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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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THIL EWASTOU-PLASTIC RELEASE BEHAVIOUR OF MAGNESIUM AT 80 Kb

MALGNESIUM LINE

EXPLOSIVE  FLYING PLATE INITIATOR
\

MAGMZSIUM ___——-
BLOCK

EPOXY LAYER

fme smie w1

Fig. 1 - Arrangement of magnesium
block and flying plate

The angie bewween the fiying plate and the
bloek is adjusien 0 as to achieve plane colli-
SO0, Fipure d o suows how the siock aod re-
ease waves propagace. The sides and back of
the block are sufiiciently remote [rom the
iransducers {or reflected waves not to reach
them until the measurements are completed;
plane wave condivions are therefore maintained.
Cue impuact of the piate on the block is detected
Ly cappen concentric swivch probes flusii with
L@ surface. o each round the square region
ol hie sy paaie sieiking the bloek is recov-
COCO AN L prece and does put show any sign
Ox BCabb.

didine.y Lie exoesiments nave beea carried
oul al a Cuanpucaavely iow pressure of 86 8b, a
region wacde wie stres b of the metal would be
cRgected 1o ve Loporteat and conduetion in the
irsuiators The metal useca
Wos Lhe Dinanoblidin ailoy ZW 3 wisch has 2.9%
e ant 6.63% zirconum as ils main alioying
Cainents.

LC08 WXoudlesoine.
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Piguse da saows Ly pical oscillogram
Laen Wid Jhn Loaasducers one flywng plate
(D.anU=0a2h) sy the block, It will be
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Fig. 2 - Details of transducer and
insulator {not to scale)

TO OSCILLOGRAPH

to a release wave, which would have to travel
at nearly infinite velocity, but is somehow as-
sociated with the shock front. Attempts o re-
late this fall in stress to features of the design
of the experiment, such as the shock impedance
of the insulator or its thickness for exanij.c,
have not been successful. It couid, thereiore,
be duc to either some othier propesiy of e
epoxy resin insuiator or to the magnesium alloy.
In a few experiments the glass tubing and the
resin were replaced by thin PTIE sheet; tae
profiles {rom these shots tended to suow . sira-
ilar siope, but not when the magnesium wus re-
placed by aluminium. A similar pressure-iime
profile has been reported in steel (8.

The stress arop due o the release wive
begins at about 1.2 microsecoends. The icunt ol
the release wave has a velocity of 7.3 £ 0.2 &m/
sec relaiive to the material, waich is 30% higher
than hydrodynamic theory woula predict, wuout
the same increase as has been estimatea (or
other materials [2-5]. This higaer velocicr
means that tae top ol tae release wave snuuic
catch uyr with the shock ai about Jive Jy.o  naic
hicknesses into he block insiewd 0l v v Wb
predicied by hyGroaynailic Loy,
shows a typical osciliogram al 1.ve Lyul, Jase
thicknesses.
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Desiae L Cenesas similariey of shape
SHOWH Yl Sl ees i one and iive {lying plate
UL LALUBRLE LU s uGe LOSSIBIe [0 wnterpret them
s W Bainl WRY. Oounowaag the previous inter-
S Caleud WG Ju, a0 ng L€ Telease wave at
GV AL, Dt UL CARESSES a8 woginning oy
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‘4 - Pressurc-iime oscillograms at 1 and 5 flying plate thickacsses

than that previously rar asurcd. deunce .o is
conciuded that ihe inivwd fail in stress i
Fig. 4b represents the iront of the relea. ¢ wave
but is possibly perturbed by the falling-s.ress
effect seen in Fig. 4a. The iniiial 1all joLcowed
by a censtant siress re1on aind then a (urizer
fall, 18 resarded as eviaoinee o e sept. ook
of the reicise wave inle elastic abo plore
CONIpPUNCis, DUl in unresoiveda al short s~
tances as in Fig. 9.
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Frosn i€ L33 00T wone taeasured vy the
DIOUES And e wiae 0 shock arreval at the
LransGuce s, tie snock veweity caa we calcu-
fabed, sl BUCh POuL Lae peok siress and meas-
Lirea shoek and wnpact velocities had values
wauch were counsiswii with pubiisihed data {or
mapaesivg. from the gmpact time and e
SIOCE VEiGCiY, Lid Guslalice-1ime point is cal-
CliaacCd woLorC tag bueck o he Llying plate is
refected oom s . Tk suriace as a release
wave. Tals polnl, wgedher wiln the stress-time
prol.le, caavies ke velocily of the release wave
to be found as a continuous (unction of stress.
From tais, Gensity and particle velocity are
caicuiated using the iollowing equations [7]
based on conservation of mass and momentum:

