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Research Summary

Work under this grant has proceeded in two areas: (i) coml)ined experimental and numerical studies

of the plastic response of metal matrix composites in collaboration with Professor S. Suresh and (ii)
analyses of dynamic crack growth in porous plastic solids in collaboration with Dr. V. Tvergaard
of the Technical University of Denmark.

In work that began under contract N00014-86-K-0262 and finished under the present grant. )y-
namic crack growth was analyzed numerically for a plane strain double edge cracked speci en
subject to symmetric impulsive tensile loading at the two ends. The material behavior is described
in terms of an elastic-viscoplastic constitutive model that accounts for ductile fracture 1) tlhe n-
cleation and subsequent growth of voids to coalescence. Two populations of second phase parlicles
are represented, including large inclusions or inclusion colonies with low strength. which result in
large voids near the crack tip at an early stage, and small second phase particles, which require
large strains before cavities nucleate. The crack growth velocities determined were entirely based
on the ductile failure predictions of the material model, and thus this study is free from ad hoc
assumptions regarding appropriate dynamic crack growth criteria. -Adiabatic heating due to plas-
tic dissipation and the resulting thermal softening were accounted foi in the analyses. I)ifferent
prescribed impact velocities, inclusion spacings and values of the inclusion nucleation stress were
considered. Predictions for the dynamic crack growth behavior and for the tinie variation of crack
tip characterizing parameters were obtained for each case analvzed. _ -

In the above work, which has been submitted for publication, attention was confined to uniformly
spaced inclusion distributions. In continuing work, the effect of non-uniform inclusion distributions
has been analyzed. The aim here is to quantify distribution effects on toughness. Our results
indicate that both the COD at the original crack tip needed to grow the crack a fixed amount and
the crack speed scale linearly with root mean square inclusion spacing, to a good approximalion.
At fixed mean inclusion spacing, we obtain an increased resistance to crack growtL with increasing
root mean square inclusion spacing. Hence, in the circumstances analyzed here, resistance to
crack growth increases with increasing deviation from uniformity. This can be cottrastoed witli
experimental and theoretical results which demonstrate that deviations from a uniforii porositY
distribution tend to decrease ductility. A manuscript describing this work is in preparation.

The deformation characteristics of ceramic whisker- and particulate-reinforced metal-malrix com-
posites are being studied experimentally and numerically in collaboration with Professor S. Suresh
with the objective of investigating the dep-ndonce of mechanical properties on the matrix mi-
crostructure and on the size, shape, and distribution of the reinforcement phase. Our previous
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work showed that the development of significant t riaxiad stresses wit hin t he con posite mat rix. duo
to the constraint imposed by the reinforcements, provides an important contribution to strengthen-
ing under monotonic uniaxial loading. In particular, our numerical results delivered a mechani-tic
rationale for experimentally observed trends on: (i) the effects of reinforcement morphology and
volume fraction on yield and strain hardening behavior of the composite, (ii) the pronounced in-
fluence of reinforcement clustering on the overall constitutive response. (iii) ductile failure by void
growth within the composite matrix, (iv) the insensitivity of the yield strength of the coiLposite to
changes in matrix microstruct ure. and (v) the dependence of ductility on the microstruCtire e1 the
matrix and on the morphology and disti'bution of the reinforcement. In ongoing work tie effects
of superposed hydrostatic stresses and of cyclic deformation histories are being investigated.

Alan . eedleman
Professor of Engineering
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