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Abstract : The theoretical study is developed for predicting the thermal expansion changes of com—
posites which include complex inclusion, which is used three—dimensional ellipsoid model (a;>as>as),
which has two aspect ratios (the primary aspect ratio, p,=ai/as and the secondary aspect ratio, p=
ai/ag). We can predict the feature of general thermal expansion factors by theoretical approach of
matrix with aligned ellipsoidal inclusion using the Eshelby’s equivalent tensor. The coefficients of
longitudinal linear thermal expansion a;; decrease to those of inclusions, e, as both aspect ratios
increase. The coefficients of transverse linear thermal expansion of composites s initially increase
and show the parabolic curves with maximum values, as the concentrations of filler increase. The
coefficient of thermal expansion, ay in the transverse direction decreases, as g, increases, however,
a2 Increases as g increases. The coefficient of linear thermal expansion of composites, ass in the
normal direction increases, as g, increases, while as3 decreases as g increases.

Keywords : composite, three—dimension, primary aspect ratio, secondary aspect ratio, coefficient
of thermal expansion.
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(a) (b)
Figure 1. (a) TEM photomicrograph of a clay platelet pulled
out by microtoming a polyamide—based nanocomposite formed
from exfoliation of aluminosilicate platelets of montmoril—
lonite—based organoclays in a polyamide—6 matrix; from Ref
[7] and (b) its schematic illustration, where the secondary
aspect ratio, gy=ai/az is about 2.
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Figure 2. Schematic views of the ellipsoidal filler particles,
characterized by three—dimensional geometryor two aspect
ratios: a primary aspect ratio p,=ai/agand a secondary aspect
ratio pﬁ=a1/a2 and three different directional dimensions: the
longitudinal (LD), transverse (TD), and normal (ND) directions.
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Table 1. Material Properties of Epoxy Resin and Glass Fiber

Density Modulus Linear Poisson’s
Kg/m®) (GPa) CTE'(K™D ratio
Epoxy 1240 2.8 81x107° 0.35
Glass Fiber 2540 72.4 5.X107° 0.22
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Figure 3. Normalized coefficient of longitudinal thermal ex—
pansion, ay /om, as a function of volume fraction of filler 4,
for various primary aspect ratios, p,=10, 25, and 500, and
secondary aspect ratios, gg=3 and 6.
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Figure 4. Normalized coefficient of transverse thermal expan—
sion, axn /o, as a function of volume fraction of filler ¢, for
various primary aspect ratios, p,= 10, 25, 100, and 500,
and secondary aspect ratios, pgg=1.5, 3, and 6.
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Figure 5. Normalized coefficient of normal thermal expan—
sion, s /am, as a function of volume fraction of filler ¢, for
various primary aspect ratios, p,=10, 25, 100, and 500 and
secondary aspect ratios, pg=3 and 6.
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Figure 6. Normalized coefficient of bulk thermal expansion
¥/3 e, as a function of volume fraction of filler ¢, for various
primary aspect ratios, g,=10, 25, 100, and 500 and secondary
aspect ratios, pg=3 and 6.
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Figure 11. Normalized coefficient of normal thermal expan—
sion, ai1 /am, as a function of the primary aspect ratio, po=
ai/as, for various aspect ratios, m=1,15,3,6,and 12, and
fixed volume fraction of filler ¢=0.1.

0.88
0.86
0.841
0.821
0.801
0.78 1
0.761
0.74
0.72
0.70

1

Bulk CTE Ratio, 7/ 3am

0° 10! 107 10°

Primary aspect ratio, p,= ar/as
Figure 12. Normalized coefficient of bulk thermal expansion,
a3 /0, as a function of the primary aspect ratio, p,=ai/as, for
various secondary aspect ratios, pg=1, 1.5, 3, 6, and 12 and
fixed volume fraction of filler ¢=0.1.
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Figure 13. Normalized coefficient of longitudinal thermal ex—
pansion, ai1/am, as a function of secondary aspect ratio, ,=
ai/ag, for various primary aspect ratios, p,=25, 50, 100,
200, 400, fiber, disk and sphere, and fixed volume fraction
of filler ¢=0.1.
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Figure 14. Normalized coefficient of transverse thermal ex—
pansion, az2/om, as a function of secondary aspect ratio, m=
ai/as, for various primary aspect ratios, p,=25, 50, 100,
200, 400, fiber, disk and sphere, and fixed volume fraction
of filler ¢=0.1.
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Figure 15. Normalized coefficient of normal thermal expan—
sion asz /am, as a function of secondary aspect ratio, pg=
ai/az, for various primary aspect ratios, p,=25, 50, 100,
200, 400, 800, 1600, fiber, disk and sphere, and fixed volume
fraction of filler ¢=0.1.
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Figure 16. Normalized coefficient of bulk thermal expansion
¥/3am, as a function of secondary aspect ratio, gy=a/as, for
various primary aspect ratios, p,=25, 50, 100, 200, 400,
800, 1600, fiber, disk and sphere, and fixed volume fraction
of filler ¢=0.1.
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Figure 17. Normalized coefficient of longitudinal thermal ex—
pansion, ai1/am, as a function of secondary aspect ratio, 3=
ai/ay, for various primary aspect ratios, g,=25, 50, 100,
200, 400, fiber, disk and sphere, and fixed volume fraction
of filler ¢=0.5.
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Figure 18. Normalized coefficient of transverse thermal ex—
pansion, aws/om, as a function of secondary aspect ratio, &=
ai/az, for various primary aspect ratios, p,=25, 50, 100,
200, 400, fiber, disk and sphere, and fixed volume fraction
of filler ¢=0.5.
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Figure 19. Normalized coefficient of transverse thermal ex—
pansion, as3/am, as a function of secondary aspect ratio, m=
ai/az, for various primary aspect ratio, p,= 25, 50, 100, 200,
400, 800, 1600, fiber, disk, and sphere, and fixed volume
fraction of filler ¢=0.5.
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Figure 20. Normalized coefficient of transverse thermal ex—

pansion, ax»/am, as a function of aspect ratio, p, /. for various
primary aspect ratios, p,=50, 500, and 5000, and fixed
volume fraction of filler ¢=0.1.
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