
on solid su r faces  because  of the rapidi ty  and ease  with which the power and the cavity geome t ry  can be con-  
t ro l led ,  and a lso  the number  of t imes  it r epea t s  i tself .  
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E N E R G Y  T R A N S F E R  T O  A P L A N E  I N C O M P R E S S I B L E  

P I S T C N  U N D E R  D E T O N A T I O N  L O A D I N G  

S.  A.  K i n e l o v s k i i  UDC 534.222.2 

Among the p rob l em s  of explos ion-produced acce le ra t ion ,  a specia l  place is occupied by the p rob lem of 
the one-dimensional  project ion of a fiat plate or  piston.  One-dimensional  p rob lems  a re  of in teres t  because 
they a r e  re la t ive ly  s imple  to invest igate  theore t ica l ly .  Moreover ,  one-dimensional  project ion is a method that 
lends i tself  to d i rec t  p rac t ica l  rea l iza t ion  and const i tutes  a s implif ied model  of many  actual p rob lems  of ex-  
plosive propuls  ion. 

The analytic approach  to the solution of one-dimensional  p rob lems  is usually based on the following a s -  
sumptions:  The piston m a t e r i a l  is incompress ib le ;  the shock waves  in the explosion products  (EP) a re  weak; 
and the EP  fo rma l ly  sa t i s fy  the equation of s tate  of a per fec t  gas  with adiabat ic  exponent k = 3 .  The las t  two 
assumpt ions  imply that  the c h a r a c t e r i s t i c s  of the  equations of motion of t h e g a s  a re  l inea r  and do not change 
t he i r  slope on in tersec t ion  with shock waves  moving in the opposite d i rec t ion (compress ion  waves) ,  and that 
throughout the p roce s s  the p r e s s u r e  and speed of sound in the gas a re  re la ted  by the express ion  

p = A c  a, 

where  the constant A is de te rmined  by the initial t he rmodynamic  state of the EP.  

These a s sumpt ions  have been used to obtain analyt ic  solutions to a number  of p rob lems  of the motion of 
a plane piston propel led  by the explosion of a l aye r  of  explosive of finite th ickness .  The situation where a detona-  
t ion wave impinges on the piston was cons idered  in [1, 2]. A s i m i l a r  p rob lem,  with the difference that detona-  
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tion is initiated at a rigid fixed wall, was examined in [3]. In [4] two plane pistons separated by the products 
of instantaneous detonation of an explosive charge were propelled in opposite directions (as a special case the 
mass  of one of the pistons was taken equal to zero) .  The case where detonation is initiated in the plane of the 
piston and propagates in the direction of the free end of the charge was studied in [5]. Moreover,  in a number 
of investigations the process  of accelerat ion of the piston was not actually considered, the limiting velocity of 
the piston being found direct ly  f rom various physical considerations.  All this work was reviewed in [6, 7]. 

We will consider  the case where the end of the charge away f rom the piston is in contact with a vacuum. 
The three known methods of piston propulsion under these conditions were described and analyzed in [5]. Below, 
various other methods of propulsion of a plane piston are investigated under the assumptions previously spec -  
ified. The problems are  considered in dimensionless fo rm:  As the unit of length we shall take the thickness 
l0 of the layer  of explosive, as the unit of velocity the detonation velocity D, as the unit of mass  the mass  of the 
charge (per unit area);  t ime is r e fe r red  to the quanti ty/0/D, and p re s su re  to DoD2, where P0 is the density of 
the explosive. 

In [5] it was noted that in the various stages of accelerat ion of the piston its motion can be described by 
two types of solutions. This also holds good for  the problems considered below, though the solutions a rewr i t t en  
in a canonical form somewhat different f rom that of [5]. 

