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Elastic Model of Twisted Yarn Composites
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ABSTRACT

The stiffness model has been proposed to predict elastic constants of twisted yarn composites. The model is

based upon the unit cell structure, the coordinate transformation, and the volume averaging of compliance constants for

constituent materials. For the correlation of analytic results with experiments, composite samples of various yarn twist

angle were tested. The samples were fabricated by the RTM process using glass yams and epoxy resin.

The

correlations of elastic constants showed relatively good agreements. The model provides the predictions of the three-

dimensional engineering constants, which are valuable input data for the analytic characterization of textile composites

made of twisted yarn.
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Fig. 1 Coordinate system of an infinitesimal element
for twisted yarn composites.
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Table ! Characteristics of the utilized E-glass yarns

Yarn Description | Filament Dia. Tex
(um) (g/100m)
ECH 37 1/00.7Z 11 136.8
ECH 37 1/2 3.88 11 273.6
ECH 37 1/3 3.88 11 4104
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Fig. 2 SEM micrographs of twisted yarn composites:
(a) yarn surface; (b) cross-section of the composites.
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Table 2 Summary of input data for the model prediction
Material (| Mechanical Yarn | Twist Vs
Property Comp. | Angle | (%)
Glass | E=72GPa 1/0 0 63.6
Fiber | G=29.5GPa
v=022 1/2 7° 60.0
Epoxy |E=5GPa 13 | 10° | 614
v=0.35
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Table 3 Model predictions of twisted yarn composites

Yarn type
Property 1/0 12 1/3

Exx (GPa) 47.6 42.1 40.3

E,, (GPa) 14.7 13.5 14.0

E.. (GPa) 14.7 13.5 14.0

Gy, (GPa) 5.90 5.41 5.60

G, (GPa) 6.58 6.07 6.34

Gyy (GPa) 6.58 6.07 6.34
Vyz 0.247 0.248 0.244
Vi 0.083 0.088 0.096
Vay 0.267 0.275 0.276

Table 4 Experimental results of twisted yarn composites

1/0 172 1/3

Tensile | E | 452@169 | 40.8 @115 | 40.2 @196
modulus

(GPa) | Eyy| 16.56 139) | 14.26 z0.75) | 15.96 (£1.89)
Poisson’s

ratio Vyy | 0283 @o01) | 0.287 z0.01) | 0.296 (+0.03)
Comp- | B, | 47.1 @249 | 455 @20mn | 41.5 @356)
modulus

(GPa) Eyy| 17.12 ¢4.56) | 13.89 @1.31) | 17.48 (£1.63)
Shear G

modulus *| 5.20@0.51) | 5.75 @051 | 6.27 (z0.58)
(GPa)- |V
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