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Characterization and Prediction of Elastic Constants of Twisted Yarn Composites

Joon-Hyung Byun”, Sang-Kwan-Lee', Moon-Kwang Um', Tae-Won Kim', Sung-Woo Bae'

ABSTRACT

A 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 angles were tested, and strength and Young's modulus under tensile, compressive, and shear
loading have been obtained. The sample was fabricated by the RTM process using glass yarns 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 Geometry of a twisted yarn: (a) 1/3 yarn; (b) parametric
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Fig. 2 Coordinate system of an infinitesimal element for twisted
yarn composites.
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Fig. 3 Schematic of volume averaging method for twisted yarn
composites.
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Table 1 Characteristics of E-glass yarns

Yarn Description Filament Dia. ( zm) Tex (g/1000m)

ECH 37 1/0 0.7Z 11 136.8
ECH 37 1/2 388 11 273.6
ECH 37 1/3 388 11 4104
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Fig. 4 SEM micrographs of twisted yarn composites:
(a) ECH 37 1/2 3.8S ; (b) ECH 37 1/3 3.8S.

®)

Fig. 5 SEM micrographs of composites cross-section:
(a) ECH 37 1/2 3.85 ; (b) ECH 37 1/3 3.8S.
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Table 2 Summary of input data for the model prediction

Yam Twist Vi Material Mechanical
Type Angle (%) Property
. [; = 72 GPa
1/0 0 63.6 E-glass G =295 GPa
- .
12 7° 60.0 iber L =02
° [ == 5 GPa
1/3 10 614 :
Epoxy L =035

Table 3 Experimental results of twisted yarn composites

1/0 12 173

E, 452 40.1 414

Tensile modulus (1.63) (1.84) (2.45)
(GPa) E 16.07 14.26 14.99

™ (0.83) (0.75) (0.9)

E 1191 1199 1070

Tensile strength ™ (101) (83.6) (44.5)
(MPa) E 46 4 415 376

" (4.46) (5.23) (6.58)

) . 2.68 3.13 2.45
Ulnmate.tenSIIe £xt (031) (0.25) ©.11)
SEZZ')" o 030 030 026
(0.04) (0.04) (0.05)

Poissons ratio Vi 0.283 0.287 0.296
¥ (0.01) (0.01) (0.02)

. 471 46.2 44.5
C"'“pd’elss"’e Exe (2.49) (3.30) (8.50)
"‘(‘z}}‘,’a‘)’s e 13.42 13.89 17.48

’ (1.08) (131) (1.63)

. 1299 907 908
Compressive Fie (68.8) (17.2) (68.4)
Sgi']',i‘)h N 164.8 152.3 140.9

¥ (5.58) (16.0) (10.3)

Ul 2.96 235 2.30
coms::st?ve Exe 0.16) 0.12) 02)
; 3.43 1.80 0.91
strain (%) Eye (0.58) (0.66) (0.15)
Shear modulus G 531 5.60 6.27
(GPa) A (0.55) (0.61) (0.58)
Shear strength s 109.7 101.5 824
(GPa) (7.42) (5.32) (8.1)
Ultimate shear 11.8 9.10 478
strain (%) s (0.61) (2.49) (0.86)
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Table 4 Model predictions of twisted yarn composites

am type 110 12 173
Property
E. (GPa) 476 421 403
E,y (GPa) 14.7 13.5 14.0
E., (GPa) 14.7 13.5 14.0
Gy (GPa) 5.90 541 5.60
Gu (GPa) 6.58 6.07 6.34
Gy (GPa) 6.58 6.07 6.34
Ve 0.247 0.248 0.244
v 0.083 0.088 0.096
Vs 0.267 0.275 0276
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