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Using a capacitive sensor  [1], the propagation of shock waves in steel specimens,  produced by contact 
detonation of a plane wave charge of an explosive material ,  is studied. Monotonic damping of the shock-wave 
maximum p re s su re  with increase  in distance f rom the contact surface was observed.  The propagation ve-  
locities of the f i rs t  and second shock waves were calculated. Calculations were conducted with the use of 
the known velocity of an elast ic wave and the experimental ly determined time intervals for emergence  of 
the wave at the free surface of plates of varying thicknesses .  The experiments  showed that up to thicknesses  
x t /h  ~ 1.35 (x t, specimen thickness; h, charge height) the shock wave in steel propagates  in the form of three 
steps, which fur ther  degenerate into two. 

In the study of D. Bancroft  [2] the complex s t ructure  of shock waves in steel  was discovered,  using 
contact sensors ,  The profile of shock-wave p r e s s u r e s  ar is ing from the blow of a plane s t r iker  in steel have 
been studied by D. Hughes [3]. A detailed analysis  of the f i r s t  and second shock waves in Armco iron, using 
a capacitive sensor ,  was per formed by Taylor [4]. A ser ies  of works by S. A. Novikov, A. G. Ivanov, and 
others  was dedicated to the study of compress ion  shock waves in iron and steel [5-8]. An optical method was 
used for the same purpose in P e y r e ' s  work [9]. In the works mentioned, it was noted that in the p r e s s u r e  
range 130-360 kbar the p r e s s u r e  impulse in iron and steel propagates  in the form of two success ive  com-  
press ion  waves which c a r r y  the basic p r e s su re  and a p re l iminary  elast ic wave of significantly lower am-  
plitude. 

In this study an experimental  investigation was made of damping in steel specimens of shock waves 
produced by detonation upon the surface of a t r ini trotoluene charge of diameter  d = 50 mm and height h = 10 
ram. Damping of the shock waves was produced by wave discharges ,  driving the waves f rom the direct ion 
of the charge.  The detonation was initiated with a plane-wave lens, in a manner such that the time difference 
for emergence  of the detonation wave at the limit of the division with the steel bar did not exceed 0.1 ~sec .  
The inert lenses used had little effect on the load profile,  this being evaluated by their  deter iorat ion.  The 
signal from the capacitive sensor  was recorded  by an OK-17M oscil lograph.  The relationship be tweenpres -  
sure profile in the shock wave and specimen thickness (xi) was established. The specimens were cut f rom 
a single rod of St. 3, the mater ia l  being employed in the state supplied. The osci l logram of the signal ob- 
tained with explosive loading of a disc of thickness x 1 = 6~ ram, and the change in velocity of the free su r -  
face of the disk, obtained after process ing  of the osc i l logram,  a re  shown in Fig. la ,  b (marker  frequency is 
4 MHz; 1) elastic wave, 2, 3) f i rs t  and second shock waves). Osci l logram process ing  was done by the fo r -  
mula 

t 

~ (~) 
0 

where W(t) is the velocity of the disk free surface,  V(t) is the amplitude of the signal taken from the sensor ,  
5 and C O are the initial distance between plates of the measurement  capaci tor  and its capacitance, E is the 
voltage of the potential source,  and R is the input impedance of the osci l loscope.  
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C a l c u l a t i o n s  w e r e  conduc ted  on a d i g i t a l  c o m p u t e r  wi th  t i m e  s t ep  
of  5 �9 10 -8 s ee .  P r e s s u r e  was  c a l c u l a t e d  f r o m  f r e e  s u r f a c e  v e l o c i t y  by 
the  law of p r e s e r v a t i o n  of i m p u l s e  P =pUD,  w h e r e  U = W / 2 ,  P is  the  
s h o c k - c o m p r e s s i o n  p r e s s u r e ,  and p is  the  d e n s i t y  of the  m a t e r i a l .  In-  
a s m u c h  as  the  c o m p r e s s i o n  has  a d i s c o n t i n u o u s  c h a r a c t e r ,  e v e r y  s t ep  
m u s t  have i t s  own va lue  of  shock  wave  v e l o c i t y  D with  c o n s i d e r a t i o n  
of t he  f ac t  tha t  e v e r y  s u b s e q u e n t  p u l s e  p r o p a g a t e s  in a m a t e r i a l  which  
is  a l r e a d y  in mot ion .  

