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Prediction of Engineering Constants for Plain and
8-Harness Satin Woven Composites

Joon-Hyung Byun
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Abstract
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The geometric and elastic models based on the unit cell have been proposed to predict the

properties of woven composites can be identified.
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geometric characteristics and the engineering constants of plain and satin woven composites. In
the geometric model, length and inclined angle of the yarn crimp and the fiber volume fraction
of woven composites have been predicted. In the elastic model, the coordinate transformation has
been utilized to transform the elastic constants of the yarn crimp to those of woven composites,
and the effective elastic constants have been determined from the volume averaging of the
constituent materials. Good correlations between the model predictions and the experimental
results of carbon/epoxy and glass/epoxy woven composites have been observed. Based on the
model, the effect of various geometric parameters and materials on the three-dimensional elastic
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(a) Plain weave (b) 8-harness satin weave

Fig. 1 Woven fabric patterns and their unit cells

(a) Plain weave
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Fig. 2 Schematics of woven fabrics
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Fig. 3 Cross-section of plain woven composites
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Fig. 4 Geometric model of the yarn crimp
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Table 1 Summary of input data for the model prediction

Mechanical data

Geometric data

T300 Carbon fiber

E1f—250 GPa Ezr—20 (JPa
Gi2r==26 GPa ; Gy5i=6 GPa
Vir==0.28

Plain weave
T=1.91 mm ; N=10
k=0.78
ay=12; a;=14

Glass fiber
E=72 GPa ; »,=0.28

Epoxy
E,=6 GPa; yu=0.4

8-Harness satin weave
T=2.6mm; N=10
k=0.7
aw=4.5, a;=6

(Note) E : Young's modulus, G : Shear modulus, v : Poisson’s ratio, f | Fiber, m : Matrix

1 : Longitudinal direction, 2 : Transverse direction
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Table 2 Summary of the mode! prediction and experimental results

Plain 8-harness satin
Properties
Pred Exp. Pred. Exp.
E,. (GPa) 69.7 72.3 (£5.7) 25.9 23.1 (£1.4)
E,y (GPa) 60.9 58.3 (£2.1) 24.2 22.3 (£0.9)
Gyy (GPa) 5.72 4.62 (£0.3) 4.81
Engineerin
& g Gee (GPa) 4.65 4.88
constants
G. (GPa) 4.81 4.85
Vxy (.052 0.058 (£0.01) 0.175 0.138 (£0.02)
Vyz 0.54 0.40
Vzx 0.53 0.41
V; 0.52 0.51 (£0.03) 0.48 0.47 (£0.05)
Geometric
. Ow 8.45 6.5 (£2.5) 19.7 25.0 (£3.5)
characteristics
& 9.11 7.0 (£3.0) 22.4 25.5 (£4.5)
GPa — i . .
70 \
fill r T-300 Carbon / Epoxy 3
yarn S e} 1
23 1
£ W osor .
0w x
ou | Keviar 49 / Epoxy
3 40
o
>
a0 b E-Glass / Epoxy 1
warp Y o1 0.2 03 0.4 0.5
yarn Fabric type (1/np)

Fig. 6 Single layer of a plain woven fabric which
shows the width difference between warp and
fill yarns
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