In regions where the value of the invariant ca r r ied  by the charac te r i s t i c s  overtaking the piston is constant 
over the entire region the solution for the coordinate X(t) and the velocity U {t) of the piston can be wri t ten in 
the form 

X(t) = 7[~ + (21a)(S~-- ]/~u + S~)], V(t) ---- ~[I --  l /] ,z~ + S~], (]) 

and in regions where the accelerat ion of the piston is effeeted in the rarefac t ion  waveref lec ted  f rom the piston 
the solution has the form 

X(t) = -r -- V'O/a)(Kxx 2 -  zi]-- xo, U(t) -- ~[K~-- (2K~z -- i)/V'a(n~x 2 -  X)]. (2) 

The values of the pa ramete r s  entering into these solutions are determined specifically for  each problem.  Solu- 
tion (2) descr ibes  inter alia, the concluding phase of accelerat ion of the piston after  the a r r i v a l  of the r a r e -  
faction wave f rom the lefthand free end of the explosive. In this case it continues to hold good as t - * ~  and 
can be supplemented by the expression for  the limiting velocity of the piston 

I U ,  ---- ~(K~-- 2VK--~). (3) 

Retaining the enumeration of the problems adopted in [5], we wUl consider  various,  including the known, 
methods of propelling a plane piston of mass  M. 

1.  D e t o n a t i o n  I n i t i a t e d  a t  t h e  F r e e  E n d  o f  t h e  C h a r g e  

The charge is initiated at t =0 in the section x = - 1 .  At t =1 the detonation wave reaches  the piston {x =0) 
and is reflected as a shock wave. For  t->l the motion of the piston is descr ibed by solution (2) with 

= x 0 ~ t ,  a----32/(27M), ~ - t ,  KI=  1 + t / a ,  K2----- t + 2/a. 

�9 The limiting velocity of the piston is given by expression (3). 

2 .  D e t o n a t i o n  I n i t i a t e d  in t h e  P l a n e  o f  t h e  P i s t o n  

The charge is initiated at t =0 in the section x =0. At t ime t = 1 the detonation wave reaches  the free end 
of the charge (x = -1 )  and generates  a centered rarefact ion wave whose leading front overtakes the a l ready mov-  
ing piston at t =t I. In this problem T = 1/2, a = 8/(27M). At 0--< t -<t 1 = 3 + 9a/4 the motion of the piston is described 
by solution (!): �9 =t, S l =S 2 ----1, and at t->t 1 by solution (2): ~" = t - l ,  x0=l ,  K 1 = 8 ( 9 a  2 + 10a +2)/in (8 +9a2],  K 2 =1 + 
4(2 +3a)/[a (8 + 9a)]o 

3. I n s t a n t a n e o u s  D e t o n a t i o n  

At time t =0 a layer of gas (instantaneous detonation products) of unit width is in contact with the lefthand 
face of the piston at x =0~ The piston is accelerated by the expansion of the compressed gas. At time t :=t t the 
leading characteristic of the centered rarefaction wave from the free end reaches the piston and the subsequent 
acceleration of the piston takes place in the reflected rarefaction wave. 

In this problem T=e0 =v ~r37~, a =I/(~f6M). At 0-<t-<t i the motion isdescrtbed by solution (1): 
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:-- t, $I = S~ -- t, tt = [t + a/(4co)]/co,. 

and at t->t 1 by solut ion (2): ~" =t, x 0 = l ,  

K1 = 8c~ (a ~- q- -4ac o § 2Co)/[a (a q- 4c0)2], K2=(a 2 q- 8ac o q- 8c~)/[a (aq-4Co) ]. 