To d e t e r m i n e  the v e l o c i t y  of the  e l a s t i c  wave  Dl0 in [5], m u l t i s t e p  
s e n s o r s  w e r e  u sed .  D i r e c t  m e a s u r e m e n t  of the  v e l o c i t i e s  of the  s econd  
and t h i r d  shock  w a v e s  r e l a t i v e  to the  f low b e f o r e  t h e i r  f r o n t  ]321 and Dz2 
is  qui te  c o m p l i c a t e d .  T h e r e f o r e ,  we wi l l  e m p l o y  on ly  the  va lue  D10, and 
the  v e l o c i t i e s  D21 and D32 wi l l  be c a l c u l a t e d  us ing ,  a s  in [3], the  s i m p l e  
r e l a t i o n s h i p s  ev iden t  f r o m  x - t  d i a g r a m s  of  the  p r o c e s s  of shock-wave  
p r o p a g a t i o n  in a d i s c :  

D~I = ( - -  B q-  ] / B  ~ - -  4 A C )  / 2 A  (A = t2, B =!Dlot2 - -  xl q- 2Ulh, 

C = -- (xl --  Ulh) (D102f- U~) (2) 

w h e r e  t 1 and t 2 a r e  the  t i m e s  f r o m  a p p l i c a t i o n  of  p r e s s u r e  to  e m e r g e n c e  of the  e l a s t i c  and f i r s t  shock  wave  
at  the  f r e e  s u r f a c e ,  and U 1 is the  m a s s  v e l o c i t y  beh ind  the  f ron t  of the  e l a s t i c  wave .  T h e r e f o r e ,  if D21 >> U 1 
and t 2 is  l i t t l e  d i f f e r e n t  f r o m  t l ,  then  

Wi th  th i s  s u p p o s i t i o n  

D~I "~ xx / t2 - -  Ux (3) 

Ds~ ~.~ ( - -  B -~ ]/'B-~ - -  4 A C )  / 2 A  

A -=- tal B = n z l t  ~ - - x  1 ~ - 2 U 2 t 2 ,  C = - -  ( x  I - -  Uzt2) (D21 ~- U2) (4) 

w h e r e  t 3 i s  the  t i m e  f r o m  p r e s s u r e  a p p l i c a t i o n  unt i l  e m e r g e n c e  of the  s e c o n d  shock  wave ,  and U 2 is  the m a s s  
v e l o c i t y  behind the  f ron t  of  the  f i r s t  shock  wave .  

It is  a s s u m e d  in Eqs .  (2-4) tha t  e ach  s u c c e e d i n g  p r e s s u r e  i n c r e a s e  p r o p a g a t e s  in an a l r e a d y  moving  
m e d i u m .  

T a b l e  1 p r e s e n t s  the  r e s u l t s  of the  e x p e r i m e n t s  by  wh ich  the  v e l o c i t y  of the  f i r s t  shock  wave  was  
d e t e r m i n e d ,  wi th  t 1 = xi /D10,  t 2 = t 1 +/xtel.  The t i m e  va lue  fo r  e m e r g e n c e  of the  wave  At21 was  d e t e r m i n e d  
f r o m  the  o s c i l l o g r a m .  The  e l a s t i c  wave  v e l o c i t y  Dlo = 6.01 k m / s e c  was  t aken  f r o m  the  da ta  of  L. V. A P t -  
s h u l e r  [10]. 

As  fo l lows  f r o m  T a b l e  1, wi th  a p r o b a b i l i t y  of 0.95, D21 = (5.27 * 0.04) k m / s e c .  The  p r e s s u r e  i m p u l s e  
c o r r e s p o n d i n g  to the  po in t  of  p h a s e  t r a n s i t i o n  p r o p a g a t e s  wi th  th i s  v e l o c i t y .  In c a l c u l a t i n g  the  v e l o c i t y  D21 
the  m a s s  v e l o c i t y  beh ind  the  f r o n t  of  the  e l a s t i c  wave  was  t aken  f r o m  the o s c i l l o g r a m  and was  equa l  to U l = 
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TABLE 1 

