i n t roduce  the fol lowing t e r m i n o l o g y .  G e n e r a t o r  1 - m a x i m u m  and m i n i m u m  
g e n e r a t r i c e s  of  the  tu rn  2H~ =36 c m  and 2H 2 =3 cm,  inner  d i a m e t e r  of  the t u r n  2R =24.8 cm,  e x t e r n a l  d i a m e t e r  
of the  shel l  of  exp los ive  2 r  0 =20.6  cm,  m a x i m u m  and m i n i m u m  base  of  f l ight  of  the she l l  5 =3.2 c m  and r i = 1 
cm,  i n t e r ax i a l  d i s t ance  be tween  the shel l  and the tu rn  (eccen t r i c i ty )  8 = R - r 0 - r  1 =1.1 cm,  o p e r a t i n g  t i m e  t f  =12 
psee .  G e n e r a t o r  2 - 2 H  1 =100-150  cm,  2H 2 =10-15  cm,  2R =19.1 cm,  2 r  0 = 13.1 cm,  6 =5 cm,  r 1 =1 em,  ~ =2 era, 
t f  = 20 p s e c .  G e n e r a t o r  3 - 2 H  1 =15 cm,  2H2= 1.5-2 cm,  2R=19 .1  cm,  2 r0=13 .1  cm,  5 = 5  cm,  r 1 =1 cm,  E=2  cm,  
t f  =20 p s e c .  

F o r  a c lo sed  d e f o r m e d  con tou r  F = ABC FDA when the magne t ic  flux �9 l inked with it changes ,  we wil l  w r i t e  
the law of  induct ion with the to ta l  de r iva t i ve  of  the  flux with r e s p e c t  to t ime:  

.~, ~ d l  _ t 0 - 2  dO(t) = - - 7 7 - ,  ( 2 . 1 )  

f(o 

where  

_i~ = E . = E + ~ 0 - 2 [ v ( t ) B ] ;  q ) ( t ) =  ~ B[z(p,@,. t]ds, t, ~s~e, 
s~t} 

w h e r e  the e l e c t r i c  f ield s t r eng th  E s a t i s f i e s  the law of induc t ion  in p a r t i a l  de r i va t i ve s  of  r with r e s p e c t  to t: 

(~Edl  = - -  t0  -~  #(I)(t) ] 
~" 8t Its0, B~'eonst ; 
F 

v(t) is the ve loc i ty  of  flight of the shell  due to the act ion of the products  of the explosion and the back p r e s s u r e  
of the magnet ic  field. 

In the region of the sl iding contact  between the shel l  and the winding P ~ r  (r P (q~) ~ P ~ e  (r - ~ -< 
(p_(t), the dis t r ibut ion of the magnet ic  induction B can be a s sumed  to be c lose  to uni form and to v a r y  only 
sl ightly with t ime  during the opera t ion of the gene ra to r ,  s ince the na ture  of the var ia t ion  ( increase)  of the 
g e n e r a t r i x  of the winding z(pl , ~0) along the path of d i sp lacement  of the magnet ic  flux in the load is c lose  to the 
law of the ampli tude g r o ~ h  of the cu r r en t .  This  means  that along unit length of the line DK =z[pt,  q~+(t)] (see 

( B+(t) ) 
Fig.  lb) t he r e  is a constant  value of the cu r r en t  ]+ (t) = 0.'ET~ "~ coas t ,  which with a co r respond ing  choice of 

the initial  magnet ic  flux ~0 and the final induction Lf  which is not h igher  than the c r i t i ca l  value 

4. i0 4 ( cvD ~,112 "q (t) f~o 1 
], = ~ \ - - ~ - - ~ T , )  ~]+(t) = [L(t) ~- Lfl zips, (p+(t)[': 

w h e r e  Cv, D, and T .  a r e  the spec i f i c  heat ,  J / g .  deg, the dens i ty ,  g / c m  3, and the  me l t ing  point  of the m a t e r i a l  
of  the  c o n d u c t o r s ,  r e s p e c t i v e l y ,  and ~t is a coef f ic ien t  which  depends on the  shape  and dura t ion  of  the field;  e .g. ,  
f o r  an exponent ia l  i n c r e a s e  it is  2 /3  [9]. 
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The resu l t s  of a calculat ion of the induction B at the points A i,  B1, and C 1 a re  shown in Table 1 for  sev-  
e ra l  fixed posi t ions of the shel l  eft+ and for  different  values  of the gap between the sheU and the tu rn  A1B 1 =A, 
for  a l inear  cu r r en t  densi ty  along the line DK of 1 MA/cm, close to the c r i t i ca l  value for  copper  conductors .  
The data in Table 1 re la te  to genera to r s  2 and 3. 

