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Material Property Charaterization Method and Experimental
Measurement of the Effective Thermal Conductivities of Woven Fabric
Composite Materials
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ABSTRACT

In general, laminate effective orthotropic thermal conductivities are dependent on fiber and matrix
material properties, fiber volume fraction and fabric geometric parameters. This paper deals with the
predicting method of the transverse and the in-plane thermal conductivities of plain weave fabric
composites based on the three dimensional series-parallel thermal resistance network. Thermal resistance
network was applied to unit cell model that characterizes the periodically repeated pattern of plain
weave. Also, an experiment apparatus is setup to measure the thermal conductivities of composite
material. The numerical and experimental results of carbon/epoxy plain weave are compared.
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(a) Decomposition of the unit cell
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(b) The idealized unit cell
Fig. 1 The unit cell of plain-weave fabric lamina

(b) Section of the unit cell along warp direction
Fig. 2 Geometry of the unit cell
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(a) Transverse resistance thermal network
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(b) The idealized half unit cell
Fig. 3 Partition of unit cell for thermai network
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Fig. 5 Experimental apparatus for thermal
conductivity measurement
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Table 1. Thermal conductivities of constituent
materials _
W/m - K ki{(W/m - K)
TR AR kla((a)/dal) ! ! (ra/dial)
717 | FR-4(epoxy) 0.19
E-glass 1.03
M S-glass 3.03
Kevlar-49 296 0.11
Graphite 8.40 0.84
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Fig. 6 Effective thermal conductivities of plain

woven fabric lamina
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