UTILIZATION OF THE ELECTRON-INERTIAL EFFECT
IN SHOCK LOADING TO MEASURE ROD STRAIN
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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 relative to the ions of the crystal lattice was mea-
sured. The charge separation thus caused results in the origination of an electric field decelerating the elec-
tron motion. Consequently, the electron motion will be as if they were acted upon by an electrif field of in-
tensity E defined by the relationship

—el = —nmuw, @

where e and m are the charge and mass of the electron, respectively; and w is the acceleration during braking
(w<0).

A detailed examination of the electron-inertial effect is given in [2]. An expression can be obtained from
(1) for the current in the loop:

. mo S
Ly = - 'p- w, (2)

where S is the rod cross section and p is the specific resistivity.

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 strain domain.

The electron-inertial 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 Textoliteby a copper rod the magnitude of the current in the latter reaches severalmilliamperes,
i.e., is a quantity easily measurable.*

Direct measurement of the time dependence of the acceleration w=f(t) is quite convenient for strain in-
vestigation.

Tt can be shown from (2) that the strain of a rod in the elastic domain is determined by the expression

&z, t) = Lk

T se iydt,

S,

where ¢ is the speed of sound and k is a calibration factor.

As is known, investigation of the dynamic strain is conducted in the majority of cases by using strain
gauges which are glued to the surface of the structure being investigated. The dynamic compression and tension
diagrams for rods are recorded by the same method (see [5], for instance).

*In particular, it is propesed in this paper to use this effect to determine the strain under impact.
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Utilization of the electron-inertial effect is hence of great interest for the investigation of the dynamic
strains of rods of materials to whose surface it is impossible to glue strain gauges (possessing poor adhesion
to glues, for example, or strongly heated materials).

Certain results of using this effect to investigate the behavior of metal rods during the propagation of
elastic waves excited by the explosion of a small quantity of explosive are presented in this paper.

The test diagram is presented in Fig. 1. A titanium rod 6 (a-phase) of diameter ¢=13.7 mm and spe-
cific resistivity p =55 uQ - cm was selected for the measurements in the first series of tests. The rod was
loaded by exploding a layer of high explosive 1 glued toa steel impactor 2 ofthe length I=20mm. The oscillo-
scopes were triggered from the pulse of the detonator ignition through a delay line. The strain of the rod dur-
ing wave propagation was recorded by the strain gauges 5 of the 2FKPD-5-100 brand, and the electron accelera-
tion current by the inductive transducer 4. The whole assembly was mounted on polyfluoroethylene resin sup-
ports 3. A ferrite ring of NM wound with n=80-100 turns of copper wire was used as inductive transducer.

The ferrite ring with the wire turns was shielded by aluminum foil from the influence of external electro-
magnetic fields, and a 2-mm-wide annular slot was made in the shield on the rod side.

The inductive transducer was used in the current transformer mode with the load resistor R;=50 Q
during the measurements. Before the measurement, the transducer was calibrated at frequencies £=10-100
kHz according to the current transmission factor.

It was shown during the experiments that magnetization of the ferrite cores occurs; hence, it was neces-
sary to demagnetize them by an alternating current with amplitude damping to zero before each test.

The maximum difference between values of the strain in the rod measured in the same test by using elec-
trical strain meters and the inductive transducer was 7.5% in this series of experiments.

A steel rod of the brand ZOKhGSA of 13,7-mm diameter and 45 pf - cm specific resistivity was selected
for measurement in the second series of tests. A 20-mm-thick foam-plastic washer of density y = 0.57 g/cm?
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 very same test by the two methods mentioned was not
more than 14.79, in this series of tests. Typical "acceleration—time" and "strain —time" oscillograms are
shown in Figs. 2 and 3, respectively.

Results of processing these oscillograms in the form of the dependences € (t) are represented graphically
in Figs. 4 and 5, respectively, for the first and second series of tests, where the curves 1 correspond to mea-
surements obtained by using the electric strain meter and the curves 2, to measurements obtained by using the
inductive transducer.

The curve € (t) -3 corresponding to measurements obtained by using an electrical strain meter, the curve
w(t) —1 obtained by differentiating the curve €(t),and the curve i(t)—2 corresponding to the electrical signal re-
corded from the inductive transducer arepresentedin Fig. 6. Itis seenfrom a comparison of the curves for w(t)
and i(t) that the character of the record of the electrical signal recorded from the current transformer i(t) is
similar in shape to the acceleration wave w(t).

The experiments conducted show that the electron~inertial effect during shock loading can be used for
contactless measurements of the strain for high-speed testing of materials.
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