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Abstract : This paper proposes a model for the solutions predicting the coefficient of thermal expansion
of composites including fiber—like shaped(a; > az=a3) and disk—like shaped(a;=as > a3) inclusions like
two dimensional geometries, which was analyzed by one axis and a single aspect ratio, p,=ai/as. The
analysis follows the procedure developed for elastic moduli by using the Lee and Paul’s approach. The effects
of the aspect ratio on the coefficient of thermal expansion of composites containing aligned isotropic
inclusions are examined. This model should be limited to analyze the composites with unidirectionally aligned
inclusions and with complete binding to each other of both matrix and inclusions having homogeneous
properties. The longitudinal coefficients of thermal expansion e, decrease and approach the coefficient of
thermal expansion of filler, as the aspect ratios increase. However, the transverse coefficients of thermal
expansion as; increase or decrease with the aspect ratios.

Keywords : composite, eshelby, two—dimension, disk—like, fiber—like, aspect ratio, linear thermal
expansion.
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Figure 1. Schematic view of the ellipsoidal inclusions, or filler
particles, characterized by a single aspect ratio, p,(=aj/az) and
az=—as.

B

] r“' \
P |

[a) =phers
¥y
X,
.-..
[
(b)) disc

Ei‘x. I: ' |]
{c) Bber

Figure 2. Schematic views of inclusions with the shape of a
sphere, disc, and fiber and their orientation relative to sample
axes.
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Figure 3. Surface area—to volume ratio(A/V) of a cylindrical
particle of given volume plotted vs. particle aspect ratio, p,(=
ai/a3). Sphere is p,=1, fiber is g, > 1, and disc is p, < 1.
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Table 1. Material Properties of Epoxy and Glass Fiber

Density Modulus Linear Poisson’s
(g/cm®) (Gpa) CTE (K™)  ratio
Epoxy 1.24 2.8 81x107°  0.35
Glass fiber 2.54 72.4 5.0%x107° 0.22
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Figure 4. Normalized coefficient of longitudinal thermal expan—
sion, (on1-am)/(ae-am), as a function of aspect ratio, p,, for
various filler volume fractions of filler, ¢g= 0.25, 0.50, and 0.75.
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