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Abstract

Fiber-reinforced composites not only have a direction of thermal expansion coefficient, but also inevitably suffer thermal stress
effects due to the difference between the manufacturing process temperature and the actual use temperature. The damage caused by
thermal stress is more prominent in the case of thick composite laminates, which are increasingly applied in the aerospace industry,
and have a great influence on the mechanical function and fracture strength of the laminates. In this study, the dimensional reduction
and thermal stress recovery theory of composite beam structure having high slenderness ratio is introduced and show the efficiency
and accuracy of the thermal stress comparison results between the 3-D finite element model and the dimension reduction beam
model. Efficient recovery analysis study will be introduced by reconstructing the thermal stress of the composite beam section
applied to the thermal environment by constructing the dimensional reduction modeling and recovery relations.
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Fig. 3 Configuration of 3-D rectangular beam and 1-D
beam, example 1
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Fig. 4 Stress component o,; at mid-span z, =63.5,
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Fig. 5 Stress component o,; at mid-span z; =63.5,
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Stiffness calculation using discreted shape
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Fig. 7 Configuration of 3-D rectangular beam and 1-D
beam, example 2

Table 1 Material properties of rectangular composite

beam
Properties Mat 1 Mat 2
By 259.4MPa 133.4MPa
By, By 14.90MPa 14.90MPa
Vig, Vi3, Vg 0.25 0.26
Gy, Gy, Gy 5.53MPa 3.81MPa
g 4.56x10°%/C 2.0x10°%/C
P 14.21x10°5/C 27.34x10°%/C
Ky 602.7W/(mC) 601.9W/(m)
Koy, Ko 5.61W/(mC) 0.72W/(mC)
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Fig. 8 Stress component ¢,, at mid-span z, =40, z,=0,

example 2
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Table 2 Material properties and geometry properties
for arch beam

Properties Mat 1 Mat 2
E 70967MPa 141934MPa
v, 0.35 0.3
o 1.42x10°mm/mm/C | 8.11x10 *mm/mm/C
T imer 104.6mm
T outer 109.7mm
T outer 5.08mm
T outer 2.54mm

Stiffness calculation using discreted shape
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Fig. 11 Configuration of finite solid beam &
cross-section, example 3
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Fig. 12 Stress component o, at mid-span z, =40,
z,=0, example 3
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