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Effect of Yarn Structure on Mechanical Properties of Natural Fiber Twisted Yarns
and Green Composites Reinforced with the Twisted Yarn
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Natural fiber twisted yarn has high potential as a reinforcement of green composites, because the yarn is produced
as a continuous form, which is necessary for exhibiting reinforcing mechanism in a composite. In a twisted yarn,
spun yarn filaments meander from the twisted yarn surface to inner along the yarn axis. This phenomenon is called

‘migration’, and yarn structural mechanics has been developed by taking an ideal migration into consideration. In
the yarn mechanics, yarn tensile properties are often expressed as a function of twist angle, while yarn structure
depends strongly on performance of twisting machine. Thus, the present study deals with the effect of twist contraction
ratio (TCR), one of the most important parameters in yarn structure, on tensile properties of twisted yarns and green
composite reinforced with twisted yarn. Ramie spun yarn filaments were used as a test material, and the twisted yarn
were produced using auto or hand twisting machine. The results show that relation between mechanical properties of
the twisted yarn and yarn structure can reasonably be comprehended when choosing TCR as an evaluation parameter.
Furthermore, this study additionally deals with relation between theoretical elastic modulus, and twist angle or TCR
based on the experimental data of green composites as well as twisted yarns.
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Fig. 2 Open-up structure of a lamina.
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Table 1 TCR measured from Type A and H twisted yarn
specimens (SY : Single yarn).

Type A Type H
Number TPI Average CV Average
of SY
(%)

15 0.996 0.159 0.991

2 3.5 0.989 0.554 0.972
6.5 0.971 278 0.92

15 0.994 0271 0.988

35 0.989 0.673 0.964

3 6.5 0.976 1.97 0.895
13 0.869 7.58 —

15 0.994 0.261 —

35 0.983 1.01 —

4 65 0.952 257 -
13 0.811 5.46 —

1.5 0.9 0.393 0.986

35 0.978 1.00 0.948

3 6.5 0.925 458 0.842
13 0.754 17.0 —
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Fig. 3 Relation between TCR and twist angle in Type A
and H twisted yarns.

(b) Type H

Fig. 4 Observation of migration on ramie twisted yarns.
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Fig. 5 Relation between twist angle and yarn elastic
modulus of ramie twisted yarns.
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Fig. 6 Relation between twist angle and tensile strength
of ramie twisted yarns.
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Fig. 7 Representative stress - strain diagrams of ramie
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Fig. 9 Relation between TCR and tensile strength of
ramie twisted yarns.
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Fig. 10 Representative stress — strain diagrams of PVA

composites reinforced with SY and several twisted

yarns.

Table 2 Tensile properties of PVA composites reinforced

with ramie twisted yarn.

twisted yarns.
25
< ® SY
& 20F O Typea °
s A Type H
g o®
= 15F &
'é R
10 &
% N £
= 5+ A
S8 o o
8.7 075 0.8 085 0.9 0095 1
TCR

Fig. 8 Relation between TCR and yarn elastic modulus of

ramie twisted yarns.

Elastic modulus Tensile Fracture
TPI vy (Young’s modulus) strength Strain
(GPa) (MPa) (%)
(SY) 0.51 11.0 326 2.93
1.5 0.70 8.45 196 344
35 0.73 4.36 201 4.81
6.5 0.76 2.52 133 9.23
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Fig. 11 Relation between twist angle and normalized
elastic modulus.
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Fig. 12 Comparison of theoretical elastic modulus
with experimental data.
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