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Investigation of the emf which a r i ses  upon shock loading of solid bodies permi ts ,  as the experimental  
resul ts  a l ready obtained [1, 2] have shown, studying a broad range of subtle dynamical  effects :  The drag of 
current  c a r r i e r s  by polar ized ions, diffusion of current  c a r r i e r s  f rom a shock wave front (SWF), the e lectron 
inertial  effect, shock polar izat ion of the mater ia l  behind an SWF, and so on. On the other hand, the m e a s u r e -  
ment of e lec t r ica l  signals in connection with shock loading of solid bodies opens up new possibil i t ies for the 
investigation of shock interact ions and dynamic physicomechanical  proper t ies  of mate r ia l s  [3, 4]. 

One of the possible mechanisms  for the generat ion of an emf upon shock loading of metals  ls the e lec -  
t ron  inertial  effect,  which is s imi la r  to the T o l m a n - S t e w a r t  effect [5]. It consists  In the fact that in the SWF 
region the crystal l ine latt ice undergoes both compress ion  and accelerat ion,  which due to the inert ia of the 
cur ren t  c a r r i e r s  leads to the onset of an external e lec t r ic  field. The la t ter  induces an e lec t r ic  cur rent  i {t) 
determined by the value of the acce lera t ion  w[i {t) ~w(t)].  Direct  measurement  of the e lec t r ic  cur rent  and 
the s t ra in  as functions of the time has shown [3] that proport ional i ty  of the current  and the acce lera t ion  is 
fulfilled with good accuracy  in the investigated meta ls  upon shock loading in the region of e last ic  s t ra ins .  

The resul ts  of an investigation of the generat ion of e lec t r ica l  signals upon shock compress ion  and tension 
of samples  made out of titanium Ti and steel in the region of e las t ic  s t ra ins  are  given in this paper .  The s imul-  
taneous measu remen t  of the s t ra in  t ensor  ezz (the z axis is orthogonal to the SWF) and the e lec t r ic  cur rent  
i{t) has permit ted determining the rat io m / e  On and e are  the mass  and charge of the cur rent  c a r r i e r s ,  r e s p e c -  
tively), and measurement  of the cur ren ts  i {t) of a sample on dynamometers  offers the possibil i ty of obtaining 
the value of the modulus of elast ici ty E and the yield s t r e s s  o'~. 2 of the mater ia l .  

As experimental  resul ts  have shown, the amount of e lec t r ic i ty  which has passed through a circui t  is 
determined by the amount of s t ra in  and the effective mass  of the current  c a r r i e r s  m* 

i ~ i ( t ' ) d t ' =  "'* (1) 
",,,s~ , ,  T=-;T ~ :  (t), 

o 

where a* is the conductivity of the sample,  S is the t r ansve r se  c ross  section, and c i s  the rod speed of sound. 
It follows f rom (1) that the external e lec t r ic  field Eex t which a r i ses  upon shock loading depends on the effective 
mass  of the current  c a r r i e r s :  

tn* du  z 
F~xt(t ) = (,.-,q(~)-xi (t) (-- e) ~ -  

(u z is the mass  velocity behind the SWF). 

The nontrivial i ty of this conclusion consists  in the fact that in the c lass ical  formulat ion of e lec t ron in- 
er t ia l  exper iments  the external  field Eext ts determined by the m a s s  of a f ree  e lec t ron m 0 : Eext = {m0/e)w [5]. 
The values of the effective m a s s  of the current  c a r r i e r s  m* and the modulus of e las t ic i ty  E found in exper i -  
ments  with shock compress ion  and tension a re  in good agreement  with the known resul ts  [6, 7]. 

In three se r ies  of experiments  the samples  were selected in the form of cyl indrical  rods  13.8 mm in 
d iameter  made out of t i tanium (c~ phase) and 30KhGSA and Khl8N10T steels .  The apparatus and procedure  
for measuremen t  of the s t ra in  and current  in a rod are  given in [3]. 

