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Abstract: To reveal the effects of manufacturing induced thermal rc%ldu#& TRS) on the transverse tensile
a

response prediction of carbon fiber reinforced epoxy composites, a repr 1ve volume element (RVE) generation

method based on the random perturbation method was devel ope models which are more similar to the real

microstructure were established. With periodical boundary co
(fiber, matrix and interface), the thermal residual stress—4

predicted under the thermal and mechanical loading §&m dy

1 8 and the constitutive models of the constituents
d

d progressive damage response of the models can be

shs respectively. From the results, it can be found that

the manufacturing process induces compressive stxdssJih the matrix between two adjacent fibers and tensile stress

around the voids along the loading direction. For the RVE models without voids, it is the interface debonding that

contributes to the crack initiation and the thermal residual stress between two adjacent fibers increases the predicted

strengths. The crack of the RVE models with voids all initiates from the matrix around the void and the manufactur-
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ing induced residual tensile stress around the void along the loading direction would contribute to the decrease of the
predicted strengths from RVE models with voids. For the RVE models with different void sizes, with the increase of
the void size, the failure strength decreases, and the thermal residual stress weakens the effects of void size on
strength reduction. For the RVE models containing elliptical voids with different aspect ratios, the thermal residual
stress would enhance the effects of aspect ratio on the strength reduction.

Keywords: void; thermal residual stress; composites; reprehensive volume element; transverse tensile strength
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Fig. 1

Generation process of representative volume
element (RVE) model for carbon fiber reinforced epoxy

composites with fiber and void random distribution
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Table 1 Transverse mechanical properties of carbon fiber

(e@ and epoxy matrix at room temperature
L)

Carbon fiber Epoxy resin

23.34 3. 45
Tensile strength/MPa — 85.7
Compressive strength/MPa — 232.5
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Table 2 Parameters for damage model of epoxy resin and interface

] d/MPa 8 k el e Gm/(Jem™2)
Epoxy resin —
104. 8 37.7 0.8 0.025 0. 25 5
K,=K,/(GPa*m™ 1) ) = t2/MPa Gy=Gs/(Jem™2)
Interface
108 85.7 100

Notes: d is the cohesion of the material; 8 is the slope of the linear yield surface; k is the ratio of the yield stress in triaxial tension to the yield
stress in triaxial compression; ggl} and gSL are equivalent plastic strain for damage initiation under tension and compression respectively; Fracture
energy of the matrix is defined as Gy, » K, and K, are initial normal and shear stiffness of the interface respectively; and are normal and shear

strength of the interface respectively; G, and G, are initial normal and shear stiffness of the interface respectively.
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(b) Stress distribution after crack initiation
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Fig. 11  Stress distribution from RVE model of carbon fiber reinforced epoxy composites without thermal residual stress (TRS)
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(b) Stress distribution after crack initiation
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Fig. 13 Stress distribution for RVE model of carbon fiber reinforced epoxy composites with TRS under tension loading
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Fig. 18 Crack initiation patterns of RVE models for carbon fiber r poxy composites with different void radius values
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Fig. 24  Crack initiation pattern for R of carbon fiber reinforced epoxy composites with void aspety

SDEG

(Avg: 75%)
+1.000e+00
+9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000e+00

(a) Model without considering TRS (b) Model with considering TRS
P25 FLERICBE L 2 A BR T 21 o B AU IR 52 5 b0 RVE B8 R 8GR IR 7

Fig. 25 Crack initiation and damage pattern for RVE model of carbon fiber reinforced epoxy composites with void aspect radio of 2
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