F r o m  (3), with a l lowance  fo r  the values  obtained fo r  the cons tan t s ,  fo r  the l imi t ing  ve loc i ty  of the p is ton  we 
have 

U., = V'3-]8 (1 + t2M -4- ISM 2 - -  6M ]/'2 q- 12M -t- 9M!)/(I  -t- 6214). (4) 

By m e a n s  of s imple  a l ge b ra  it is poss ib le  to  show that  f o r  p r o b l e m s  1 and 2 the above solut ions  coincide 
with those  p r e s e n t e d  in [5], and fo r  p r o b l e m  3 with the  solut ion g iven  in [8] and, m o r e o v e r ,  with an e a r l i e r  
known solut ion of the p r o b l e m  [4].* 

4 .  C h a r g e  I n i t i a t e d  S i m u l t a n e o u s l y  a t  t h e  F r e e  E n d  

a n d  i n  t h e  P l a n e  o f  t h e  P i s t o n  

At t =0 de tonat ion  is init iated in the  cha rge  f r o m  two ends at once :  In the plane of the p is ton (x =0) and 
at the f r ee  end ( x = - 1 ) .  As in p r o b l e m  1, the detonat ion wave  f r o m  the f r ee  su r f ace  is a s soc i a t ed  with a c e n t e r e d  
r a r e f a c t i o n  wave ,  gene ra t ed  by the expans ion  of the gaseous  E P  into the vacuum.  At t = ! / 2  the  two detonat ion 
waves  m e e t  in the sec t ion  x = - 1 / 2 .  The mee t ing  of the  detonat ion waves  g e n e r a t e s  two shock  waves ,  one t r a v e l -  
ing towards  the p is ton ,  the o ther  t owards  the  f r e e  end. At t i m e  t =t  I the  f o r m e r  ove r t akes  the p i s ton  and is 
r e f l ec t ed  f r o m  it, again as  a s h o c k w a v e ,  caus ing  f u r t h e r  a c c e l e r a t i o n  of the p is ton .  

In this  p r o b l e m  T = I / 2 ,  a = 8/(27M), t 1 =212(1 +a --4-]-7-+--~)/(8-a)]  z. The f i r s t  s tage t 0 ~ t - t  l) of p is ton 
a c c e l e r a t i o n  is d e s c r i b e d  by solut ion (1), in exac t ly  the s a m e  way  as in p r o b l e m  2. At t_>t 1 the  mot ion  of the  
p is ton  is d e s c r i b e d  by solut ion (2): 

a {i J- b ~- (b"- l)/[2ab (b 1)~-]2}, T : t ,  X 0 : 1 ,  K i - -  b 2 - 1  

Ks _ t {2a 4-- (b t) 2 4- 2b (b" l)/[2ab (b 1 )e]}~ b = ] / ~ 1  + t. 
b 2 t " ' 

In Fig.  1 we have plot ted the c u r v e s ,  c ons t ruc t ed  f r o m  (1), of U~ v e r s u s  the r e l a t i v e  m a s s  of the  pis ton 
M fo r  the va r ious  p r o b l e m s  (here and in what  fol lows the n u m b e r  of the curve  in the f igu res  c o r r e s p o n d s  t o  
the n u m b e r  of the  p rob lem) .  It is c l e a r  f r o m  Fig.  1 that  the U,o (IV[) cu rve  fo r  p rob l em 4 l ies  m o r e  o r  l e s s  half  
way  between the c u r v e s  for  p r o b l e m s  1 and 2. F r o m  the  solut iou of p rob lem 4 it fol lows tha t  the  t w o - s t a g e  
a c c e l e r a t i o n  obtained in this  case  e n s u r e s  p ro j ec t ion  ve loc i t i es  s i m i l a r  to  those  ach ieved  in p r o b l e m  1, w h e r e  
the  a c c e l e r a t i o n  condi t ions  a re  m o s t  " s e v e r e "  [5]. However ,  the d i s tance  over  which the pis ton is a c c e l e r a t e d  
to  a ve loc i ty  equal to  (0.7-0.9)U~o is two to  four  t i m e s  g r e a t e r  than in p r o b l e m  1. In Fig.  2, fo r  two values  of 
M and va r ious  p r o b l e m s ,  we  have r e P r o d u c e d  the ca lcula ted  dependence  of p is ton  ve loc i ty  on path t r a v e l e d ,  
f r o m  which it is  poss ib l e  to  judge the  na tu re  of the acce l e r a t i on  (continuous c u r v e s :  M =0.1;  dashed cu rves  
M=0 .6 ) .  

