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Semiempi r ica l  re la t ions  are  p re sen ted  for  de termining the depth and d iamete r  of the c r a t e r  
fo rmed  by 16 k m / s e c  spher ica l  pa r t i c l e s  penetra t ing into a solid semiinfinite b a r r i e r .  

In a previous  paper  [1] the authors  r epo r t ed  the resu l t s  of an exper imenta l  study of the penetra t ion 
of 16 k m / s e c  pa r t i c l e s  into semiinfinite b a r r i e r s  of plast ic ,  br i t t le ,  and soft mate r ia l s ,  and gave empi r ica l  
re la t ions  for  the re la t ive  depth of penetra t ion h/D 0 and the re la t ive  d iamete r  of the c r a t e r  D/D 0 as functions 
of the pro jec t i le  and ta rge t  cha rac te r i s t i c s .  S imi lar  data fo r  veloci t ies  up to 10 k m / s e c  appear  in [2-5]. 
The exist ing exper imenta l  data can be genera l ized  by a cer ta in  semiempi r i ea l  relat ion.  

The following model of the penetra t ion p r o c e s s  is  assumed.  

The motion of a par t ic le  (projectile) in a solid b a r r i e r  is  s imi la r  to i ts  motion in a liquid or  gaseous 
medium, and is  desc r ibed  by the equation 

p• do 
C~. ~ -  S o = - -  m o - -d t  (1) 

Setting v = dh/dt  and f] = V0/S 0 we obtain 

dh 2 Po 1 dv 

P. P C~ v 

f r o m  which the re la t ive  depth of penet ra t ion  is found to be 

h 2 90 t 1 
fl P ~. C~ 

~a 

Here v , ,  
condition 

dv (2) 
0 

the minimum veloci ty  for  which motion in the given medium is possible ,  is  de termined  f rom the 

2 

and is  equal to 
l 

A par t ic le  moving in a solid With a veloci ty  g r ea t e r  than a cer ta in  value v** fo rm s  a cavitat ion r e c e s s  
whose m a ~ m u m  c r o s s  sect ion can be found f ro m  the condition 

2 
p r o  

Cx. ~ So = (rS** (4) 
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Fig.  1. Rela t ive  depth h/D 0 and re la t ive  d i a m e t e r  D / D  0 of a c r a t e r  
a s  functions of i m p a c t  speed v 0 for  a) A MG-6 a luminum t a rge t s  and 
e h r o m i u m p a r t i c l e s .  1) by Eqs.  (14), (15); 2 ) d a t a  f r o m  [1]; 3) 
data f r o m  [2]; 4) data f r o m  [3, 4]. b) D16-T duralumin t a rge t s  and 
c h r o m i u m  pa r t i c l e s .  1) by Eqs.  (14), (15); 2 ) d a t a  f r o m  [1]; 3) 
data f r o m  [2]; 4) data f r o m  [3]; 5) data f r o m  [4]. v 0, k m / s e c .  

to be 
o 

S** " C,.. pv0 
S o " 2~ 

If  the ra t io  of the depth of pene t ra t ion  to the dis tance f r o m  the fo rward  tip of the p ro jec t i l e  to i t s  m i d s e c -  
tion is  more  than two, the c r o s s  sect ion of the c r a t e r  S is  app rox ima te ly  equal  to the m a x i m u m  c r o s s  s e c -  
tion of the cavi ta t ion r e c e s s  S**. Then 

S 2 
~= Cx,. pro (5) 

2~ So 

The minimum velocity of the projectile (particle) v** at which a cavitation recess is formed is found 
from Eq. (4) and the condition S O = S** to be 

I 

12 I 
Equation (5) is  obviously not appl icable  to soft  m a t e r i a l s  such as  rubbe r  or  fe l t  o r  to loose porous  

media  such as  sand or  poro ton  where the cavi ta t ion r e c e s s  is  not p r e s e r v e d  and the pene t ra t ion  of the p a r -  
t icle often does  not even produce  a c r a t e r .  Pene t r a t ion  into br i t t le  b a r r i e r s  i s  genera l ly  accompanied  by 
the appearance  of c r a c k s  and spal la t ion [1, 5] leading to a s ignif icant  i nc rea se  in the size of the c r a t e r  at 
the sur face  as  c o m p a r e d  with the m a x i m u m  size of the cavi ta t ion r e c e s s  fo rmed .  

