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The energy of explosives has been increasingly used in recent t imes for  the mechanical  
test ing of const ruct ion mate r ia l s  subjected to high rates  of deformation [1-8]. We de- 
scr ibe  in the presen t  paper  a small  apparatus for the uniaxial expansion test ing of s am-  
ples with the aid of explosives at deformation rates  of about 103 sec-~; we report  on some 
resul ts  of test ing steel and aluminum alloy samples .  

The apparatus for load application by explosion (Fig. la) consists  of a l aye r  of an explosive 10, an 
impac t - t r ans fe r r ing  m e m b e r  9, a damper  8, a r ece ive r  cap 7, and a cyl indrical  waveguide 4 through Which 
an expanding force is t ransmi t ted  to the sample.  Reliable contact of the lower face of the waveguide with 
the shoulders  of the sample was obtained with the aid of a threaded junction. The sample and waveguide 
were centered by means of a polyethylene washer  3. Since the deformations are  measured  only in a pas-  
s ingexpansionwave,  the sample end opposite to the end to which the load was applied was not f i rmly fixed. 
A bolt 5 was used in the exper iments  to suspend the testing apparatus f rom f rame 11 behind the free end 
of the sample.  

Figure 1 b shows both the form and the dimensions of steel and AMG-6 alloy samples.  The t rans-  
verse  dimensions of samples  made of the AD-1 and D-16 aluminum alloys were increased (see Table 1). 

In the tes ts  the sample port ion 1 experienced an elastoplast ic  
deformation,  whereas sample port ion 6, which acted as a dyna- 

�9 mometer ,  underwent only an elastic deformation.  The length 
of the dynamic sample section was chosen so that a r e c o r d -  
ing of  the deformation was  obtained before the elastic de-  
format ion  wave reflected f rom the  free end of the dyna- 
mome te r  a r r ived .  Pa i rs  of s t ra in  gauges were glued to 

Fig. 1 

diametr ical ly  opposite sides of the sample and connected in 
se r ies  lest  a possible a symmet ry  of the sample deformation 
have any influence. 

A potentiometric circui t  with a d c  source was used for 
the t r ansducers  in the exper iments .  A double-beam $1-18 
osci l lograph with a t r ansmiss ion  band ranging f rom 0.1 MHz 
to 1 MHz was used as the r ecorde r .  The measur ing  circuit  
was calibrated in tests  by shunting the t r ansduce r s  with a cal i -  
brated inductionless r e s i s to r .  The dependence (measured with 
the dynamometer} of the deformation upon the time, ~ ( t ) ,  was 
used to derive with a simple convers ion the t ime dependence of 
the s t r e s s  in the affected sample section (because the modulus 
of elast ici ty E of the major i ty  of metals  is pract ica l ly  indepen- 
dent of the deformation rate):  

~(t)---~" ~(t)E �9 • 
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TABLE 1 

AD-1 
D-16 
AMG-6 
KhlSN10T 
36KhTYu 
Steel 40Kh 

I : ) ,0 .10-2  mm/mm 
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225 ] 700 
.200 600 
300 1700 
400 t400 
560 2000 
400 2000 

OS(i,2t ] O$O,~:t 
kg/ Ik~/ !~l-n ~l-n mm 2 /~rn~ 

i3 24 i0 24,5 
i4 25 i0 24,5 
15 16 5 io 
25 38 5 i0 
i l  = , 0  78 5 t0 

( ~ - o  denotes the ra t io  of the c r o s s  sec t ions  of the dynamomet r ic  
sample  por t ion  to the affected sample  port ion) .  

The dependence of the deformat ion  of the sample  upon g'(t) 
was d i rec t ly  de te rmined  f r o m  s t r e s s - s t r a i n  d i ag rams  (Fig. 2). The 
dynamic s t r e s s  curve,  i ,e. ,  the deformat ion  z=/(~f) ,  was der ived 
f r o m  the exper imen ta l  dependences  of the s t r e s s  upon a(t) and of 
the deformat ion  upon ~'(t) by e l iminat ing the t ime  as a p a r a m e t e r .  

When the s t r e s s - d e f o r m a t i o n  d i ag rams  were  derived,  it was 
a s sumed  that the force  acting in var ious  c r o s s  sec t ions  of the s a m -  
p l e  is constant  while the wave propaga tes  through the sample .  This 
condition was neve r  r igorous ly  fulfilled, because  when the wave runs 
through the sample ,  ~he sample  is t r a n s f o r m e d  (expanded) p a r t i c u -  
l a r ly  s t rongly  in the range of e las top las t i c  deformat ions .  Therefore ,  
in o rde r  to reduce force  incongruit ies,  the affected sample  sect ion 
must  be shortened [9, 10]. But this sample  sec t ion  mus t  stil l  suffice 
for  measu r ing  the deformat ions  with s t r a in  gauges at a 5 - r am base  
and in a zone f ree  of boundary effects .  

The g rea t e s t  total  e r r o r  of the s t r e s s  and deformat ion  m e a -  
s u r e m e n t s  cons is t s  of the e r r o r  made in the osc i l lograph m e a s u r e -  
ments  (less than ~-10%), the e r r o r  of the osc i l lograph readings  {less 
than  -~ 5%), and the e r r o r  resul t ing f r o m  the finite length of t h e t r a n s -  
ducers  owing to the wave- l ike  effect  under  cons idera t ion  and to the 

dependence upon the deformat ion  ra te  (this e r r o r  was l e s s  than *5% at a base  length 1 =5 m m  of the t r a n s -  
ducer  at deformat ion  r a t e s  of up to 103 sec - t  [11]) and amounts  to l e s s  than :~20%. 

Figure 3 shows s t r e s s - d e f o r m a t i o n  d i ag rams  cons t ruc ted  f r o m  the resu l t s  of the dynamic sample  
tes t ing.  The d i ag rams  were  obtained fo r  each ma te r i a l  by tes t ing at l eas t  three  samples .  We used in our 
expe r imen t s  s am p l e s  of 40Kh s teel  (curve 2), Khl8N10T steel  (curve 3), the 36NKhTYu alloy (curve 1), and 
the AD-1 (curve 5), AMG--6 (curve 6), and D-16 (curve 4) a luminum al loys.  Some resu l t s  of the t e s t s  are  
l i s ted in Table 1. 
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