Then, assuming that the induction B on the su r face  of  the: conductors  and in the skin l aye r  a r e  equal; 
w e  can r ep re sen t  the left  side of Eq.  (2.1) in the fo rm 

tkt~ ratt) 

w h e r e  

w i t h  

and 

]+ lr, (t) 

rd[t) 

<J) -~ 0,4:qqd (t) ~ ~ '  (q )  = (T~ + k~ (T)) - I  ~<~+ =: a0 (t -}- koT+)-l ,  

lr,(t) = l ~  c (t) + t yb ( t) :+ ~td (t), 

i 
<]> = t I]:(ax) + ] (Bx) + ]+ (el)l, <B) = ~- [B (Aa) + B (B~)+ B+ (C01. 

If j + = j , ,  then q+=q . ,  T + = T . .  Thus,  for  copper  conductors  ~ , ~  105 ~2 -1 - cm  -1 and T , ~  103oc. Here r~ 
is the contour BCFDA; d, skin depth; tq, re la t ive  magnetic pe rmeabi l i ty ;  l~c and l~D , length of the a rcs  BC 
and AD, respec t ive ly ;  k0, t e m p e r a t u r e  coefficient  of the e l ec t r i ca l  res i s tance ;  a, conductivity; and E~, e lec t r ic  
f ield s t rength  in the region of the line of dynamic contact  between the shell and the turn .  

Here  

F r o m  (2.1) and (2.2), provided  that in the region of the sliding contact Sr ( t )~ t  dS r (t) <B> - / < ~  <B>, we obtain 

<.> [,r,,,, 
E l ( t ) =  A(t)+2d(t) 0,4~td (t) <a> -{-10--2 " (2.3} 

A ( t ) = R + s c o s ~ ( t )  ~ ~ 2 �9 ~-.. . ,1/2 - -  { r ~ l u  [r (t)]  - -  e s m  q~ tr) l  , 

where  

U 
r o i  

whence we obtain the following expres s ion  used below: 

~+ ( t )  = - 

w i t h  

(2.4) 

(0 r01u [~+ (t)] r (2.5) 
Re sin ~P4- (t) 

/ '01 ~ r 0  "~ 1"1, P ~-  r20t* 

By consider ing  the t r iangle  OCiO l we obtain the angle of contact of the expanding shell  with the inner  
sur face  of the tu rn ,  

- {esinqo+(t) } 
0 [r = arcsin rolu[~+(t) ] , (2.6) 

w h i c h  var i e s  during the genera to r  operat ion,  and i ts  numer ica l  value is de te rmined  by the dimensions of the 
t r a n s v e r s e  c r o s s  sect ion of  the c u r r e n t - c a r r y i n g  e lements  (the shel l  and the turn) of the genera to r  and the i r  
eccen t r i c i t y  e, while (2.5) and (2.6) a re  connected by the re la t ion 

Here  and l a t e r  the dot above a quantity denotes different ia t ion with r e s p e c t  to t ime t.  
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" v(t) 
q~+t = - -  /~ sin 0 [(~+ (t)] " 

I n t roduc ing  the a p p r o x i m a t i o n s  l v  c (t) ~ l;D (t) ~-. l ~ c  ' (t) = R  [~p+ (t) - -  ~(t)],: v = const, d = const, Sr (t) 

Sr,(t) + 2dR [ ~ + ( t ) - - ~ ( t ) ] + 2 d ~ ,  where  r 2 is the con tour  A1B1C1A1, and ca lcu la t ing  the a r e a  Sr2(t) in p o l a r  c o -  

o r d i n a t e s  with the  pole  at the point  O us ing  the  equa t ions  of  the  i n n e r  bounda ry  of  the tu rn  and the e ~ e r n a l  
b o u n d a r y  of  the  shel l ,  which  r e s p e c t i v e l y  have  the  f o r m  

r 2 . (p] t/2 p,(r = R, P 2 ( r  { 0,~-[r  - - s ~ s i a  ~ - -  eooscp, 

a f t e r  d i f fe ren t i a t ing  SF2(t) with r e s p e c t  to  t ime ,  we obtain 

d Sr (t) = t ( JR '  + 4Rd  - -  r2,u ~ (r  (t))] ~ (t) - -  2vro,u [q~+ (t)] ~ (t). d-7 T 

