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PHENOMENOLOGICAL MODEL OF PUNCH-THROUGH 

S. T. Mileiko and O. A. Sarkisyan UDC 539.3.534ol 

At this time the most widespread method for analyzing the punch-through process, based on a numerical 
procedure for solving the problem posed under any assumptions about the constitutive equations of the medium 
and, as a rule, without considering fracture processes (e.g., [I]), yields results that are not always convenient 

from the practical viewpoint. In particular, these results are difficult to compare with experimental data in 
which the critical punch-through velocities are most often recorded (e.g., [2, 3]). In the probable future, when 
crack generation and development criteria and the constitutive equations of a medium become sufficiently reli- 
able under high-speed loading conditions, numerical methods will permit the efficient solution of practical 
problems. However, at this time there is a need for simple models to describe the punch-through process. 
The model proposed is an example of this kind of phenomenology. 

It is shown in [2] that in those cases when punch-through is accompanied by the recovery of a "plug," the 
main contribution to the resistance against inserting the impactor is from plastic deformation or brittle frag- 
mentation of a comparatively thin cylindrical layer. In this case, at least if plastic deformation occurs, it is 
evident that the resistance to the impactor motion should depend on the velocity v of the impactor. 

Let us assume that the quantity F for a given impactor-obstacle pair depends only on v. (It is clear that 
this assumption is invalid when the impactor is near the obstacle surface, hence, we consider only obstacles 
of sufficiently great thickness.) Let us approximate this dependence by a power-law function 

f (v)  = --Kv~, 

w h e r e  K and n a r e  cons t an t s ,  

If v - v 0 for  x = 0 (x is the coo rd ina t e  in the d i r e c t i o n  of i m p a c t o r  mot ion  and the o r i g i n  is on the f ron ta l  
s u r f a c e  of the obs tac le ) ,  then 

v~ - ~  - -  v 2 - ~  = k (2  - n )  x ,  

where  k = K / m  and m is the i m p a c t o r  m a s s .  

F o r  an obs tac le  t h i cknes s  h we have the c r i t i c a l  ve loc i ty  v 0 = v .  of the i m p a c t o r  so that  v = 0 for  x = h: 

v, == k(2 - -  n)h. 

F o r  v 0 > v ,  we have the ve loc i ty  v1 of i m p a c t o r  tak ing  off f r o m  the obs tac le  so that  

w h e r e  v = v / v . .  

The r e s u l t  obta ined  (which c o r r e s p o n d s ,  for  n = 0, to the condi t ion  of cons tancy  of the ene rgy  abso rbed  
by the obs tac l e ,  and is s o m e t i m e s  [4] t aken  as be ing su f f i c ien t ly  evident) t u r n s  out to be wonder fu l ly  s imp le :  
the cu rve  v~(v 0) is independen t  of the obs t ac l e  t h i ckness .  This s i m p l i c i t y  r e q u i r e s  conv inc ing  e x p e r i m e n t a l  con -  
firmation. 
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TABLE i 

No. of Obstacle 
c u r V e  

in Fig. Lmateriat 

I IAMg-~ 

I I  VT-14 

I l I  Zopper MCh 

Notation 
of points 
in Fig. 

1 
:9. 
3 
4 
1 
2 
3 
1 

d,  ITHT] 

6,37 
6,37 
6,37 

t0;:3 
6,37 
6,37 
6,37 
6,37 
t0,3 

250 
350 
405 
228 
240 
335 
423 
300 
220 

h~ HIH! 

1,97 
3,00 
4,00 
3,37 
1,00 
1,43 
2,05 
t,50 
1,50 

T A B L E  2 

Material punch- d~ect 
through experiment 

AMg-6 
VT- 14 
Copper MCh 

0,35 [ 0,3 [61 
0,3i o,l [7 l 
0,37 0,6 [81 

o!O 
2 - - - -  i o 

o �84 I l.. L." ~oO 

,; ~'! e [ .e , 
' I  qV [o 1 

~0 
Fig .  1 

An e x p e r i m e n t  was  posed  by the method  and on the  a p p a r a t u s  d e s c r i b e d  e a r l i e r  [2], excep t  that  the  a p -  
p a r a t u s  was  p r o v i d e d  wi th  a s e c o n d  uni t  to m e a s u r e  the v e l o c i t y  vt w i th  an a p p r o p r i a t e  m o d i f i c a t i o n  of the 
method .  The r e s u l t s  of  the  e x p e r i m e n t  on punching t h rough  an o b s t a c l e  of c o p p e r ,  a l u m i n u m  AMg-6  and t i -  
t a n i u m  VT-14  a l loys  by s t e e l  b a l l s  a r e  r e p r e s e n t e d  in F ig .  1 (the cond i t ions  for  the  e x p e r i m e n t  and the n o t a -  
t ion of the  points  a r e  p r e s e n t e d  in Tab le  1). 

