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Abstract: The deformation of fiber under the action of thermal mechanical parameters is caused by the differences
of thermal expansion coefficient between the epoxy resin matrix and carbon fiber, and the stress concentration at
the contact of fiber and matrix. Thermal residual stress is experienced in the product material during the laying pro-
cess of carbon fiber/epoxy resin prepreg composites. Due to the structural characteristics of the carbon fiber/epoxy
resin prepreg composite, the micro representative volume element (RVE) finite element model of the carbon
fiber/epoxy resin prepreg composite with interface phase was established by using ABAQUS finite element software.
The distribution rule and influence mechanism of the residual stress of the prepreg caused by temperature and
pressure parameters were investigated by use of theoretical research and finite element simulation analysis. First,

the temperature and pressure models of the prepreg were established to study the distribution of the residual stress
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of the products under different temperatures and pressure parameters. Second, the indirect coupling temperature

reduction method was applied to simulate the change of residual stress of carbon fiber/epoxy resin prepreg with

fiber volume content. Pressure, temperature and the microstructure of the product were analyzed by electron mi-

croscopy scanning. The basic influence rules of each factor on the residual stress of the products were thus ob-

tained through analysis and comparison of the simulation results. In conclusion, the influences of different underly-

ing parameters such as temperature and pressure on the residual stress of the prepreg were then tested.

Keywords: prepreg tape; automatic laying and forming; composites; residual stress; process parameters
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Fig.1 Finite element model of carbon fiber/epoxy resin prepreg laying
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Table1 Performance parameters of carbon fiber/epoxy resin prepreg

[25]

Density p/(g-cm™) Poisson’s ratio Modulus E/GPa
Fiber 1.76 0.3 248
Matrix 1.68 0.38 2.35
Roll 7.93 0.3 206

Thermal conductivity
coefficient/(W-(m*C)™)

Thermal expansion
coefficient a/(10°‘C™")

Fiber 0.43
Matrix 0.18

-0.74
63.90
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Table 2 Parameters of interface layer between carbon fiber
and epoxy resin'*”!

Parameter of interface layer Value
Interfacial thickness/pm 0.2
Volume fraction/% 3.45
Elastic modulus/GPa 8.3
Poisson’s ratio 0.176
Coefficient of thermal expansion/(107%."C™) 28.34
Density/(g-cm™) 1.26
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Fig. 2 Effect of fiber volume content on residual stress of components of

carbon fiber/epoxy resin prepreg laying products
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Fig. 3 Effect of temperature on residual stress of components of

Residual stress 6/MPa

carbon fiber/epoxy resin prepreg laying products
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Fig. 4 Effect of temperature on residual stress of carbon fiber/epoxy

resin prepreg laying under different distance from the start laying point
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Fig.5 Residual stress distribution in y direction of carbon fiber/epoxy resin prepreg under the action of temperature
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Fig.6 Residual stress distribution in x-z direction of carbon fiber/epoxy resin prepreg under the action of temperature
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Fig. 8 Residual stress distribution in y direction of carbon fiber/epoxy resin prepreg under the action of pressure
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Fig.9 Residual stress distribution in x-z direction of carbon fiber/epoxy resin prepreg under the action of pressure
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Fig. 13 Microstructures of carbon fiber/epoxy resin prepreg products of 80°C at different pressure parameters
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Fig. 14 Microstructures of carbon fiber/epoxy resin prepreg products of 150 N at different temperature parameters
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