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A la rge  number of theoret ical  and experimental  a r t i c les  havebeendevoted  to the study of the p ropa-  
gation of elast icoplastic waves in thin bars .  In these ar t ic les  the main s t r e s s  is laid on the verif icat ion 
and compar i son  of the one--dimensional theor ies  of Rakhmatulin, Taylor ,  and Karma,". and Sokolovskii, and 
Malvern. 

The presen t  a r t i c le  cons iders  plastic waves in copper  plates,  when the t r a n s v e r s e  components  of the 
deformation cannot be neglected. The propagation of the longitudinal and t r a n s v e r s e  components of the p las -  
tic deformat ions  is demonst ra ted  experimentally.  No effect of the deformation ra te  was observed.  A num-  
ber  of curves  charac te r i z ing  a plastic pulse a re  plotted. 

F r o m  the well-known experiments  of Bell, and those of Clifton and Bodner [1] and of a number of other 
authors,  as well as f rom the resu l t s  of experiments  with wave- type loading [2, 3], the conclusion can be 
drawn that the spect rum of the ra tes  of propagation of deformations in a plastic pulse depends only very  
slightly on the deformation rate.  This has explained the good agreement  between the experimental  data and 
the R a k h m a t u l i n - T a y l o r - K a r m a n  theory,  and has permi t ted  a ~.umber of authors  to modify it, introducing 
the deformation ra te  into the equations as  a parameter .  

The assumption adopted here  with respec t  to the equality to zero  of the t r a n s v e r s e  deformation is 
ra ther  rough, and is rougher  the g rea te r  the ra t io  of the d iameter  of the bar to its length. To evaluate the 
effect of the scheme of the s t r e s s -de fo rma t ion  state on the propagation and proper t ies  of plastic waves,  the 
authors of the present  ar t ic le  made a se r ies  of experiments  on the elongation of copper  plates by a pulsed 
d ischarge  of explosives. The experimental  scheme made it possible  to r eco rd  the dynamics of the pr inc i -  
ple deformations el and ~2 in the plane of the plate. 

1. E x p e r i m e n t a l  M e t h o d  

To record  the deformations,  a h igh-speed moving-p ic ture  s t reak c a m e r a  (rate 5. l0 s f r a m e s / s e e )  was 
used to photograph the picture of the mol t6  bands forming on the basal  surface  of the sample.  An emulsion 
having a grat ing with a line ruling of 40 l i n e s / m m  was glued to the polished sur face  of the plate with an 
epoxy-based resin.  The control  grat ing was p res sed  c losely  against  the basal  sur face  through a thin layer  
of glycerin.  The moir6 pictures  were  interpreted using the method of [4]. 

Samples of M2 co ld- ro l led  copper  were  cut along the direct ion of rolling. The working sur face  of the 
samples  was 75 x 10 mm 2, and their  thickness 2.5 mm. The normal  elastic modulus E = 11,100 k g / m m  2. 

A schematic  d iagram of the loading is shown on Fig. 1. The sample 1, with a rec tangular  notch in its 
tip, one side of which was rounded off to conform to the radius of the firing pin, the ha l f -cyl inder  2, was 
loaded by the explosion of a charge  of explosive 4, placed in the chamber  3. The cheekpiece 5, fitting into 
the notch in the sample,  was attached to the r igid support  6. A regular  gap 8 was left between the cheek-  
piece and the edge of the notch. The plate 9 prevented the explosion products  f rom getting into the field of 
the photography. The charge  of explosive (0.7 g PETN, poured density 1.3 g / c m  3) was detonated by the d i s -  
charge  of a bat tery  of high-vol tage condensers  through the wi re  7. The advantage of the scheme consis ted 
in the possibi l i ty of regulat ing the amplitude, the duration, and the slope of the charge  pulse by means of 
the gap 8, and by a change in the mass  of the charge.  The r e a r  par t  of the sample  was held in a special  
clamp. 
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2. R e s u l t s  and D i s c u s s i o n  