+ a ~ [u~ (t) ~+ (t) - "= (t) q~ (t) - u.  (t)l 4-2v%~u[~+(t)][O (r + (t)) 

w h e r e  

wi th  

u~ (t) = ut (t) cos q~+ (t) --  cos 2 ~ +  (t); u2 (t) = ~ ( t )  cos ~ (t) - -  cos 2 ~ ( t ) ;  
�9 ..:., 

u3(t) = ux (t) sin q)+ (t) - -  ul( t )  sin~ (t); ~(t) = ~p+(t) - -  ~p (t); 

i {" t vs inq ' ,  (t)! ~ { A .  v s i n ~ ( t )  ] 
u ~ ( t ) =  ,,.,t) q)+ ( ) cos q) . (t) "-" t; u ~ ( t ) =  q) (t) cos~ (t) - -  - �9 ~_ ro,U[~_~(t~] i roLu[c?+(t)] ! ; 

u~(t) = {p~u"-[(pv(t) ] - -  sin '  q~+ (t)} 'I~', u~(t) = {Pd~ ~ [ ~ + ( t ) ] -  sin'~p (t)} ~/~, 

v 
// ~- e cos cp ,_ ,rt} ,z, 2p~,~u[qJ+(t )] - -~ , ( t ) s in2~t)  A t  

U l ( t )  = V ~/~eCos0[,+_r(ti]' U l ( t ) -~ :  2u t(t> ' P I =  ~"'~" 

,.5 
Case  1. F o r  a f ixed angIe ~(t) = coast, (e. (t) = 0 in (2.7)) and fo r  a running  v a r i a b l e  r  (~+(t) ~ 0), 

which  v a r i e s  o v e r  the  range  of  va lues  g -<~v +(t) <Tr, we can  eva lua te  (2.3) in the  r ad ia l  s ec t ion  AO of the c o m -  
p r e s s i o n  vo lume ,  when A(t) d e c r e a s e s  (A( t ) - -0 ,  s  r 0) dur ing the  g e n e r a t o r  ope ra t ion .  

C a s e  2. We can  ca lcu la t e  the e l e c t r i c  f ield s t r e n g t h  E~(t) as  a funct ion of  ~p+(t) (~+(t) r 0) f o r  a fixed 

value  of  the gap A(t) =A =cons t  (A(t) =0) if we know the quant i ty  ~(t)=/=0 in (2.7). 

F o r  the  second  case  we have  f r o m  (2.4} 

l r~lu~[~+(t)l --e~'--P~ 1 (~ (tl = arccos 2~p~ , '  

whence  it fol lows that  

- L 2 e P z  

and f u r t h e r m o r e ,  the running v a r i a b l e  (p +(t) is bounded  by  the  range  of va lues  (p 1 - q~ +(t) < ~, w h e r e  

with 

1 

p., ~ R  - - A .  

3. The  r e s u l t s  of  a n u m e r i c a l  ca l cu la t ion  us ing  Eq.  (2.6) a r e  shown in F ig .  2a f o r  g e n e r a t o r s  1 and 2 
( cu rve s  1 and 2, r e spec t ive ly ) ,  hav ing  the s a m e  va lue  of the m i n i m u m  base  of fl ight of  the  she l l  r 1 =1 c m.  Data  
f o r  a s i m i l a r  calculat iDn of  0 (q9 +7 fo r  g e n e r a t o r  3 a r e  shown in F ig .  2b. Cu rves  1-6  c o r r e s p o n d  to  rt = 0 (3 cm),  
0.5 c m  (2.5 cm),  1 c m  (2 cm) ,  1.5 c m  (1.5 cm),  2 c m  (1 cm) ,  and 2.5 c m  (0.5 cm) .  The  va lues  of  the  i n t e r -  
axial  d i s t a n c e s  o f  the she l l  and  the t u r n  a r e  shown in b r a c k e t s .  
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Fig. 4 

It follows f rom the theore t ica l  data shown in Fig.  2 that in genera tors  with the- same value of r~ the angle 
6 depends on the geomet r ica l  dimensions (diameters} of the tu rn  and the shell .  When the eccent r ic i ty  e is r e -  
duced (when r 1 is increased} the angle 0 decreases ,  which leads to an increase  in the e lec t r ic  field s trength in 
the region of the sliding contact .  In addition, the angle e has a l a rge r  value at the beginning of the dynamic 
contact between the shell and the turn than at the end of the genera tor  operat ion (see the ver t i ca l s  ~,+=20 ~ and 
160 ~ in Fig. 2b). 