5 .  D e t o n a t i o n  I n i t i a t e d  w i t h i n  t h e  C h a r g e  

At the  init ial  instant  t =0 de tonat ion  is init iated in a sec t ion  at a d i s tance  I f r o m  the p i s ton  and detonat ion 
waves  depar t  in both d i r e c t i ons .  In th is  s tage  the p r o c e s s  is s y m m e t r i c a l  about the sec t ion  x = - h  i .e . ,  is equ iv-  
alent  in each d i r ec t i on  to  the p ropaga t ion  of a detonat ion wave f r o m  a fixed r ig id  wal l .  In this  c a s e  (see, f o r  
example ,  [3]) t h e r e  extends f r o m  the wall  a r eg ion  of r e s t  occupying at a given m o m e n t  of t ime  half  the d i s tance  
to  the de tonat ion  f ron t .  At t ime  t =l the  r ighthand detonat ion wave  r e a c h e s  the  pis ton (x =0),  being r e f l ec ted  
f r o m  it as  a shock  wave  and init iat ing the  p is ton a c c e l e r a t i o n  p r o c e s s .  At t ime  t o = 1 - l  the leffhand detonat ion 
wave  r e a c h e s  the f r ee  end of the c h a r g e  (x = - 1 )  and is r e f l ec t ed  f r o m  it as  a cen t e r ed  r a r e f a c t i o n  wave whose  
leading f ron t  m a y ,  in p r inc ip le ,  ove r t ake  the p is ton.  In this  p r o b l e m  T = l / 2 , a  =8(27M). The pis ton a c c e l e r a t i o n  
p r o c e s s  depends  l a r g e l y  on whe the r  o r  not the p is ton  is over taken  by the leading c h a r a c t e r i s t i c  of the ~region 
of r e s t "  (as in [3])~ In the  case  of v e r y  light p i s tons ,  when a >-2/l, i .e . ,  M -  41/27 ,  th is  c h a r a c t e r i s t i c  does not 
over take  the p i s ton  (nor does any o ther  pe r tu rba t ion ) .  There  is then only one p is ton  a c c e l e r a t i o n  s tage  which 
fo r  any t e l  is d e s c r i b e d  by solut ion (2): 

,~ ----- t, x0---- l~ K I =  (t ~- 4al)/(4al2), K~= (t -4- 2r 

*We note that  in [4] t h e r e  is a m i s p r i n t  in the e x p r e s s i o n  fo r  U~, c o r r e s p o n d i n g  to  (4): the coeff ic ient  16 in 
the r ad icand  should r ead  12. 
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The limiting velocity of the piston is given by expression (3). 

In the ease of a heavier  piston {a < 2 / 1 )  the region of res t  and then the centered rarefact ion wave overtake 
the piston at t imes  t I and t2j respect ively,  and the piston accelera t ion process  is divided into several  s tages.  
At / - < t ~ t  I = 4 l ( 2 - a l )  the motion of the piston is described by the above solution for light pistons.  At t l-<t-<t  2 = 
(a2b2-Sl)/a, where b =1 + S2/a +t0/2 , the motion of the piston is described by solution (1): 

= t, S l =  4(i -{- 2a~l~)/(2 - -  al) 2, S~= (2 -b a~12)/(2 - -  al) 

And, finally, at t =t_>t 2 the motion of the piston is again described by solution (2), where 

T = t --  to,, xo = l,: K i (z~ + ")/z~, K s ~ l -F 2a/T~,, z~ = t~. t0. 

These expressions for  K 1 and K 2 and equation (3) determine the limiting piston velocity. 