The load ing  c o n s i s t e d  in a monoax ia l  p l a n e - p a r a l l e l  s t a t e  with two p r i n c i p a l  d e f o r m a t i o n s ,  long i tud ina l  
~1 and t r a n s v e r s e  c 2. A l i n e a r  g r a t i n g  with l i n e s  a c r o s s  the s a m p l e  was  used  to b r i n g  out el, and a g r a t i n g  
with l i ne s  a long  the s a m p l e  to d e t e r m i n e  e~; an o r thogona l  g r a t i ng  was  usc~l for  the c o m b i n e d  r e c o r d i n g  of 
r and e. 2. Unfor tuna te ly ,  the o r thogona l  g r a t i n g  c o n s i d e r a b l y  w o r s e n e d  the qual i ty  of the image ,  and only 
the r c o m p o n e n t s  w e r e  v i s i b l e  on the m o v i n g - p i c t u r e  photos .  We note  that  the d e f o r m a t i o n s  m e a s u r e d  by 
the  m o i r ~  method  a r e  of the  E u l e r  type.  

Figures 2a and b give mo~ing-picture photos illustrating the propagation of c I and ~z" The time be- 
t~veen frames was 12 b~see, and the exposure time 1 #sec. The distribution of the profile of the plastic waves 
was determined by photography in several cross sections along the length of the sample. The dependence 

= c(t) was determined. 

Figure 3 gives profiles of plastic waves. The rates of propagation of the longitudinal components of 
the deformation c I = cl(~l) and the transverse components e 2 = c2(~2) were determined from known profiles 
and from the distances between cross sections. It was found that the rates of propagation of the deforma- 
tions do not depend on the position of the cross section. Since, along the length of the sample, with increas- 
ing distance from the origin the curves a = e(t) become flatter and flatter, the deformation rate decreases 
in the same direction. An evaluation of the dependence of the deformation rate on the position of the cross 
section of ihe sample shows that it is close to hyperbolic. It can be concluded that, within the limits of er-  
ror  of the photography, the velocities c i and c 2 do not depend on the deformation rate. (This error  is from 
7 % with small deformations to 3 % with upper values of the deformation). It must be noted that the very 
form of the visualization of the deformations a 2 made it possible to use a positive differential moir~ to re -  
cord the whole spectrum of the deformations, starting with elastic deformations. It is more difficult to 
plot the profile of the wave el, due to the superposition of elastic waves of the shock front reflected from 
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the  c a p t u r e  and the  d i r e c t  p las t i c  wave.  F o r  p u r p o s e s  of r e l i a b i l i t y ,  tile p r o f i l e  of the wave  e I (the l ower  
c u r v e s  on F ig .  3) is  g iven s t a r t i n g  f rom e I = 0.62 %. 

On the f igure ,  the c u r v e  c I = Cl(Gl) is  ex t rapo la ted  f r o m  G 1 = 0.62% to the  va lue  of the long i tud ina l  shock 
wave  in the pla te ,  u n d e r  the a s s u m p t i o n  that  t h e r e  a r e  no poin ts  of in f l ec t ion  on the  c u r v e  (Fig.  4), s t a r t i n g  
f r o m  the  form of the dependence  c 2 = c2(a2). 

A c c o r d i n g  to the r e s u l t s  of an a n a l y s i s ,  the g r e a t e s t  t r a n s v e r s e  d e f o r m a t i o n ,  p r opa ga t i ng  at  the v e -  
loci ty  of the shock waves ,  i s  0.042 %, and the g r e a t e s t  l ong i tud ina l  d e f o r m a t i o n  is  0.063 % (ex t rapo la ted  value) .  

