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ACTIVITY AND CURRENT STATUS: (a) Normal_impact by _blunt_and_60° conically-tipped hard-steel

xan and aluminum or steel of various thicknesses. The unusual phenomenon of bending in oppo-
site directions of the initially adjacent metal and polymer plates. Tests with PMMA and ny-
lon were not pursued due to lack of penetration resistance caused by brittle fracture of the
substances. Experimental task for limited impact and target conditions is complete [1]; an
expanded test program would be desirabie, and a continuum-mechanical theory for these results
is needed. (b) Oblique impact on aluminum, mild_and_hard steel targets up_to ordnance_velo-

projectiles and with blunt soft aluminum cylindrical projectiles of 0.5 in diameter, with
obliquities from zero to 500. No further tests are currently contemplated [2,3]. (c) Nor-
mal and a very limited number of oblique_impact tests on_plates of alumina (AD 85 and AD 94,
num, steel, or Kevlar. Alumina and aluminum combinations have been subjected to normal pro-
jectile impact for a iimited range of parameters [4,5]; further tests and a major analytical
effort to explain striker abrasion and target response is urgently needed. Tests involving
other combinations of a variety of ceramics and metallic and non-metallic backing or frontal
layers would be highly desirable. Oblique impact on these material combinations should also
be fully investigated. (d) Kevlar_tests. A few exploratory ballistic tests of this mate-
rial and some combinations have been executed. A compiete and coherent series of impacts on
this substance with both backing materials, prefacing plates and sandwich combinations should
be undertaken, using various striker tips and speeds up to ordnance velocities. (e) Balli-

stic_1imit of monolithic _vs layered adjacent aluminum targets. Normal impact of projectiles

on these two types of targets shows that, for the range investigated, monolithic targets have
. Addi-

minum plates with both blunt and conically-tipped projectiles at speeds from 45-180 m/s. A
quartz crystal with an inertial backing is embedded in the projectile in a fashion that the
front and rear of crystal and striker are electrically isolated. A coil spring attached to
the striker rear is fastened at the other end to the gun breech, which is grounded. The tar-
get is insulated, and the signal generated by the crystal is recorded on an oscilloscope with
leads attached to the target and ground, respectively. The device is calibrated in numerous
ways included the momentum change of the striker upon embedment in the target. Ten experi-
ments alsc provided high-speed photographic coverage, and a dozen tests were conducted on non-
metallic targets (covered with an aluminum foil) at normal incidence. Development of the
force transducer is complete [6,7], but the range of testing should be extended to higher ve-
jocities and other materials. (g) Controlled projectile tumbling. Thirty tests have been
executed generating tumbling by impact of blunt-nosed strikers at norma! incidence on the free
edge of plates rigidly supported on the other three sides, using photographic coverage. The
effect of this tumbling on a few targets stationed beyond the defiector plate was determined.
An approximate theory of the deflector plate behavior and subsequent projectile motion has
been developed, based on assumed plastic hinge geometries [8]. This work is in urgent need

of further expansion and extension to ballistic speeds. (h) The phenomenon of plate bending

near the ballistic limit has been investigated analytically and experimentally, the Tatter by
conduct of 20 tests. Plastic hinges representing bending and shear effects in the target are
superposed on a solution due to Liss executed under a previous ARO contract and constituting
his doctoral dissertation. This work is in need of expansion to higher speeds and different
materials, and supplementaticn of a finite element analysis of the process. The work repre-
sents a doctoral dissertation which is interrupted by the termination and non-renewal of the
contract [9). (i) Impact cn moving tdargets. This has been successfully accomplished by

precise synchronization of the firing of a pneumatic gun at circular aluminum targets rota-
ting at the end of an arm driven by an electric motor. Extremely interesting petal forma-
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b
«tions are observed depending on the ratio of projectile to target speed. Some progress has
been made in initiating an analysis of this process. This task, which also constitutes a
doctoral dissertation, is about half complete at this time, the termination of the contract
[10]. It should not only be completed, but expanded to higher projectile and target veloci-
ties and a variety of different target materials. (j) VYawing projectile impact on targets.

with an inserted projectile. The tests are currently being analyzed. Major expansion of
this program appears highly desirable, as well as comparisons with the results of target re-
sponse of normal impact at the same translational velocity. (k) Numerical analysis. A

substantial effort should be undertaken to provide two- and three-dimensional operational
numerical! codes for a description of the experimental phenomena observed in the tasks.

A complete ballistic facility has been generated by other DOD, private and University fund-
ing. Three powder guns with calibers of 38, 50 and 57 have been acquired, a nine-channel
flash X-ray system is emplaced, two high-speed framing cameras and digital recording and
processing equipment has been acquired.

The tasks cited above were performed over a 3-year period on a total budget of $260,000.
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