The brief  existence in the gas of a "fixed wall," noted above in connection with problem 5, suggested that 
for M > 0 the limiting piston velocity might be higher than in problem 1. However, an analysis of the solution 
showed that this is not so. On average,  the effective gas p r e s su re  accelerat ing the piston is always less  in 
problem 5 than in problem 1. This is i l lustrated, in par t icular ,  by Fig. 3, where the distribution of the speed 
of sound in the gas is shown for  both problems:  (a) at the t ime the detonation wave reaches  the piston; (b) when 
a piston with M = 0.1 has t raveled a path equal to 0.2 (for problem 5 l = 0.5). For  other values of l and M the 
qualitative picture is roughly the same.  

F rom the solution of problem 5 it follows that this problem is intermediate with respect  to both limiting 
velocity and piston accelera t ion regime between problems 1 and 2. In fact,  varying the value of l gives a set 
of piston accelera t ion regimes  ranging f rom "mild ~ (l =0, problem 2) to "severe  u (l =1, problem 1). 

The analysis  of problems 2 and 3 in [5] can be supplemented by a r e m a r k  that also applies to problem 5. 
in these problems,  by the t ime the ra re fac t ion  wave a r r ives  f rom the free end of the charge the piston has been 
able to accumulate 95% (M=0.1) to 80% (M =1.4) of its limiting velocity.  Thus on the range M< 1.4 the motion 
of the piston is mainly determined by the initial E1 ) p r e s su re  pulse, the contribution of the residual p re s su re  
being fair ly small .  

6. I n s t a n t a n e o u s  D e t o n a t i o n  a c r o s s  a G a p  

At t =0 the interval -l<--x-< 0 is occupied by compressed  gas,  the product of the instantaneous detonation 
of the explosive charge.  The left-hand edge of the gas is free,  and at the right-hand edge there  is, in thegenera l  
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c a s e ,  an i n t e r m e d i a t e  p i s t o n  of m a s s  /~ ( spec ia l  c a s e :  # =0) .  In the  s e c t i o n  wi th  c o o r d i n a t e  x = 60 we have the  
m a i n  p i s t o n  wi th  m a s s  ( M - p ) .  Both p i s t o n s  a r e  ~ .ncompress ib le ,  and be tw e e n  t h e m  and to  the  l e f t  of the  g a s  

t h e r e  is  a v a c u u m .  

At t_>0 the  m o t i o n  of the  i n t e r m e d i a t e  p i s t o n  is  d e s c r i b e d  by the  s o l u t i o n  of p r o b l e m  3 wi th  a =a = 1 /  
(q-6/~ 7. At t i m e  t o the  i n t e r m e d i a t e  p i s t o n  r e a c h e s  the  m a i n  one.  The  i m p a c t  is  a s s u m e d  to  be  a b s o l u t e l y  i n -  
e l a s t i c ,  and f r o m  t h i s  cond i t i on  w e  f ind the  in i t i a l  v e l o c i t y  U0 of a m a i n  p i s t o n  of m a s s  M; when the  p i s t o n s  
m e e t  a s h o c k  w a v e  e n t e r s  t he  g a s .  The  m a s s  of the  i n t e r m e d i a t e  p i s t o n  # ts  a s s u m e d  to  be  s m a l l  enough fo r  
the  un load ing  w a v e  f r o m  the  f r e e  edge  not  to  o v e r t a k e  it b e f o r e  i m p a c t .  
ing f ron t  of the  c e n t e r e d  r a r e f a c t i o n  wave  f r o m  the  f r e e  e d g e .  

In t h i s  p r o b l e m  

F r o m  i ts  so lu t i on  we have 

At t = t  I the  p i s t o n  o v e r t a k e s  the  l e a d -  

V - :  co= 17378, a = I/(V-6M). 

to= 6o(1 -+- 2Z)/Co, Uo= aCo/[a(t § X)], Z = V c g ( a G ) .  

