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An improved numerical prediction method of elastic properties based on two unit-cells

models for 3D angle-interlock woven composites and experimental verification

CAO Xinyi , PENG Xiuzhong, FAN Jin', ZHOU Mengjing
(School of Science, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To accurately predict the macroscopic elastic properties of 3D angle-interlock woven composites, interi-
or and surface unit-cells mesoscopic solid models were established for numerical analysis based on the geometric
parameters measured in CT images, and surface unit-cells were modeled in the form of integrated surface unit-
cells. Then a tensile test in warp direction was conducted for 3D angle-interlock woven ultra-high molecular weight
polyethylene (UHMWPE) fiber/polyurethane composites. The results show that the predicted macroscopic elastic
modulus values of the composites based on two unit-cells models are in good agreement with the experimental val-
ues. The tensile modulus in the warp direction of the integrated surface unit-cells is smaller than that of the interior
unit-cells. During the tensile test in the warp direction, stress concentration tends to occur at the interface among
warp yarns, the end of weft yarns along the width and the interface between warp yarns and matrix. When the num-
ber of weft layers is less than 30, the effect of surface region on the overall mechanical properties of the composites
should be considered.
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Fig.1 Profiles in warp and weft directions of 3D angle-interlock woven

(b) Profile in y direction

ultrahigh molecular weight polyethylene (UHMWPE)

fiber/polyurethane composites
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Table1 Mesoscopic geometric parameters’ measurements of 3D angle-interlock
woven UHMWPE fiber/ polyurethane composites

Yarn Parameter Number of measurements Average value Variable coefficient Input value
Height H,, 408 0.492 mm 0.137 0.469 mm

Weft Width W, 408 1.919 mm 0.042 1.919 mm
Space S,, 306 3.651 mm 0.012 3.333* mm
Width w; 300 1.139 mm 0.014 1.111* mm

Warp Height H, 300 0.382 mm 0.143 0.398 mm
Inclination 6 255 45.6° 0.074

Notes: * represents data obtained by equation (10).
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Fig.3 Definition of yarn path and microscopic solid model of

3D angle-interlock woven composites in TexGen
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angle-interlock woven composites
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Table 2 Mechanical properties of
UHMWPE fiber and polyurethane

E,/GPa E™/GPa G,"/GPa
UHWMPE 94 3.5 1.0
fiber G"/GPa v v

1.2 0.29 0.45

E,, /MPa V™
Polyurethane

195 0.25

Notes: E,, G, and v,—Axial tensile modulus, shear modulus and
Passion’s ratio of fiber, respectively; E, G, and v,—Transverse
tensile modulus, shear modulus and Passion’s ratio of fiber,
respectively; E;, and v,,—Modulus and Poisson’s ratio of matrix,
respectively; * represents data obtained by experiments.
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Fig. 6 Interior unit-cell and integrated surface unit-cell finite element

model of 3D angle-interlock woven UHWMPE fiber/

polyurethane composites
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Fig. 7 Design scheme and warp tensile test specimen of 3D angle-

interlock woven UHWMPE fiber/polyurethane composites
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Fig. 8 Tensile test process of 3D angle-interlock woven UHWMPE

fiber/polyurethane composites in warp direction
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Fig.9 Tensile stress-strain curves of 3D angle-interlock woven

UHWMEPE fiber/polyurethane composites in warp direction
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Table 3 Experimental results of tensile modulus in warp
direction of 3D angle-interlock woven UHWMPE
fiber/polyurethane composite specimens

Specimen E,/GPa Average/GPa Variable coefficient/%

No.1 2.02
No.2 2.14
No.3 2.27 2.19 5.34
No.4 2.33
No.5 2.20

Note: E,—Tensile modulus in x direction.

Wt E 9T LRI, N AE/NF 0.03 BF, =
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Table 4 Results of elastic constants of 3D angle-interlock
woven UHWMPE fiber/polyurethane composites by
numerical analysis method

Elastic Interior Integrated surface

constant unit-cell unit-cell Overall
E,/GPa 3.12 1.75 2.39
Ey/GPa 17.21 14.20 15.58
E,/GPa 0.80 0.46 0.62
G,,/GPa 0.79 0.29 0.52
G,,/GPa 0.30 0.18 0.24
G,,/GPa 0.31 0.20 0.25
Vyz 0.35 0.30 0.32
Ve 0.01 0.01 0.01
Viy -0.06 -0.04 -0.05

Notes: E,, E, and E,—Tensile moduli in x, y and z directions,
respectively; G,,, G,, and G, —Shear moduli in xz, yz and xy
directions, respectively; v, v,, and v,,—Poisson’s ratios in xz, yz

and xy directions, respectively.
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Fig. 10 Stress distribution in interior unit-cell and integrated surface unit-cell of 3D angle-interlock woven

UHWMPE fiber/polyurethane composites when the tensile strain in warp direction was 0.001
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Fig.11 Change law of tensile modulus in warp direction and fiber
volume fraction of 3D angle-interlock woven UHWMPE

fiber/polyurethane composites with the number of weft layers
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