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ABSTRACT

A technique tas peen developed, based on the manganin wire trans-
ducer, which enables the stress-time profiles of shock and release
waves produced in a plock of magnesium by the impact of an explo-
suvesy ariven ilying plate to be recorded. The profiles presented difier
{rom those that would be predicted by hydrodynamic theory; in partic-
ular, the top of the release wave is traveling approximately 30% faster.
A reicase stress-strain pathisderived from the results and it is shown
that this can be interpreted in terms of elasto-plasticity.

INTRODUCTION

There has been considerable discussion in
tihe literature recently suggesting that the be-
haviour of solids undes high shock siresses
cannot be adequaiely described by hydrodynamic
theory, and that the eiiecis of yield strength are
important {1]. Several experimenters have re-
ported the initial parts of reiease waves behind
intense shocks (ravelling faster than hydrody-
namic theory wou.a predgict [2-5].

We have attemptea to match the manganin
wire transducer 1o a metal so that it can be
used to record the stress-time profile of a
plane wave inside the material, instead of ob-
serving a {ree suriace. 'ne advantagr* of tiis

rmetlnod is that, in principle, tihe interpreiation
ol the results is simpiilied, ana a complete
raathematicas wnaysis s possible, uncompli-
cated by lateral sirain effects which have
nlagued much of the earlier work on plastic
waves using rods and wires [6], or by the need
to assunic a paricuiar heory oi piasticity. Our
preiiminery resuics wilii maznesium show that
suress-limne prodices can be observed and that
these can be usca w calculate the stress-strain
pald Of the reicase process.

AcluasGuesd basea on the linear pressure-
LCLisile 0 manganin hidas al-
Yeddy betn uscau 0 measure siress as a wuanction

OL time i clectrical wsuiators [7). To extend
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this technique to a metai it is necessary to in-
sulate each manganin wire and its leads {ron
the surrounding metal without invalidating ihe
stress-time profiles obtained. This may oe
attempted by using an insulator whose shock
impedance approximates to that of the metal
used, and by making the insulating layer so chin
that any significant reverberations in it are
over in a time which is short compared wiin
that being measured.

Figures 1 and 2 show the design usead.
manganin wire, of 0.005-inch diameter coaie
with glass to 0.008 inch overail dlametu. is
cast in the middie oi a 0.025-inch layer ol epoxy
resin, loaded with powdered lead borate glass
of densuy 6.1 gm/cc. The copper suppori iubes
are 0.050-inch diameter, surrounded by .25G-
inch diameter soda lime glass tubing, whica is
a fairly good shock impedance match to mugne-
sinm. The loading of the epoxy resin was
chosen so that the proportionai sum of the com-
pressed volumes of the constituents was c¢gual
to the specific volume of magnesium at the
pressure of the experiment. Glass and ejoxy
resin were used because in previous work ihey
have been found to be adequate insulators wien
shocked. The elleciiveness ol the insulal. ol
was shiown by the agreement obtained oeo een
the meuasured peak pressure and that precactea
from the shock andilying piate impact ve.oc.ities.
In addition the accuracy wiui which the wire re-
sistance returned to its iniliai value alter wae
passage of the siress wave inaicated that e
insulation remained satisfactory and that jocd
contact with the wire was probably maintained.
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