The s t ra in  and current  in the rod were measured  simultaneously in order  to determine the ra t io  m * / m  0" 
The s t ra in  was measured  with 2FKPD-5--100 res i s t ance- type  s t ra in  gauges.  

Moscow. Trans la ted  f rom Zhurnal Prikladnol Mekhanik[ i Tekhnicheskoi Fiziki, No. 2, pp. 108-112, 
March-Apr i l ,  1981. Original ar t ic le  submitted January  22, 1980. 

232 0021-8944/81/2202-0232507.50 �9 1981 Plenum Publishing Corporat ion 



5-.. 

6.... 

5 I ~  ~ ,  

4"1~ ,",,\\X\'q 

~ /  L _  
Fig. 1 

A current  t r a n s f o r m e r  in the form of a 300NM fer r i te  ring wound with turns  of copper was used as the 
inductive detec tor .  The wires  were shielded by aluminum foil f rom the effect of external e lec t romagnet ic  
noise. A gap of ~ 2 mm was adjusted between the rod and the detector .  

Samples made out of VT-17 high-s t rength t i tanium were selected for the investigations in the fourth se r ies  
of exper iments .  A compress ion  wave was created in the waveguide 4 with the help of a l ayer  of explosive ma te -  
r ia l  1 (Fig. 1), a steel s t r ike r  2, and a foam plastic damper  3. The tensile s t ra in  of the working section of the 
sample 7 was measured  by the cur rent  t r a n s f o r m e r s  6 - 6 ' ,  which were mounted on the dynamometer  sections 
5 - 5 ' .  The cores  of the detectors  were made out of 79NM Permal loy  s t r ips  of thickness ~50 #m and out of turns 
of copper wire 0.35 mm in d iameter .  The number of turns was 100. The load res i s tance  of the t r ans fo rmer s  
was 240 ~.  The la t te r  were also shielded by aluminum foil for protect ion f rom noise. The signals f rom the 
detectors  were fed without amplification to the inputs of $1-18 r e c o r d e r s ,  which were t r iggered  from the blast 
pulse of the detonator through a delay line. The express ions  for  the s t ra in  of the working section of the sample 

and the load (r a re  of the form 

i f k 1 ~eE [~ 
e = -s  (v~ - -  v~) dt ,  v:,2 = ~ J i1,.2 (t) dt, 

o 0 

k2eE t' U1.2kl,2 

where il, 2 is the current  in the circui t  of the f i rs t  and second detectors ,  respect ively ,  vl, 2 are  the speeds of 
the t ransi t ional  c ro s s  sect ions of the sample,  U1, 2 are  the voltages at the r e c o r d e r  inputs, kl, 2 and R/1,2 are  
the cal ibrat ion coefficients and load res i s tances  of the detectors ,  L is the length of the working section of the 
sample,  and S is the t r a n s v e r s e  c ros s - sec t iona l  a rea  of the dynamometer .  

The samples  had a working sect ion 10 mm in length and 4 mm in d iameter ,  which produced lu it a load 
state close to a uniform one [8, 9]. The length of the dynamometer  5' ,  which is equal to 250 ram, was selected 
f rom a calculation in o rder  that the p re s su re  pulse ref lected from the free end not affect a measured  signal 
having a duration of 100 #sec .  Upon loading of the sample the dynamometer  sections were  elast ical ly deformed,  
and the working' sect ion elastoplast ical ly .  The s t r e s s  a(t) which a r i s e s  in the working section of the cyl indrical  
rod was determined f rom the s t ra in  of the dynamometer  5 with the use of the express ion or* = ~  =S/(S 1 i s the  
t r ansve r se  c ros s - sec t iona l  a rea  of the working section of the sample).  The value of the s t ra in  e (t) and the 
s t r e ss  a* (t) obtained upon calculation f rom experiment  were expressed in pa ramet r i c  form.  One can obtain 
upon the elimination of the pa r ame te r  t the value of the modulus of elast ici ty E, the yield s t r e s s  or* and the 
t ransient  strength cr *tr  of the mate r i a l .  0,2 

Typical  ose i l lograms  of acce lera t ion  versus  the t ime and s t ra in  versus  the t ime obtained for t i tanium 
(a-phase) in the f i rs t  se r i e s  of experiments  are  given in [3]. 

