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ABSTRACT

Some preliminary results of a series of plate impact recovery experiments on
boron carbide-aluminum cermets are reported. The experimental procedure is
discussed, and the possible mechanisms of microcracking during loading and
unloading of the specimen are explored.
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1. INTRODUCTION

This is a summary of some preliminary results obtained in a series of
dynamic plate impact recovery experiments performed on a class of cermets at
the Center of Excellence for Advanced Materials (CEAM) of the University of
California, San Diego (UCSD). One of the aims of these experiments is to
understand and quantify the failure modes of ceramic composites under Very
short duration, high-amplitude compressive stress pulses. By limiting the
pulse duration, the available energy is limited and therefore, while loading
and unloading with high stress amplitudes can initiate microcracking, the
overall level of damage remains limited. Hence, the samples can be
recovered and evaluated, using microscopy, ultrasonics, and other
characterization techniques; see related work, Kumar and Clifton (1979) .
Together with direct interferometric measurement of the displacement and
velocity of the back face of the momentum trap (Barker and Hollenbach,
1965), this provides a powerful experimental procedure to evaluate damage
initiation, damage evolution, and overall failure modes of such brittle but
very strong composites under various stress pulses.
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2. EXPERIMENTS

The experiments are performed using a gas gun with a 2% inch bore, capable
of attaining projectile velocities of up to 200 m/s. The projectile carries
a thin flyer plate which impacts the specimen at a predetermined velocity.
The flyer plate and the specimen faces are made parallel prior to impact,

using an optical alignment technique; Kumar and Clifton (1977). The
experiments are fully instrumented, allowing for careful measurement of the
impact velocity by means of a suitably arranged set of pins, and for the

displacement and velocity of the back face of the momentum trap, using
interferometry; see the sketch in Fig. 1.
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Fig. 1. Plate impact recovery experiment.

The deviation from normal impact, i.e. the tilt, is measured from the
instances when the four pins, one at each corner of the specimen, contact
the flyer plate. The momentum trap whose impedance matches that of the
specimen, captures the pulse and carries away the tensile wave which is
reflected from its back face, once this tensile wave reaches the interface
between the momentum trap and the specimen. Thus the specimen can be
subjected to a compressive pulse with known amplitude and duration, and then
the characteristics of this pulse can be measured directly during the
experiment. Furthermore, by choice of a suitable material with relatively
high yield stress for the nmomentum trap, and by limiting the impact
velocity, it is assured that no plastic flow occurs in the momentum trap,
and therefore, changes in the stress pulse measured at the back face of the
momentum trap can be used to assess the nature of the damage that it has
produced in the specimen.
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A gap can be provided between the momentum trap and the specimen, which then
produces a short tensile pulse of a duration corresponding to the time
required for the closure of the gap. This pulse travels back as a release
pulse and subjects a small region near the impact face of the specimen to
tensile loading. By controlling the gap size, we can control the thickness
of the region which subsequent to the initial compression loading and
unloading, has also experienced tensile loading. A typical X-t diagram for
the plate impact recovery test is shown in Fig. 2, including the effect of
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Fig. 2. The X-t diagram corresponding to the plate
impact recovery experiment, including the
effect of the presence of a small gap between
the specimen and the momentum trap.

the small gap between the momentum trap and the specimen interface. Upon
impact, compressive waves travel through the specimen and the flyer plate.
When the pulse reaches the gap, it is reflected as a tensile pulse, until
the gap is closed, at which time the compression pulse continues to travel
into the momentum trap. The compression pulses traveling in the flyer plate
and momentum trap are each reflected back as tension waves, and when they
reach the interface with the specimen, the flyer plate and the momentum trap
are separated from the specimen. The short duration release pulse due to
the gap travels back in the specimen and can subject a small region of the
specimen close to the impact face to a short duration tensile pulse. This
pulse reflects back as a compression pulse and, after traveling through the
specimen behind the main compression pulse, it is transmitted to the
momentum trap and is recorded through interferometric measurement. It may
provide the means for assessing the damage level in the specimen.
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3. MATERIALS
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sequences. These may include: (1) microcracking due to initial compression

by the primary pulse; (2) microcracking due to unloading and reloading, as
the tensile pulse travels back along the specimen; (3) tensile cracking, as
the reflected tensile pulse crosses the primary compression close to the
impact face of the specimen; (4) microcracking caused by the unloading of
the primary compression pulse; and, finally (5) additional microcracking due
to loading and unloading, as part of the short tensile pulse reflects back
from the impact face or the fractured region close to the impact face, as a
short compression pulse with a reduced amplitude. It is reasonable to
expect that most of the energy of the short tensile pulse is actually lost
in the process of tensile cracking close to the impact face.

the main part of the
The axial crack
compression of

Figures 4a,b are micrographs showing the damage in
specimen (Fig. 4a), and close to the impact face (Fig. 4b).
seen in Fig. 4a typifies cracks observed in axial

heterogeneous brittle solids; see Horii and Nemat-Nasser (1985,1986).

Micrograph of recovered specimen; dis-
integrated boron carbide particles are
connected by axial microcracks.

Fig. 4a.

Fig. 4b. Micrograph of recovered specimen; tensile
cracks parallel to the impact face, produced
by the short tensile pulse which is reflected
from the gap between the specimen and the

momentum trap.
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Table 1. Summary of experimental conditions
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test the measured width of the compressive pulse was about 0.4 ps which is

any gaps.
The compression pulse was followed by a short pulse of width of about 0.05
p#s and of considerably smaller amplitude. This Pulse corresponds to the
reflected tensile pulse due to the Presence of a gap between the specimen
and the momentum trap. This tensile pulse propagates back along the sample
and causes unloading and then reloading, as it moves toward the impact face.
Once it crosses the tail of the incoming Primary pressure pulse, it subjects
the sample to tension which can produce additional damage and cracking
parallel to the impact face.

Thus, except for a small region close to the impact face, most of the sample
is subjected to the following sequence of loading and unloading: (1)
compression due to the incoming Primary pulse; (2) unloading due to 4
tensile pulse reflected from the gap between the specimen and the momentum
trap; (3) recompression as the tensile pulse moves toward the impact face of
the specimen and the gap closes; (4) unloading as the tail of the Primary
compressive pulse moves along the specimen and into the momentum trap; (5)
reloading, as the short tensile pulse is reflected as a compression pulse
from the impact face, or the free surface of tension cracks that may have
been formed very close to the impact face; and finally (6) unloading, as

this short compressive pulse traverses the specimen and moves into the
momentum trap.

The region close to the impact face of the Specimen experiences the first
four loading and unloading sequences, but as the short tensile Pulse crosses
the tail of the Primary compression pulse, it subjects this region to
tensile stresses which Produce tensile cracks Parallel to the impact face of
the specimen.

Had the sample remained fully elastic, with no damage whatsoever, the
reflected tensile pulse would travel back along the sample, would reach the
interface with the flyer plate and the specimen, would be reflected as a
compression pulse with equal amplitude, would travel back along the sample
toward the momentum trap as a compression wave, and would be transmitted to
the momentum trap to be measured as a4 compression pulse of an amplitude
equal to the Primary compression pulse. The reduction in the amplitude of
this pulse in actual tests is due to a complex set of possible microcracking
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