P
7V dp

(e

dp
oC

ere o represenis the density, p the stress in
the aireclion oi wave propagation, ¢ the wave
veiocity relative to the local material (for a
Cconinuous w.ve), and . the particle velocity.
This calculation is done at small stress decre-
ments down the release wave. The wave veloc-
ity is correcica 1or movement of the transducer
and expresseu relative to the local materiai,
using whe caiculaied particle velocity. Density
and parucic velocity at the top of the reicase
Wave are taken o punlished Hugoniol data
00 magnesiuim corresponding to the measured
stress.

stress~steain Curve

Flgure U snows Lie resulting release vi-
1GCies and &y U We corresponding siress-
slreatn rolaboon waen from experiments at one
oYing prale Luckness. These are again mark-
CGly didlerend {roin Lie Lydrodynamic poedic-
tons. The siress-strain curve first falls
S GULIOW e UZonior and then becomes
Suadsnaowei. Wias s alirivated to elasto-piastic
VONAVIGELS OF wove waCuas (910 The resaits at five
Saf ! @ WICaResses nuve a0l aeen used in
wis 0o ¢l culeuddon vecause oi tas possible
o Dicany inondergaeting the witad fudd in
BuLCBe. aGwover, an elasw -plasilic scwsase
g would preaict a disconunlicy of sciease
WaVe Veiocily at the reverse yield puint, and
boate 4 siress plateau. The periou of almmost
consiant stress shown al five ily.ay plate

MAGNES:iv AT 80 Xu

Lurcknesses 18 idenudied with dus Jlatca., 134
the regions above aud below it with Lie ciasiic
and piastic parts of tie release process. Thc
size of the elastic stress release is, thereiore,
i6 Kb, determined vy the stress difference be-
tween the plateau and iie beginning of the re-
lease process as reccrded by cne fiying piate
thickness experiments. Single experimenis at
six and eigut {lying plate thicknesses support
this interpretation.
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Fig. 5 - Mean velocities nicasurdu
from Z8 stress proiiles at one Liying
plate thickness

Elastic Properties

Some elastic propeities can now pe calcu-
lated from the elastic and plastic wiuve Veudl.-
ties o, and o . Dulk modulus is iolid i e
ulastic region using

cp: ko
(Fig. 7;; a considerabie iicrecase wiks »i 0b5 1
obtained. ‘Tiie CULVE i5 COLBISLCRAT Wiln il 5Lk
stress pulik modulus for magnesiunl v .

hile the initias 1o i sices:
filos ai five liying elale (0lCKBCnas Lo
difticult (o aaterprot, e faldo of e « s
Plias. ¢ wave veloCiues i e Yiela g0t fever=
theless ailows an estimale W0 e RIull sk suls=
son's ratio r. Using
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Fig. 6 - Stress-strain curve calculated
from Fig. 5
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we oblain what may be regarded as an upper
lirait for Poisson’s ratio of 0.42: the small
stress value is 0.30 [10]. An expression for
the fall in elastic siress is

(i~ 1y
2Y e 2o
s (1~ 2r)

whave Y, is the yicld stress, assumed to be

€ uai o LEASI0N and compression. Substitution
Or 40 KNS 107 tae c.asiic stress release, and the
waOVe Vaites Of Qoisson's ratio gives yield
slociptis ol 4,200 4.0 sbs respectavely; the re-
o en tnereions Swrpest an increase n yield
s nh Wil slare s wbove e slatic vawe of § Kb,
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Figure 7
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