At t 0--< t-< t I the  m o t i o n  of the  p i s t o n  i s  d e s c r i b e d  by  so lu t i on  (1), w h e r e  

t l =  t~ 2-~o -~- ]/rs-7 - - S  1 , T =  t - - t o ,  

S l =  [co/(Co-- Uo) l 2, S~-- a6o/(2co) q- 3 / ~ ,  
and at t -~t  1 by s o l u t i o n  (2), w h e r e  

K 1 = (2t 1 - -  t o -}- Sja)/ t~,  K~ = I ~- (i/c o ~- 2 S j a  to)/t 1. 

7 .  D e t o n a t i o n  a c r o s s  a G a p :  D e t o n a t i o n  I n i t i a t e d  

a t  E n d  o f  C h a r g e  a w a y  f r o m  P i s t o n  

This  p r o b l e m  is  s i m i l a r  i n  f o r m u l a t i o n  to  t he  p r e v i o u s  one,  d i f f e r i ng  only with  r e s p e c t  to  t he  me thod  of 
i n i t i a t i on  of the  c h a r g e .  The m o t i o n  of the  i n t e r m e d i a t e  p i s t o n  of m a s s / ~  beg in s  wi th  the  a r r i v a l  of t he  d e t o n a -  
t i on  wave  g =17 and i s  d e s c r i b e d  by the  s o l u t i o n  of p r o b l e m  1. At t i m e  t l ,  a f t e r  a b s o l u t e l y  i n e l a s t i c  i m p a c t , t h e  
m a i n  p i s t o n  of t o t a l  m a s s  M beg ins  to  move  wi th  in i t i a l  v e l o c i t y  U0. As in p r o b l e m  1, t h e r e  is only one a c c e l e r -  
a t i on  s t age ,  which  at  t ~ t  1 i s  d e s c r i b e d  by  so lu t i on  (27: 

a == 32/(27M), a = 32/(27~t), , = t. ? =  r o = t  , 

*, = ~ # ~o -' 26o [t -':- V t  -',- ~ ci - ~o/7~o]/~ .  
, [  e(q+6~) ] 

, [  , ] [ ] K 1 = 7 - 1  i x  . ~ , K ~ =  1 
' ~ ( l + G - G q )  . ~ 1 + 8  o + , ~ ( I T 8  o - v o q  ) �9 

The f o r m u l a t i o n  of the  l a s t  two p r o b l e m s  i s  b a s e d  on the  p h y s i c a l  fac t  tha t  i n t r o d u c i n g  a gap  i n c r e a s e s  
the  amount  of g a s  w h o s e  m a s s  v e l o c i t y  is  d i r e c t e d  t o w a r d s  the  p i s t o n  and hence  m a y  i n c r e a s e  the  m o m e n t u m  
i m p a r t e d  to  the  p i s t o n  by the  g a s .  Th i s  p r i n c i p l e  ts  c o n f i r m e d  by  the  s o l u t i o n s  ob ta ined ,  which  for  both p r o b -  
l e m s  g ive  q u a l i t a t i v e l y  s i m i l a r  r e s u l t s .  

In t he  a b s e n c e  of an i n t e r m e d i a t e  p i s t o n  (p=0) i n t r o d u c i n g  a gap g i v e s  an i n c r e a s e  in the  f inal  p i s t on  
v e l o c i t y  tha t  g r o w s  wi th  the  gap .  F o r  p r o b l e m  6 t h i s  is  i l l u s t r a t e d  by  F ig .  4 which  shows  U~ (M) at  v a r i o u s  
60 f o r  the  c a s e  # = 0 : 6  o =0 (p rob l em 3) - c u r v e  3, 60 = 1 and 60 =2 - c u r v e s  6a and 6b, r e s p e c t i v e l y .  The c o r r e -  
spond ing  r e s u l t s  f o r  p r o b l e m  7 a r e  p r e s e n t e d  in F ig .  1: c u r v e  7a -- 60=0.5 , c u r v e  7b - 6~ =2.  F i g u r e  5 g i v e s  
the  Uoo (60) c u r v e s  fo r  v a r i o u s  c a s e s .  H e r e ,  the  con t inuous  c u r v e s  r e l a t e  to  p r o b l e m  7 and the  d a s h e d  c u r v e s  
to  p r o b l e m  6; f o r  the  u p p e r  g r o u p  of c u r v e s  (cont inuous and dashed )  M =0 .1 ,  f o r  t he  l o w e r  g roup  M =1.0;  t he  
m a s s  of t he  i n t e r m e d i a t e  p i s t o n  # = 0  (cu rves  aT, 0.1 ( cu rves  b) and 0.25 (curves  e).  

