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Impact Techniques for the Study 
of Physical Properties of Solids 
Under Shock· Wave Loadingl 
Measurements of various physical properties of solids while they are subjected to 
shock-wave loading from precisely aligned projectile impacts are described in order to 
illustrate the unique features and capabilities of the impact experiment. Results and 
experimental techniques are shown for the measurements of: (1) the piezoelectric coef­
ficient of X-cut quartz from 2.6 to 25 kbar, (2) the permittivity change of 60 deg orienta­
tion sapphire from 20 to 100 kbar, (3) the resistance of [111] germanium which gives 
resistivity data in the elastic range and permits identification of the solid-solid phase 
transition at about 120 kbar, and (4) the compressibility of ferromagnetic fcc 30 Ni-70 
percent Fe from 4 to 50 kbar which permits identification of the pressure-induced Curie 
point transition and a complete thermodynamic description of the transition. 

Introduction 
M EASUREMENTS of the characteristics of shock-waves 

in solids have been used for many years in the study of com­
pressibilities tmder high pressure. In fact, shock-wave data are 
still the major source for compressibility data of solids above 100 
kbar. There have been a number of review articles [1-6)2 which 
describe the shock-wave compression experiments and results 
which are typical when high explosive loading is used to produce 
the shock wave. Recently, however, new experimental apparatus 
and techniques have been developed for performing shock-wave 
experiments in which the impact of flat-faced projectiles produces 
the shock waves. Many of the characteristics of impact experi­
ments are fundamentally different from explosive loading ex­
periments and they permit significantly different experimental 
arrangements which allow additional measurements to be made. 
A Dumber of well-defined, precise measurements of various 
physical properties have now been performed with impact tech­
niques. These measurements have demonstrated that the impact 
experiment is particularly well suited for the measurement of 
physical properties under shock-wave loading. 

I t is the purpose of this paper to describe several measurements 
of physical properties of solids under shock-wave loading as ob­
tained with impact techniques. It is intended that these descrip­
tions will demonstrate the unique capabilities of the impact ex­
periment which previous review articles concerning shock waves 
in solids have largely neglected. 

Following a brief review of characteristics of shock waves in 
solids, the general features of impact experiments will be shown. 
The results of specific measurements of different physical proper­
ties will then be presented to illustrate the various experimental 
arrangements and techniques. 

Characteristics of Shock Waves in Solids 
Besides the obvious differences in rates of loading and thermo­

dynamic conditions between shock-wave loading and static high 
pressure experiments, one of the more basic differences is that the 

1 This work was supported by the United States Atomic Energy 
Commission. 

2 Numbers in brackets designate References at end of paper. 
Contributed by the Research Committee on Pressure Technology 

and presented at the Winter Annual Meeting, New York, N. Y., 
November 27-December I, 1966, of THE AMERICAN SOCIETY OF 

MECHANICAL ENGINEERS. Manuscript received at ASME Head­
quarters, August I, 1966. Paper No. 66-WA/PT-2. 

Journal of Basic Engineering 

stress or pressure8 experienced by the sample in a shock-wave 
loading experiment is a direct result of the inertial response of the 
sample to the externally applied loading. Thus, different ma­
terials subjected to identical loading arrangements experience 
tmiquely different pressure amplitude and pressure versus time 
histories which, in turn, depend upon their stress-volume be­
havior. Hence, it is essential to consider the interdependence of 
the stress-volume relation and the experimentally observable 
characteristics of shock waves. 

Consider a plane compressive shock-wave propagating through 
a solid in response to a rapidly applied impulsive load at one 
plane boundary of the sample. The passage of the shock wave 
imparts a stress, rT, and a particle velocity, u, in the direction of 
propagation. Assuming that all stress components travel with 
the same shock velocity, U, the conservation of momentum rela­
tion gives 

rT = poUu, (1) 

where PO is the density of the solid ahead of the front. Further, 
from the conservation of mass 

u 
VIVo = 1 - 'if' (2) 

where Vo is the specific volume (~) of the unstressed material 

and V is the specific volume of the stressed material.' It is 
evident from equations (1) and (2) that the simultaneous mea­
surement of values of the shock velocity, U, and the particle 
velocity, u, characterizes the stress and volume of the material 
under shock-wave compression and shock-wave compressibility 
experiments are directed toward their determination. 

A schematic diagram of a conventional shock-wave experiment 
to measure the compressibility of solids with explosive loading 
is shown in Fig. 1. A plane shock wave is produced by the deto-

3 A plane shock wave produces a one-dimensional compression in 
the direction of shock propagation. Hence, while the solid offers shear 
resistance, the stress configuration is not hydrostatic. When the 
terminology "pressure" is used, it will imply that the stress configura­
tion can be considered hydrostatic; otherwise the more precise term 
"stress" will be used. 

