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Low degree of homogeneity issue on the effective
moduli of plain weave textile composites

Kyeongsik Woo™ and Youngwook Seo*

ABSTRACT

In this paper, the low degree of homogeneity issue in the effective modulus was studied for plain weave
textile composites. Unit cell analyses were performed using multi-field macroelements. The effective
moduli were calculated for finite and infinite configurations and the statistics assessment of the results
was presented. Results indicated that the effective modulus of plain weave textile composites depended
strongly on the fiber tow phase shift angles and the number of layers. As the number of layers increased,
however, the distribution of the modulus showed concentration and higher degrees of homogeneity was
attained.
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Fig. 1. A typical microstructure of plain weave textile composites.
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Fig. 2. A typical sub-element mesh for a 20-node macro-
element. Internal dof' s are not seen in this figure.
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Fig. 3. Arbitrarily stacked four layers of plain weave textile
composites.
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(a) Conventional mesh

(b) Macroelement mesh

Fig. 4. Macro element and sub-element meshes of an arbitrarily
stacked three- layer unit cell model. The circled numbers
in (b) indicate the sub-element mesh types in (c).
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Table. 1. Number of analysis cases. 0
No. of layers No. of cases
2 16 ® x X x
3 256 K Infinite X X
4 4096 5 .. x
5 65536 uF x
6 1048576 2 L fin *
inite X
x X
5. AR 5 1% ®
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Fig. 5. Effective moduli for two-layer plain weave textile unit cell
models. Corresponding phase shift angles are listed in

Table 2.

Table. 2. Phase shift angles for case numbers of two-layer
plain weave unit cell models.

Case No. ( degag\r—ee) Case No. ( deq)g;ee)

] 0 9 130

2 22.5 10 202.5

3 45 11 225

4 67.5 12 247.5

5 90 13 270

6 112.5 14 292.5

7 135 15 315

8 157.5 16 337.5
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(a) Finite, o =0°

(c) Infinite, g, =180°

Fig. 6. Deformed meshes of finite and infinite two-layer plain weave textile unit cell models under a uni-axial tension load.
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Fig. 7. Effective moduli for three-layer plain weave textile unit
cell models.

Table. 3. Example phase shift angles for case numbers of
three-layer unit cell models.

Case | ¢ oo | Case| ¢ ¢
No. |(degree)|(degree)] No. |(degree)|(degree)
0 0 ' 180 0
0 22.5 180 22.5
0 45 180 45
0 67.5 180 67.5
0 292.5 180 247.5
0 315 180 270
0 337.5 180 292.5
22.5 0 315 0
22.5 22.5 315 22.5
22.5 45 315 45
22.5 67.5 315 67.5
22.5 | 2925 315 292.5
22.5 315 315 315
22.5 | 3375 315 337.5
45 0 337.5 0
45 22.5 3375 | 22.5
45 45 337.5 45
45 67.5 337.5 | 67.5
157.5 | 292.5 337.5 | 2925
157.5 315 337.5 315
157.5 | 337.5 337.5 | 3375
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Fig. 8. Distribution of effective moduli for finite unit cell models.
(M=Mean, S=8kewness, CV=Coefficient of Variation, N=Number of layers)
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Fig. 9. Distribution of effective moduli for infinite unit cell models.
(M=Mean, S=S8kewness, CV=Coefficient of Variation, N=Number of layers)
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Table 4. Coefficient of variation in the effective modulus. (CV=
(St.Dev / Mean) x 100 (%) [29])

No. of Finite Infinite
layers
2 6.39 11.19
3 5.68 631
4 5.09 5.41
5 4.63 4.84
6 427 4.69
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