The e x p e r i m e n t a l  r e s u l t s  a r e ,  as  is  s e e n ,  s t a c k e d  s u f f i c i e n t l y  we l l  wi th in  the  f r a m e w o r k  of a s i n g l e  
c u r v e  vl(v0) , even as  the  d i a m e t e r  d of the b a l l - i m p a c t o r  c h a n g e s .  Hence ,  i t  can  be a s s u m e d  that  the quan t i t y  
n in the p o w e r - l a w  a p p r o x i m a t i o n  F(v) is  d e t e r m i n e d  only by the o b s t a c l e  m a t e r i a l ,  i . e . ,  the  d e p e n d e n c e  of a 
c e r t a i n  c h a r a c t e r i s t i c  s t r e s s  (for i n s t a n c e ,  the y i e l d  point  or.) on the  s t r a i n  r a t e  ~. In such  a c a s e  the  c h a r -  
a c t e r i s t i c  d i m e n s i o n  a(v = ~a) shou ld  be the  t h i c k n e s s  of the  p l a s t i c a l l y  d e f o r m a b l e  o r  s p a l l e d  c y l i n d r i c a l  l a y e r  
[2] o b s e r v a b l e  d u r i n g  punch - th rough .  The r e a l  v a l u e s  of the  quan t i t y  a a r e  on the  o r d e r  of 1 mm;  t h e r e f o r e ,  
at  the  v e l o c i t i e s  102-103 m / s e c  the  q u a n t i t i e s  ~ a r e  on the o r d e r  of 105-106 s e c  -1. This  m a k e s  d i f f i cu l t  the  c o m -  
p a r i s o n  of quan t i t i e s  ob ta ined  in e x p e r i m e n t s  on p u n c h - t h r o u g h  wi th  d i r e c t  m e a s u r e m e n t s  of  the  d e p e n d e n c e  
o-, (~): the  m a j o r i t y  of e x p e r i m e n t a l  r e s u l t s  of th i s  k ind  a r e  c o n s t r a i n e d  to the  s t r a i n  r a t e s  104-105 s ec -~ [5]. 
N e v e r t h e l e s s ,  the  c o m p a r i s o n s  p r e s e n t e d  in Tab le  2 q u a l i t a t i v e l y  i n d i c a t e  the  r e a s o n i n g  p r e s e n t e d .  

Conditioms of the e x p e r i m e n t s  f r o m  whose  d a t a  the  qua n t i t i e s  in Tab le  2 have  been  d e t e r m i n e d  a r e  p r e -  
s e n t e d  in [6-8].  P o l y c r y s t a l l i n e  a l u m i n u m  at r o o m  t e m p e r a t u r e  was  used  in [6], the  c h a r a c t e r i s t i c  s t r e s s  ~ .  
c o r r e s p o n d s  to 20% p l a s t i c  d e f o r m a t i o n ,  e = 105-1.2 �9 105 s e e - l ;  t e c h n i c a l l y  p u r e  t i t a n i u m  at  r o o m  t e m p e r a t u r e  
was  used  in [7], and the quan t i ty  ~ ,  c o r r e s p o n d s  to 0.2% p l a s t i c  d e f o r m a t i o n  and e = 5 �9 102-5 �9 103 s e e - l ;  c o p p e r  
at  r o o m  t e m p e r a t u r e  was  u sed  in [8] and ~ ,  c o r r e s p o n d s  to 5% d e f o r m a t i o n ,  whi l e  ~ = 5 �9 103-5 �9 104 s e e  -1, 

The s i m p l e  f o r m u l a  ob ta ined  above  fo r  the  c r i t i c a l  p u n c h - t h r o u g h  v e l o c i t y  v ,  as  a funct ion  of the o b s t a c l e  
t h i c k n e s s  h shou ld  be c o r r e c t e d ,  t ak ing  into accoun t  that  F = 0 f o r  x = 0 and x = h. 

The au tho r s  a r e  g r a t e f u l  to G. Yu. P e r e g u d o v a  and E. D. P a n t e i e e v  f o r  a id  in execu t ing  the  e x p e r i m e n t .  
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ESTIMATION OF THE TEMPERATURE ON THE HUGONIOT 

ADIABAT BY USING THE "MIRROR IMAGE" RULE 

A. A. Dolgov and M. Yu. Mess inev  UDC 541.12.03 

Existing methods of computing the tempera ture  of a solid body compressed  by a shock, which require  
tedious calculations,  a re  approximate to some degree or  other.  This is associated both with the inaccuracies  
in giving the potential and the magnitudes of its governing coefficients and with the select ion of the equation 
of state.  In pract ical  computat ions,  the approximation F / V  = F0/V 0 is often used, where F is the Grunhausen 
coefficient,  V is the volume, and the subscr ipt  zero  refers  to the initial state of the substance [1, 2], and the 
" m i r r o r  image" rule also. The foundation for this rule is the law for doubling the mass flow rate of a sub- 
stance u H in an unloading wave [3, 4] which has been established experimental ly for  not too high p ressures  PH 
in the shock. 

In many papers [4-7], the agreement between the unloading isentrope and shock compressibility curve in 
p-u-coordinates is used to evaluate just one of the Riemann integrals governing the shape of the isentrope on 
the p-V plane. This procedure permits giving an estimate of the magnitude of the volume increment of the 
material because of the irreversible shock heating after unloading to zero pressure: 

P 

0 

(1) 

However, within the framework of the same "mirror" approximation, it is possible to write a second 
Riemann integral also for the energy E: 

P 

a re$ \ op] 
0 

(2) 

Since (1) and (2) for the residual  pa ramete r s  are  formal ly  equivalent, the question occurs  as to which 
descr ibes  the thermodynamics  of shock compress ion  best. 

Both the true and the " m i r r o r  image ~ residual  quantities admit of expansion in Taylor  ser ies  at low 
pressures .  For  deviations of these pa ramete r s  it is possible to obtain 

AVtrue__ A~Vres ' .., p3 ~ AVtrue ~ AEre s __AffYres ~ p~ 

f rom which it follows that the " m i r r o r "  approximation for the energy (2) best descr ibes  the thermodynamics  
of shock compress ion .  The use of (1) resul ts  also in substantial  inaccuracies  in computing the shape of the 
" m i r r o r "  isentropes [7]. 

It is possible to a r r ive  at the same deduction by comparing the thermodynamic consequences of the inte- 
grals  (1) and (2) with the extensively used approximation F / V  = const. As in [8], the thermodynamic  equality 
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