Thus the p r o c e s s  of fo rma t ion  of a c r a t e r  i s  thought of as  consis t ing of two phases :  1) the p e n e t r a -  
tion of the p ro jec t i l e  (part icle)  into the b a r r i e r  with the fo rmat ion  of a cavi tat ion r e c e s s ;  2) the d i sp l ace -  
ment  or  e ject ion (at h igher  p ro jec t i l e  ene rg i e s  i t  i s  explosive  in cha rac te r )  of d is in tegra ted ,  molten,  or  
evapora t ed  t a rge t  and pro jec t i l e  m a t e r i a l s ;  this i n c r e a s e s  the d i ame te r  of the c r a t e r  a t  i ts  bot tom where 
the p r e s s u r e  i s  m a x i m u m  without app rec i ab ly  changing the size of the c r a t e r  a t  the sur face ,  of the depth 
of penet ra t ion .  

As  in a liquid or  gas  the coeff icient  of r e s i s t a n c e  C x genera l ly  depends on the ve loc i ty  of the pro jec t i l e  
and the c h a r a c t e r i s t i c s  of the t a rge t  and p ro jec t i l e  m a t e r i a l s  such as  densi ty,  stre.ngth p r o p e r t i e s  etc.  We 
wri te  C x as  a power  function of ~ = p v 2 / 2 a  and 0 = P / P o :  

C~: : ~ (0• n. (7) 

The p a r a m e t e r  (0 ~) can be r e g a r d e d  as  the analog of the ]Reynolds number  for  the motion of bodies  in a 
liquid or  gas;  the constant  ~ depends on the shape of the body. 
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I t  i s  phys ica l ly  jus t i f ied  to take the s t rength  c h a r a c t e r i s t i c  cr in Eqs.  (3)-(7) as  the c o m p r e s s i o n  

s t rength.  

The re la t ive  depth of pene t ra t ion  h / q  and the re la t ive  d i a m e t e r  of the c r a t e r  D / ~  as  functions of the 
i m p a c t  speed v o and the t a r g e t  and p ro jec t i l e  c h a r a c t e r i s t i c s  a re  obviously de te rmined  by the va lues  of n 
and u. 

From Eqs. 

fo r  n ~ 0 

for n = 0 

(2) and (5) we obtain: 

h __ 1 o-(n+l) [• 1], (8) 
~'~ 1 ~  

�9 h _ 1 0 - f I n •  ' ( 9 )  

Eqs. 

S " a0.u~§ (I0) 

S o , 

F o r  spher ica l  pa r t i c l e s ,  used in m o s t  e x p e r i m e n t s  on the in te rac t ion  of f a s t  p a r t i c l e s  with b a r r i e r s ,  
(8)-(10) take the fo rm:  

f o r n  ~ 0  
h .... 2 0 "(n-H) [ •  i I ,  (11) 

D o 3rex 

f o r n =  0 

t ~ _  2 0- '  ln• (12) 
Do 3= 

1 a . n q - |  

D ~ 0  ~- ~, = a "  z0 - (13) 
Do 

The p r o c e s s i n g  of the e x p e r i m e n t a l  data [1-5] on the pene t ra t ion  of f a s t  spher ica l  p a r t i c l e s  into s e m i -  
infinite b a r r i e r s  of p las t ic  and br i t t le  m a t e r i a l s  fo r  v 0 = 3-16 k m / s e c  and h/D 0 > 1 indicates  that the m o s t  
p robable  va lues  of a and a a re :  ~ = 5.4, a = - -1 /3 .  

Final ly  the working f o r m u l a s  fo r  de te rmin ing  the re la t ive  depth of pene t ra t ion  h/D 0 of spher ica l  p a r -  
t i c les  for  h / D  0 > 1 and the re la t ive  d i a m e t e r  of the c r a t e r  D / D  0 take the fo rm:  

2 1 

1 1 

D = 2.32 - -  
Do ~ 2• ] 

F igure  1 c o m p a r e s  the values  of h /D0 and D / D  0 calcula ted  by Eqs.  (14) and (15) with data f r o m  [1-4]. 

Fo r  the motion of f a s t  p ro j ec t i l e s  in soft  m a t e r i a l s ,  po rous  and loose media  ia  a p p e a r s  that  C x -~ coas t  
(n = 0) and the re la t ive  depth of pene t ra t ion  i s  desc r ibed  by Eqs.  (10) and (13). 

NOTA TION 

h i s  the path  length or  depth of penet ra t ion ,  m; 
D is  the d i ame te r ,  m; 
S is  the a r e a ,  m2; 
V i s  the volume,  m3; 
m is  the m a s s ,  kg; 
t i s  the t ime,  sec;  
v i s  the veloci ty ,  m / s e c ;  
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p is the density kg/m3; 
a is the compression strength, N/m2; 
C x is the resistance coefficient. 

The subscript 0 denotes initial pa ramete rs  and particle (projectile) character is t ics .  
out subscripts are flow parameters  or  target character is t ics .  

Quantities with- 

11 
2. 
3. 
4. 
5. 
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