The resul ts  of a calculation of the e lec t r ic  field s t rength E 1 andthevol tage  U =AE~ for genera tor  2 as a 
function of the distance between the shell and the turn A(~, t) are  shown in Fig. 3a and b, in the form of curves  
1-4, respect ively,  for different fixed values of ~ (~ =2.5; 40; 90; 150~ for a l inear  cur rent  density of 1 MA/cm 
along the line DK. The maximum value E~ occurs  in the final stage of the genera tor  operat ion (curve 1, Fig. 
3a, ~ ~=c~ -_ .o  ) and does not exceed a value of 90 k V / c m  for A =0.04 era. Figure  3c shows graphs of E~ and U 
as a function of ~+ for  fixed A, and in the region of var ia t ion 60 ~ ~ ~+4 160 ~ the amplitude values of the quan- 
ti t ies are measured  along the ordinate axis with increased  scale (curves 1 and 2 - El, U for  A =0.2 cm, and 
curves  1', 2 - E  l, U for A = 0.5 cm). The large  values of E~ whichoecu~ at the beginning of the dynamic con-  
tact  between the shell and the turn (~0+~ 180o), are  eas i ly  el iminated by introducing contact plates into the gen- 
e r a to r  construct ion (see Fig. l a  posit ion 6), which shift the beginning of the contact e lements  of the generator  
into the range of values ~ + = 1 8 0 ~  (in Fig. 3c the resul ts  of the calculation cor respond  to c~ 1 =1 ~ c~ ~ 4"). 

The var ia t ion  in the voltage in the compress ion  volume of the genera tor  3 close to the sliding contact 
(A = 0.2 cm) as a function of ~+ (~Pl -<#0+(t) <-~ - a l ,  a' ~ 3-4% c~ i = 1 ~ for different values of the eccentr ic i ty  a 
(3, 2.5, 2, 1.5, 1, 0.5 cm) is shown in Fig.  4 in the form of graphs 1-6, respect ively .  Curves of U (1-6 in Fig. 
4) also cor respond  to curves  of 0 (~+) (1-6 in Fig. 2b). The curves  of the e lectr ic  field strength 1' and 6' co r -  
respond to the ou termost  curves  I and 6 of the voltage.  The values of the magnetic field s trength (curves of 
the field H 1-.6 cor respond to curves  U 1-6) in the region of the sliding contact were  averaged as [t{(A 1) + 
H(B~) + H§ for  a l inear  cur ren t  density of 1 MA/om along the line DK. 

The calculated data in Ftg. 4 conf i rm the considerable  increase  in the e lec t r ic  field strength in the 
region of the sliding contact (by a fac tor  of 5-8 in the initial s tages of the contact between the shell and the 
turn) when the eccent r ic i ty  g is reduced f rom 3 cm to 0.5 cm (points A and B in Fig. 4). The values of the 
e lec t r ic  field for a relat ive posit ion of the shell and the turn close to coaxial (e = 0.5 cm) facili tate the develop- 
ment of local e lec t r ic  breakdowns in the region of the sliding contact (curve 6'). This is conf i rmed by the p r e s -  
ence of intense luminescence of the air  in this region, r ecorded  in exper iments  with an almost  coaxial position 
of the shell and the turn (e~ 0.2 cm), and also by the absence of luminescence  when the interaxial  distance is 
increased  to values e ~ 1 cm for  the same magnetic field s trength ,~ 1 MOe. 
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The values of the eccentr ici ty ~ ~ 1 cm for  an overall thickness of the insulating film of 0.2-0.4 mm 
placed on the inner surface of the turn, the transmission line, and the load, enables electr ical  breakdown to be 
eliminated in the region of the sliding contact during the whole magnetic-cumulative process  for generators 
1-3 when operating with a constant l inear current  density of ~ 1 MA/cm along the line of contact of the con- 
ductors.  

Calculations using (2.3) were carr ied out for a value of the shell velocity v =0.25 cm/psec, equal to the 
average experimental value. The value of the skin depth, according to data givenin [9], is 0.03 cm for a dura- 
tion of the exponentially growing current  pulse of ~16 ~sec, equal to the operating time of generators 2 and 3 
at the stage of contact between the shell and the inner surface of the turn. The value of the electrical  conduc- 
tivity was taken for copper conductors at the melting point, viz., a .  =10 S ~2 -1 �9 cm -1. 

4. The initial inductance of the profiled turn generator,  unlike the unprofiled turn generator ,  depends 
on the interaxial distance between the shell and the turn, and the inductance increases and the time of gen- 
e ra to r  operation decreases  as ~ is reduced. The rate of variation of the inductance reaches a maximum value 
when ~ =0. However, the choice of the value of e is determined first  of all by the possible reduction in the loss 
in magnetic flux in the region of dynamic linking between the current -car ry ing  surfaces Of the shell and the 
turn, the reason for which is local electr ical  breakdown. By an appropriate choice of the dimensions of the 
t ransverse  cross  section of the shell and the turn, and also of their  mutual position (i.e., by choosing the ec-  
centricity),  one can obtain values of  E~ which pract ical ly eliminate the possibility of electr ical  breakdowns in 
the region of the sliding contact between the cur ren t -car ry ing  conductors under crit ical field-strength condi- 
tions (HI = H,9 for  a thickness Of the insulating layer ,  whichhas no effect on the ohmic resistance of the con- 
tacting conductors. 
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