The p r o b l e m s  c o n s i d e r e d  show tha t  t h e r e  a r e  f a i r l y  b r o a d  p o s s i b i l i t i e s  of c o n t r o l l i n g  the  p r o j e c t i o n  p r o -  
c e s s .  In i t i a t ing  de tona t ion  w i th in  the  c h a r g e  ( p r o b l e m  5) m a k e s  it p o s s i b l e  to  a c h i e v e  a l m o s t  any f f rom " m i l d "  
(p rob l em 2 to  " s e v e r e  ~ ( p r o b l e m  1)) p i s t o n  a c c e l e r a t i o n  cond i t i ons .  In i t i a t i ng  the  c h a r g e  f r o m  both ends  (prob-  

l e m  4) g i v e s  t w o - s t a g e  p i s t o n  a c c e l e r a t i o n  and e n s u r e s  a f ina l  p i s t on  v e l o c i t y  C l o s e r  to  the  c a s e  r e p r e s e n t e d  
by p r o b l e m  1 u n d e r  s u b s t a n t i a l l y  m i l d e r  a c c e l e r a t i o n  c o n d i t i o n s .  C o n v e r s e l y ,  i n t roduc ing  a v a c u u m  gap be tween  
p i s t o n  and c h a r g e  m a k e s  it p o s s i b l e ,  in s o m e  c a s e s  ( p r o b l e m  7), to ob ta in  m o r e  s e v e r e  a c c e l e r a t i o n  cond i t ions  
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and achieve higher piston veloci t ies  than in p rob lem 1 or ,  for  about the same  velocity~ marked ly  inc rease  the 
path on vchich this veloci ty is reached .  

It should be noted that ,  in actual fact ,  obtaining higher project ion veloci t ies  with a gap between piston 
and charge  is,  genera l ly  speaking,  p rob lemat i c .  Investigations [9, 10] of the pro jec t ion  of plates  ac ros s  an a i r  
gap did not demons t r a t e  an inc rease  in the final velocity of the p la tes ,  and in [9], where  the m a s s  of the plate 
was fa i r ly  l a rge  {M~1.35), the final veloci ty dec reased  with inc rease  in the gap. A compar i son  of the resu l t s  
of these  studies and the solutions of the model  p rob lems  examined above leaves  some uncer ta in ty  as to the i m -  
por tance of the p resence  or absence of a i r  in the gap. Exper iments  [9] showed that t he re  is a m a r k e d  inc rease  
in plate veloci ty when the a i r  is evacuated f r o m  the gap.  If it is a s sumed  that the p r e sence  of a i r  in the gap is 
to some extent equivalent to the p r e s ence  of an in te rmedia te  piston,  then, even when the m a s s  of this  piston is 
very  smal l ,  it follows f r o m  the solutions of the p rob lems  that  the velocity of the  main  piston r e m a i n s  approx-  
imately the same as in the absence of a gap, or  may  even fall somewhat  if the gap is smal l ,  andbegins  to in- 
c r ea se  only at sufficiently l a rge  gaps,  when the one-dimensional  p r o c e s s  a s sumed  in the p rob l ems  is r a t h e r  
difficult to achieve exper imenta l ly .  With i nc rea se  in the gap the acce le ra t ion  t ime  i n c r e a s e s ,  which c o r r e -  
sponds qual i tat ively to the r e su l t s  of [9, 10] o Thus,  in this case  the exper imenta l  r e su l t s  a r e  in quali tat ive 
agreement  with the solution of the model p r o b l e m s ,  if in the l a t t e r  an a t tempt  is made to take account of the 
a i r  in the gap. On the other  hand, i f  we cons ider  the exper imenta l  resu l t s  of [10], for  equally th ick s teel  p la tes ,  
then f r o m  the solution of p rob lem 7 with # = 0  we find that the calculated ra t io  of piston veloci t ies  with and with-  
out a 1 0 - m m  gap (60 =0.25) is equal to 1.05 (i.e., the calculated velocity increment  is in fact smal l ) ,  the ca lcu-  
lated value of the absolute piston velocity being c lose  to the 4.1 k m / s e c  r eco rded  in the exper iments .  Here  a 
ce r ta in  agreement  between the resu l t s  of the exper iments  and the solution of the p rob lem is achieved without 
taking into account the p r e s e n c e  of a i r  in the gap. Thus, s o  fa r  the compar i son  does not suggest  any se r ious  
quali tat ive contradict ion between the solutions of model  p rob l ems  6 and 7 and the known exper imenta l  r e su l t s .  