Xt~ Atz~, D~I, :el, At2t, D2t, 
mm psec km/sec  mm psec km/sec  

~.0  
4.5 
5.7 
6.2 
6,2 
6.2 
6.7 
7.2 

7 . 5  
7.5 
9.7, 
9.7 

t0,0 

0.10 
0.t0 
0.t0 
0.15 
0.15 
0.t5 
0.15 
0.20 
0.20 
0,20 
0.20 
0.20 
0.25 

5.t0 
5.26 
5.36 
5.2t 
5.21 
5.2t 
5.24 
5 . t t  
5.t2 
5.t2 
5.30 
5.30 
5.i8 

10.0 
1~3.0 
10.0 
i2.2 
t2.5 
12.5 
13.7 
14,0 
t4.5 
t8 . t  
t9.8 
t9.8 " 
22.0 

0.25 
0.25 
0.20 
0.35 
0.25 
0.25 
0.30 
0.30 
0.35 
0.40 
0.45 
0.45 
0.50 

5.18 
5.18 
5.32 
5.08 
5.32 
5.32 
5.27 
5.28 
5.22 
5.25 
5.22 
5.23 
5.25 

T A B L E  2 

x,, mm D21, kin/see 2~,,km/sec 2U~,km/sec 2b'~,km/sec Ate,, ~sec D~, km/sec 

5.27 
5.27 
5.27 
5.27 
5.27 
5.27 
5.27 
5.27 
5.27 
5.27 
5.27 

0.050 
0.074 
0.060 
0.070 

o.-o-7o 

0. 760 
0. 700 
O.65O 
0.650 
0. 638 

o.~-50 

o.~-74 
0.624 
0.6i2 

t .060 
i.O00 
0.990 
O. 920 
0.816 

0.780 

4.0 
6.2 
6.7 
7.5 

lO.O 
12.2 
t2.5 
t3.7 
t4.0 
18.t 
i9.8 

o55 
0.25 4.t3 
0.20 4.28 
0.30 2.71 
0.35 2.34 
0.40 2.68 
0.30 2.59 

(32.4 �9 5.6) m/see .  The velocity of the second shock wave D32 was determined by Eq. (4). Necessa ry  ex- 
per imental  data and resul ts  of calculation are  shown in Table 2~ In the calculations an average mass  ve-  
locity for the f i rs t  shock wave U 2 = (327 �9 27) m/ see  was used, since up to xl /h = 1.35 it was not observed 
to be damped. 

On the basis of experimental  measurements  of mass velocit ies and calculated shock-wave velocit ies,  
profi les of the p r e s s u r e  impulse in steel specimens were found for thicknesses  0.4 ~ xl/h-< 1.98. The 
change in shock-wave p r e s s u r e  with increase  in specimen thickness is shown in Fig. 2 [1) elastic-wave p r e s -  
sure,  2) f irst-shock-wave p re s su re ,  3) maximum shock-compression p ressure ] .  The p r e s s u r e  at each step 
was calculated f rom the p r e s s u r e  at the previous one: 

Pro = po0U1Dlo (5) 

P =  = Pxo (U~ - -  Ux)D~I (6) 

P32 = P~I (Ua - -  U~) D32 

plo ~ Poo~ P21 ~.~ poo Dal --  (U~ --- U~) 

where P00, Pl0, and P21 are  the densit ies of the undisturbed material ,  that behind the elast ic wave, and that 
behind the f i rs t  shock wave. 

As the experimental  measurements  and calculations based thereon show, the maximum shock-com- 
press ion  p re s su re  in the steel samples over the thickness range studied 0.4-< xi/h--< 1.98 monotonically 
decreases  with increase  in thickness.  It was discovered that up to x i / h ~ l . 3 5  the p re s su re  profile in the 
steel specimen has a th ree-s tep  charac ter .  Over the range studied, the experimental  conditions insured 
unidimensionality, and therefore  significant change in elast ic p r e s su re  P10 = 15 kbar did not occur .  The 
p re s su re  of the phase transi t ion P2 =145 kbar (in [7], 147 kba r )up  to a thickness x i / h  = 1.35 also did not 
change. 
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