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A charac te r i s t ic  section of nonmonotoneity (see sketch) was detected experimental ly in investigating the 
dependence of the rat io between the depth of penetrat ion L and the d iameter  d of the impactor  par t ic le  on the 
impact velocity v 0 in a definite velocity range [1]. This effect was observed in experiments  on the  impact of a 
steel  ball on a lead obstacle (character is t ic  velocit ies v 0 ~ 0.7 k m / s e c )  and foam plastic (velocity v 0 -~ 7-10 
k in / see ) .  Analogous nonmonotoneity was observed in [2]. Insofar  as is known, there is ye t  no explanation of 
the effect noted. 

It is shown in [3] that  a meteori te  intruding to earth at cosmic velocity evaporates ,  where total evap- 
oration of the metal is achieved for  thermal  energy densit ies on the o rder  of 2U, where U is the enthalpy of 
vapor  formation.  Noticeable evaporation can occur  at energy densities on the o rder  of 0.bU [4] in the presence  
of a free surface .  The velocity of the evaporation wave is here  ~100-200 m / s e c .  Let us es t imate  the nature 
of the dependence of L / d  on v 0 by approximately considering that all the impactor  kinetic energy goes into 
evaporation of the impactor  and the obstacle.  Then a c r a t e r  in the shape of a hemisphere  with radius equal to 
the depth of penetrat ion L should be formed because of evaporation. The c r a t e r  volume is V -~ 2L 3 = W/UP, o 
(Pc is the density of the obstacle mater ia l ) .  Since W = mv~/2 __ d3PiV~/4 , then L / d  = [ p i v~ / (SpoU)]  i /3 = kv~/3 for  
v~ > U (Pi is the density of the impactor  mater ia l ) .  The computed dependence of L / d  on v 0 is shown in Fig. 1 
(curve 1) for  the collision between the steel ball and the lead obstacle;  experimental  points are presented here  
[1]. In the low velocity domain v 0 ~ 0-2 k m / s e c ,  there  is a considerable divergence between curve 1 and the 
experimental  points. It is caused by the following c i rcumstances .  When the kinetic energy is less than the 
enthalpy W < U m  (m is the mass  of the impactor) ,  evaporation does not occur  and the depth L of the penet ra-  
tion is determined by plastic deformation of the obstacle mater ia l .  ]~ is re la ted l inear ly  to the velocity v 0 [5]: 
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where F is the force;  p ,  mass  density; A, c ross - sec t iona l  area;  c 0, wave velocity; [c o = ( E / p ) i / 2 ,  Young's 
modulus]. This L / d  domain is denoted by the line 2 in Fig. 1. The t ransi t ion between line 2 and curve 1 is 
accompanied by a change in the c r a t e r  shape. If the c ra t e r  shape is a t runcated cone in the domain of low ve-  
locities v 0, then in the high velocity domain (v 0 > 2 k m / s e c )  the c ra t e r  shape is a hemisphere  [2]. This phenom- 
enon can be the r ea son  for nonmonotoneity of the dependence of L / d  on v 0. The rat io between the c ra te r  vol-  
ume and the impaetor  mass  as a function of the velocity squared v~ is hence a l inear dependence [2]. 

An analogous phenomenon (the diminution of the quantity L / d  on the velocity v~ is also detected in the 
impact of a steel ball on plast ic  foam, where the range of velocit ies v 0 in this  case is approximately ten t imes 
higher than for  the impact  with the lead obstacle.  Since the energy of plastic foam dissociat ion is of the same 
o rde r  of magnitude as the enthalpyof l eadvapor  formation (40-50 kcal /mole  = 0.8 kJ /g  for Pb) and the foam plas-  
tic density is two o rders  of magnitude lower than the density of lead, then L / d  for  the plastic foam is higher  
than for  lead by approximately (104) 1/3 -~ 20 t imes,  as was also observed in experiment  [1]. 
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E S T I M A T E  O F  F R A G M E N T - F O R M A T I O N  I N  T H E  D E S T R U C T I O N  

OF A SPHERICAL SHELL 

S.  V .  S e r i k o v  UDC 539.74 

The study of the unsteady motion of meta l l ic  shel ls  up to rupture  under  the effect  of intensive loads is of 
p rac t i ca l  in te res t .  P a p e r s  of theore t ica l  and exper imen ta l  nature  a re  known [1-5] in which the question of e x -  
pansion of a spher ica l  shell  under  the effect  of explosive  loads has  been  examined.  

In this  pape r  the law of the unsteady motion of a hollow sphere  subjected to var iab le  in ternal  p r e s s u r e  
or  an initial ve loci ty  f ie ld is de te rmined  in the scheme  of an i so t ropic  i ncompres s ib l e  v iscoplas t ic  medium.  
In the case  of ideal p las t ic i ty  the shell  rupture  t ime  is  de te rmined .  A fo rmula  is der ived  to e s t ima te  the quan-  
t i ty  of f r agmen t s .  The r e su l t s  obtained a re  c o m p a r e d  with known exper imenta l  data. 

1.  F o r m u l a t i o n  o f  t h e  P r o b l e m  

A hollow sphere  subjected to a va r i ab le  in ternal  p r e s s u r e  or an initial veloci ty  f ie ld expands nonsta t ion-  
a r i ly  for  given initial  data.  On the outer  boundary of the sphe re  the re  is no motion.  The shel l  ma t e r i a l  is 
i so t ropic ,  incompress ib le ,  m d  sa t i s f i e s  the re la t ions  of a v i scoplas t ic  medium.  

F o r  cent ra l  s y m m e t r y  of the sphere  deformat ion,  we have the following equations fo r  file s t r e s s  t ensor  
components a t ,  a 0 ,  a ~ ,  the radia l  component  of the veloci ty  vec to r  v in the spher ica l  coordinates  r ,  0, 
outside the m a s s  force  field: 

Equation of motion of a continuous medium 

Or + (2~r--~0--~)=p ~ 4 - v ~ ;  (I.i) 

Continuity equation 

(r2v) = 0; 

The re la t ionships  of a v i scoe las t ic  medium [6] in spher ica l  coordinates  with cen t ra l  s y m m e t r y  

(1.2) 

2 0v  t 

1 v 
(1.3) 

Here  p is the density of the sphere  ma te r i a l ;  a s ,  dynamic yie ld  point; # ,  dynamic coefficient of v iscosi ty ;  and 
t >- 0, t ime .  
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