
U T I L I Z A T I O N  OF T H E  E L E C T R O N - I N E R T I A L  E F F E C T  

IN  S H O C K  L O A D I N G  T O  M E A S U R E  R O D  S T R A I N  

Yu.  G. K a s h a e v ,  S. A.  N o v i k o v ,  
a n d  V. A.  S i n i t s y n  

UDC 531.78.781 

A coil with a large quantity of wire  turns was set into rapid rotational motion and abruptly braked in the 
widely known tests  of Tollmien [1]. By using a galvanometer  connected to the coil leads, the magnitude of the 
current  caused by the inertial motion of the free electrons relat ive to the ions of the c rys ta l  lattice was mea-  
sured. The charge  separat ion thus caused resul ts  in the origination of an e lectr ic  field decelerat ing the elec- 
tron motion. Consequently, the electron motion will be as if they were acted upon by an e lec t r i f  field of in- 
tensity E defined by the relat ionship 

--eE : --m~,.,, (i) 

where e and m are  the charge and mass  of the electron,  respect ively;  and w is the accelerat ion during braking 
(w< 0). 

A detailed examination of the e lec t ron- iner t ia l  effect is given in [2]. An expression can be obtained f rom 
(1) for the cur ren t  in the loop: 

m S 
i+ = T --F w, (2) 

where S is the rod c ross  section and p is the specific res is t ivi ty .  

Using the data in [3], it can be shown that (2) is even applicable for the case  of shock loading of a rod in 
the elastic s t ra in  domain. 

The e lec t ron- iner t ia l  effect was investigated in metal rods under impact in [4]. The current  was mea-  
sured by using a solenoid within which was the rod being investigated. It was shown, for example, that under 
the impact of a Tex to l i t ebya  copper rod the magnitude of the cur rent  in the la t ter  reaches  s eve ra lmi l l i amperes ,  
i.e., is a quantity easi ly measurable .*  

Direct measurement  of the t ime dependence of the accelera t ion w =f(t) is quite convenient for s t rain in- 
vestigation. 

It can be shown f rom (2) that the s train of a rod in the elastic domain is determined by the expression 

1" 

e (x, t) : i ~ j t + d t '  
0 

where c is the speed of sound and k is a cal ibrat ion factor .  

As is known, investigation of the dynamic s train is conducted in the major i ty  of cases  by using s train 
gauges which a re  glued to the surface  of the s t ruc ture  being investigated. The dynamic compress ion  and tension 
diagrams for rods a re  recorded  by the same method (see [5], for instance). 

*In p~rticular,  it is proposed in this paper to use this effect to determine the strain under impact. 
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Utilization of the e lec t ron- iner t ia l  effect is hence of great  interest  for the investigation of the dynamic 
s t rains  of rods  of mater ia l s  to whose surface  it is impossible to glue s t ra in  gauges (possessing poor adhesion 
to glues, for example, or s t rongly heated materials}. 

Certain resu l t s  of using this effect to investigate the behavior of metal  rods during the propagation of 
elast ic waves excited by the explosion of a small  quantity of explosive a re  presented in this paper. 

The test  d iagram is presented in Fig. 1. A ti tanium rod 6 (a-phase) of diameter  ~=13.7 mm and spe-  
cific res i s t iv i ty  p =55 /~2 �9 cm was selected for the measurements  in the f i rs t  se r ies  of tests .  The rod was 
loaded by exploding a layer  of high explos ire 1 glued to a steel impactor  2 of the length 1 = 20 ram. The oscil lo-  
scopes were  t r iggered  f rom the pulse of the detonator ignition through a delay line. The s t ra in  of the rod dur-  
ing wave propagation was r eco rded  by the s train gauges 5 of the 2FKPD-5-100 brand, and the electron acce le ra -  
tion cur ren t  by the inductive t r ansducer  4. The whole assembly  was mounted on polyfluoroethylene res in  sup- 
ports  3. A fe r r i t e  r ing of NM wound with n=80-100  turns  of copper wire  was used as inductive t ransducer .  

The fe r r i t e  r ing with the wire  turns was shielded by aluminum foil f rom the influence of external e lec t ro-  
magnetic fields, and a 2- ram-wide  annular slot was made in the shield on the rod side. 

The inductive t ransducer  was used in the current  t r ans fo rmer  mode with the load r e s i s to r  RI=50  ~2 
during the measurements .  Before the measurement ,  the t ransducer  was cal ibrated at f requencies  f = 10-100 
kHz according to the cur ren t  t r ansmiss ion  factor.  

It was shown during the experiments  that magnetization of the fe r r i t e  cores  occurs ;  hence, it was neces -  
s a r y  to demagnetize them by an al ternat ing current  with amplitude damping to zero  before each test.  

The maximum difference between values of the s t ra in  in the rod measured  in the same test  by using elec-  
t r ica l  s t rain mete r s  and the inductive t ransducer  was 7.5% in this ser ies  of experiments.  

A steel rod of the brand ZOKhGSA of 13 .7 -mmdiame te r  and 45 p~ �9 cm specific res i s t iv i ty  was selected 
for measurement  in the second se r ies  of tests .  A 20-mm-th ick  foam-plas t ic  washer  of density T = 0.57 g / c m  3 
was mounted between the impactor and the rod and was used to extend the shock pulse. The maximum dif- 
ference between the values of the strain measured  in the ve ry  same test  by the two methods mentioned was not 
more  than 14.7% in this ser ies  of tests .  Typical  " a c c e l e r a t i o n - t i m e "  and " s t r a i n - t i m e "  osc i l lograms are  
shown in Figs. 2 and 3, respect ively .  

Results  of p rocess ing  these osc i l lograms  in the f o r m  of the dependences e (t) a re  represen ted  graphically 
in Figs. 4 and 5, respect ively ,  for the f i rs t  and second se r ies  of tests ,  where the curves  1 cor respond  to mea-  
surements  obtained by using the e lec t r ic  s t ra in  meter  and the curves  2, to measurements  obtained by using the 
inductive t ransducer .  

The curve e ( t ) -3  corresponding to measurements  obtained by using an e lect r ical  s t ra in  meter ,  the curve 
w(t) - 1  obtained by differentiating the curve  e (t), aad the curve i(t) - 2  corresponding to the e lect r ical  signal r e -  
corded f r o m  the inductive t ransducer  a re  presented in Fig. 6. It is seen from a compar ison of the curves  for w(t) 
and i(t) that the charac te r  of the r eco rd  of the e lect r ical  signal r ecorded  f rom the cur rent  t r ans fo rmer  i(t) is 
s imi la r  in shape to the accelera t ion wave w(t). 

The experiments  conducted show that the e lec t ron- iner t ia l  effect during shock loading can be used for 
contaetless measurements  of the s t ra in  for high-speed test ing of mater ia ls .  
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