4 Equations (1) and (2) describe a shock wave moving into an un­
stressed medium which is at rest. In the event multiple shock waves 
are propagating, the stress and particle velocity shown should be 
considered as the change across a particular wave front and the shock 
velocity should be taken relative to the medium ahead of the front . 
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Fig. 1 Schematic d rawing of a direct contact explosive loa d ing experi­
ment to determine compressibility 

nation of a high explosive plane-wave lens. This shock-wave is 
transmitted through a metal plate (typically aluminum) into 
the sample. Measurement of the transit time of the shock-wave 
through a known thickness of the sample allows the shock 
velocity, U, to be computed. After the shock wave traverses the 
sample, it impinges upon and reflects from a plane parallel surface 
(called the free-surface) causing this surface to move with a 
velocity which, to a very close approximation, is equal to twice 
the particle velocity of the incident wave. The measurement of 
the free-surface velocity is accomplished by various optical and 
electronic techniques [7, 8) and is more difficult and less precise 
than the shock velocity measurement. There are numerous 
variants of this experimental arrangement but all are directed 
toward shock-wave velocity and free-surface velocity measure­
ments. 

When it is desired to measure the change in some physical 
property, other than compressibility, resulting from the shock­
wave compression, the experimental arrangement of Fig. 1 has 
some shortcomings. Whereas the end result desired in compressi­
bility measurements is the U versus u data, other physical 
property experiments require the U, u data as the independent 
variable to specify the stress and volume for which physical 
change is measured. Large unacceptable uncertainties often re­
sult if nominal values are assumed for U and u. Further, it is 
difficult to arrange precise simultaneous measurements of U, u in 
addition to the physical property change. On the other hand, 
impact experiments seem to have particularly advantageous 
features for the measurement of physical properties under shock­
wave loading. 

General Features of Impact Experiments 
The impact experiment is conceptually simple but requires 

that certain exacting experimental conditions be satisfied in order 
to perform a satisfactory experiment. The principle features of 
an impact experiment are illustrated in Fig. 2. 

The impact of the precisely aligned plane surfaces of two disks 
is produced by accelerating the impacting disk to various veloci­
ties in a smooth bore gun. Perhaps the most convenient and 
effective method for accelerating the projectile is compressed gas 
[9-13) although propellants [14-16) have also been employed. 
The impacting disk is normally attached as a facing on the main 
body of the projectile. To achieve the precise alignment re­
quired, the specimen is attached to the muzzle of the gun such 
that the impact occurs while the projectile is guided by the ac­
curately machined gun bore. 

The allowable values for the angular misalignment between the 
impacting surfaces (called "tilt") vary with the nature of the 
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Fig. 2 Typical arrangement of an Impact experiment 

experiment and the impact velocity. It is necessary for the im­
pacting surfaces to close in times short compared to the time for 
the shock wave to traverse the sample. Thus, experiments at 
low impact velocities require smaller values of tilt than experi­
ments at high impact velocity and the techniques employed fo r 
alignment are designed to give acceptable values for tilt at low im­
pact velocities. Generally, an average value for tilt of about 5 
X 10-4 radian is satisfactory for the type of experiments to be 
described. Various investigators have used different means to 
achieve the precisely aligned impact and the technology for 
achieving this is reasonably widespread although principally 
utilized for the measurement of mechanical properties.6 If pro­
visions for securing low values of tilt are not made, meaningful 
measurements are not possible in the particularly important low 
velocity (low stress) region. Further, it is important to compare 
shock-wave measurements in their low pressure limit to at­
mospheric pressure values. Thus, exclusion of the low stress re­
gion is a serious ell.'perimental limitation. 

To prevent air pressure buildup between the rapidly closing 
surfaces of the facing and specimen, it is necessary to evacuate 
the space between the projectile and specimen to a pressure of 
about 10-3 torr. The high pressure driving the projectile is 
sealed from the vacuum by "0" ring seals on the projectile. 

As will be demonstrated later, one of the most useful measure­
ments made in an impact experiment is that giving the velocity 
of the impacting surface. For the impact of like materials, this 
velocity measurement gives additional data to that which can be 
obtained in an explosive loading experiment and much of the 
effectiveness of the impact experiment is lost if the provision for 
velocity measurements is not made. The most precise measure­
ments are made with electrical discharge contact pins which may 
protrude either through the side of the gun bore [17) or through 
the plane of the specimen toward the projectile [18J. T he 
velocity of the impacting disk at the instant of impact can typi­
cally be measured to ±O.5 percent. 

Measurements of the electrical behavior of the specimen 
usually require a conducting electrode at the impact surface. 
To maintain precise alignment and provide minimum distortion 
to the shock wave, the elect·rode is normally a thin vapor de­
posited layer of aluminum or silver. 

Although not absolutely essential, the effectiveness of the ex­
periment is greatly enhanced if a preselected impact velocity can 
be achieved within about 5 percent of the desired velocity. Even 
though the velocity is to be precisely measured on each experi­
ment there are numerous instances for which experiments are 
required in the neighborhood of a critical point. Further, this 
control results in the capability of achieving virtually continuous 

• Impact techniques are also effectively employed for the measure­
ment of mechanical properties. Since many of the alignment tech­
niques and other experimental problems are similar, a supplementary 
list of references on mechanical property measurements by impact 
techniques is included at the end of the individually cited references. 
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