The author is grateful  to Yu, A. Tr i sh in  for  his in teres t  in the work  and useful d i scuss ions .  
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D E T E R M I N A T I O N  OF T H E  S P A L L  S T R E N G T H  

F R O M  M E A S U R E D  V A L U E S  O F  T H E  S P E C I M E N  

F R E E - S U R F A C E  V E L O C I T Y  

S. A. N o v i k o v  a n d  A. V. C h e r n o v  UDC 539.4].2:539.42 

Measurements  of the f r ee - su r f ace  velocity on reflection of a nonstat ionary shock wave make it possible 
to obtain the data needed to determine the spall strength of a mater ia l  a0, which is calculated f rom the ex- 
press ions  [1] 

% =  ooCo(Wo- w~)/2; (1) 

%= P0C0(W0-- W), (2) 

where P0 is the initial density of the mater ia l ;  Co, velocity of the plastic waves in it; W0, maximum of the speci-  
men f r ee - su r face  velocity realized on arr ival  of t h e s h o c k  wave at that surface;  Wk, value at the f i rs t  mini-  
mum of the f r ee - su r f ace  velocity t ime dependence; W, mean velocity of the spall f ragment .  The values of W0 
and Wk are determined f rom the continuously recorded f r ee - su r f ace  velocity measured  by the capacitive t r ans -  
ducer  method [2]; W0 can also be determined as the velocity of athin art if icial  (prepared) spall f ragment ,  i.e.,  
a thin foil of the same mater ia l  fitted tightly to the specimen; W is the usual mean spall velocity. 

The l i te ra ture  does not contain any analysis of the l imits of applicability of these expressions or the a s -  
sumptions made in deriving them. We have therefore  investigated the nature of the underlying assumptions 
and the l imits  of applicability of the equations derived.  

Using the method of charac te r i s t i cs  [3], let us consider  the flow in a specimen subjected to spalling in 
the plane wave formulation.  The X - T  flow diagram is reproduced in Fig. la ,  where X is the Euler coordinate 
and T is t ime.  We assume that the mater ia l  fails instantaneously in a cer tain plane (the point F on the X - T  
diagram),  as soon as the tensile s t ress  in that plane reaches  the value %. This condition is f i rs t  real ized on 
the last C-cha rac t e r i s t i c  OF of the centered rarefac t ion  wave LOF formed when the shock wave SO reaches  
the free surface.  The spall shock propagates  f rom the f rac ture  point F within the spall plate (to the right). 
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