Osci l lograms obtained for  30KhGSA and Khl8N10T steels ,  respect ively ,  are  shown in Figs. 2 and 3 
(a and b cor respond to measu remen t s  with the help of a current  t r a n s f o r m e r  and a s t ra in  gauge). Typical  
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a c c e l e r a t i o n ' - t i m e  o sc i l l og rams  obtained in the fourth s e r i e s  of exper imen t s  for  VT-14 t i tanium under  tension 
a r e  given in Fig. 4 (a and b co r respond  to m e a s u r e m e n t s  on a dynamomete r  250 m m  in length). The i n t e r p r e t a -  
t ion of the o se i l l og rams  of the th ree  s e r i e s  of expe r imen t s  for  s h o c k - c o m p r e s s e d  s tee ls  and t i tanium was con-  
ducted according  to the fo rmu la s  of [3], f r o m  which one can de te rmine  the ra t io  m * / m  0. 

A d i ag ram of the tension q * (e) for  VT-14 obtained in the fourth s e r i e s  of expe r imen t s  is p resen ted  in 
Fig.  5. The modulus of e las t ic i ty  calculated f r o m  the d i ag ram differed by no m o r e  than 20% f rom the tabu la r  
value of [6]. The values  of  the moduli  co r responding  to s ta t ic  and dynamic  t e s t s  of the m a t e r i a l  were com-  
pa red ,  s ince it is known that  the i r  d i f ference  is insignificant.  The value obtained for  the m o d ~ u s  E c o r r e -  
sponded to a ra t io  m * / m 0  = 10. 

The r e su l t s  of the exper imen ta l  de te rmina t ion  of m * / m  0 a r e  p resen ted  in Table  1 for  th ree  s e r i e s  of ex-  
p e r i m e n t s  cor responding  to two kinds of s tee l s  and t i tanium ((~ phase)  subjected to shock compress ion ,  as well  
as VT-14 t i tanium subjected to shock tens ion.  

The speci f ic  s t rength p of Kh18N10T steel  was  de te rmined  f r o m  [10], and for  the r ema in ing  m a t e r i a l s ,  
exper imen ta l ly .  The m e a n - s q u a r e  e r r o r  of a m e a s u r e m e n t  of the cur ren t  i(t) and s t r a in  e(t)  in an exper imen t  
was 16 and 13 %, r e spec t ive ly .  One can see  f rom Table  1 (the values  of m * / In  0) and the data of [3] that the 
externa l  field Eex t depends on the effect ive m a s s  of the e lec t ron .  

The pr inc ipa l  d i f ference  between the r e su l t  obtained and the know~ dependence of Eex t on the m a s s  of a 
f ree  e lec t ron  m 0 in c l a s s i ca l  e l ec t ron - ine r t i a l  expe r imen t s  [5] is poss ib ly  assoc ia ted  with the fact  that  in the 
exper imen t s  of both T o l m a n - S t e w a r t  and Barne t  the lat t ice was acce l e r a t ed  re la t ive  to the cu r ren t  c a r r i e r s  
as a whole without local  pe r tu rba t ions .  This  s i tuat ion resu l ted  in the fact  that the iner t ia l  p r o p e r t i e s  of the 
cu r r en t  c a r r i e r s  in the c rys t a l  were  de te rmined  by the m a s s  of a f ree  e lec t ron  m 0. Under conditions of p ropa -  
gation through a fixed c rys t a l  of a local  pe r tu rba t ion  of the c rys ta l l ine  potential  the iner t ia l  p rope r t i e s  of the 
cu r ren t  c a r r i e r s  depend, as  the expe r imen t s  have shown, on the effect ive m a s s  of the cur ren t  c a r r i e r s ,  which 
desc r ibe s  the in te rac t ion  of e lec t rons  with the c rys ta l l ine  potential .  
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