At ten t ion  m u s t  be drawn to the effect  of the length of the s a m p l e  on the data  obta ined.  In the r eg ion  of 
the t r a n s i t i o n  f r o m  e las t ic  d e f o r m a t i o n s  to p las t i c  they b e c o m e  t h i n n e r ,  with a c o n s i d e r a b l y  g r e a t e r  length  
of the work ing  sec t ion .  However ,  one of the a i m s  of the e x p e r i m e n t s  was  to ob ta in  the d e g r e e  of r e f l e c t i o n  
of a p las t ic  wave  f r o m  c a p t u r e .  The  pho tographs  (Fig. 5) i l l u s t r a t e  mo i r ~  p i c t u r e s  of the d i s t r i b u t i o n  of the 
r e s i d u a l  d e f o r m a t i o n s .  F i g u r e  5a c o r r e s p o n d s  to the case  of comple te  exhaus t ion  of the p l a s t i c  waves ;  in 
Fig.  5b, the wave a r r i v e s  at cap tu re  and is r e f l ec t ed .  The r e f l ec t ed  p l a s t i c  wave has  the s ign  of the d i r e c t  
wave and, with cap tu re ,  the r e s i d u a l  d e f o r m a t i o n  i n c r e a s e s .  F igu re  5c shows the combined  d i s t r i b u t i o n  

of c l and G 2. 

It was  of i n t e r e s t ,  us ing  the c u r v e  of c 1 and cl(G1), to plot  the dyna mi c  c u r v e  ~ = f ( G 1 )  in  a m a n n e r  
s i m i l a r  to that  u sed  in the i n v e s t i g a t i o n  of b a r s .  It i s  wel l  known that  in  b a r s  the r a t e  of p ropaga t ion  of a 

g iven d e f o r m a t i o n  c ~ (Et/p) 1' ; w h e r e  Et = E with G-< G0, Et  = d a / d G  with e >G0; p is  the dens i ty ;  ~0 is  the 
g r e a t e s t  va lue  of the d e f o r m a t i o n ,  p ropaga t ing  at  the ve loc i ty  of the e las t i c  p e r t u r b a t i o n .  

An ana logous  dependence  was  adopted a s  a b a s i s  in  the  c a s e  of a p la te  

t.:t E t ~ E  with e~e~0 
cl = p (t - -  v 2) ' E t = do/de with el ~ elo 

H e r e  the quant i ty  v p lays  the  r o l e  of a s i m p l i f y i n g  f a c t o r ,  due to the e x i s t e n c e  of c o n s i d e r a b l e  t r a n s -  

v e r s e  de fo rma t ion .  A s s u m i n g  v to be  the r a t i o  of the t r a n s v e r s e  d e f o r m a t i o n  to the long i tud ina l  a t  a given 
m o m e n t  of t ime ,  and on the b a s i s  of e x p e r i m e n t a l  data ,  i t  was  pos tu la ted  that  v = 0.5. The  i n s t a n t a n e o u s  
va lue  of v is  r e l a t i v e l y  s t a b l e  in the i n v e s t i g a t e d  r a n g e  of d e f o r m a t i o n s  e 1 a nd  ~ (0.30-2%),  al though th is  is  
c o n t r a d i c t e d  by the  fac t  that  e10=0.063%, and ~20 = 0.042%. 

F r o m  the known va lue  E t = Et(el) , the  method of n u m e r i c a l  i n t e g r a t i o n  was  used  to plot  the c u r v e  ~ = 

f (e l )  (Fig.  6) 
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=~0 + I Et (e,)de,, ~0 = ~:,0E = 7 kg/mm 2 

An analysis of the moving-picture photos shows that, in the range of longitudinal deformations from 
0.6 to 2%, the elastic load is equal to 0.14-0.18%, which corresponds to a dynamic model of the loading, ex- 
ceeding by three times the value of E with ~I = 1%, and approaching the value of E with a decrease of ~I to 

~I0" 

In conclus ion  the re  must  be noted the p r e s e n c e  of a region of constant  r e s idua l  deformat ion  at  the 
s t a r t  of a sample ,  with an extension of ~ 10 mm (Fig. 5). This  r e l a t i ve ly  l a r g e - s i z e  region  must  be explained 
by the wash ing-ou t  of the r e a r  f ront  of the pu lse  appl ied to the ze ro  c r o s s  sec t ion  of the working p a r t  of the 
sample ,  due to the spec ia l  c h a r a c t e r  of the loading scheme.  
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