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A Concept for Improving the Dimensional Stability of Filamentary
Composites in One Direction

An analytical investigation was conducted into the
design of filamentary composites having high strength
and stiffness and a zero thermal coefficient of expan-
sion in one direction. Advanced filament materials,

such as boron, used in three-dimensional reinforce-

ment configurations demonstrated substantial ad-
vantagés over conventional filamentary composites.

Calculated strength, stiffness, and density of selected
composites designed to give zero thermal coefficients
of expansion in one direction compared favorably with
such structurally efficient materials as the better
titanium alloys. An analysis of three-dimensional re-
inforcement configurations revealed a capability for
substantially enhanced strength properties, particu-
larly for loadings where shearing stresses inclined at
angles to the filaments are critical. Calculated stiffness
properties of the three-dimensional reinforcement
configurations are also generally superior to those of
planar, two-dimensional reinforcements.

A major contribution of this study is the quanti-
tative demonstration of enhanced shear strengths
provided by three-dimensional reinforcement at angles
to the filaments. The fact that the quantitative in-
creases have been calculated to be so substantial
should provide impetus to the development of such
three-dimensionally reinforced composites.

Guidelines- were established for the characteristics
of the filamentary material, binder, and reinforcement
configuration required to achieve a filamentary com-
posite with a zero thermal coefficient of expansion in
one of its principal directions. Analysis methods were

developed for the evaluation of the elastic constants,
the thermal expansion coefficients, and the strengths
of two- and three-dimensionally reinforced compos-
ites.
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