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ABSTRACT

effective way to improve the physical and thermal properties of the tire. It also

affects the fuel consumption of the vehicle.
Methods: In this study, to achieve new reinforcing materials with better performance
using conventional fibers, a hybrid tire cord has been manufactured by twisting
nylon 6.6 and polyester yarns together. The effects of twist level and core ratio were
studied on the thermomechanical properties of the hybrid cord. The produced cords
have different twist levels of 300, 350 and 400 tpm and core ratios of 1.00, 1.03,
and 1.05. The mechanical properties of these cords, including strength and creep,
have been studied. The heat shrinkage and shrinkage force were also measured and
compared with reference samples, nylon and polyester yarns and cords. The dynamic
mechanical thermal analysis (DMTA) was used to examine the shrinkage force and
creep of the tire cords.
Findings: The results show that the yield strain and shrinkage of all hybrid cords
were lower than those of the nylon cord and more than those of the polyester cord.
The increase in the twist level leads to a decrease in the load at specific elongation
(LASE), and also an increase in the creep due to the helix angle between the cord
axis and filament axis. In addition, the LASE, work to rupture and creep increase, as
the core ratio increases. Furthermore, a rise in twist level and core ratio leads to an
increase in shrinkage and shrinkage force. The hybrid tire cord with a core ratio of
1.05 due to its dimensional stability and good mechanical properties can be used to
design high-performance tires.

Hypothesis: Design and production of hybrid tire cords is a simple and cost-
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Fig. 1. Fiber placement in tire structure: (a) radial and (b) bias [9].
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Table 1. Initial specification of hybrid samples.

Sample Twist (tpm*) Core ratio
HC-t300-cr, 300 1.00
HC-t300-cr, 300 1.03
HC-t300-cr, 300 1.05
HC-t350-cr, 350 1.00
HC-t350-cr, 350 1.03
HC-t350-cr, 350 1.05
HC-t400-cr, 400 1.00
HC-t400-cr, 400 1.03
HC-t400-cr 400 1.05

*tpm: twist per meter.
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Table 2. Strength of reference and hybrid samples.

e Aas e S | (load at specific elongation, LASE)
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Sl Strength Yield strain Work to rupture LASE*'-5% Modulus
(cN/tex) (%) 0 ™) (cN/tex)
PET yarn 83.36+1.1 11.4+0.8 1.64+0.10 45.541.0 411.5+14.6
PET cord 65.27+4.0 19.2+1.2 6.07+0.33 59.3540.9 340.746.1
Nylon yarn 75.60£1.2 17.120.4 1.84+0.03 18.36+0.51 294.249.7
Nylon cord 72.97+2.0 23.1+1.1 6.04+0.63 32.79+1.36 231.1+11.2
HC-t300-cr, 70.83+1.1 20.3+1.3 5.87+0.5 44.64+2.5 273.3+11.44
HC-t300-cr, 71.47+0.6 20.2+0.6 5.93+0.26 47.3242.8 292.6+11.8
HC-t300-cr, 72.55+0.7 20.0+1.3 6.22+0.52 52.69+2.0 317.3£10.2
HC-t350-cr, 68.27+1.5 20.5+1.1 5.72+0.49 43.28+1.6 255.8+8.4
HC-t350-cr, 70.15+1.2 20.9+1.2 6.08+0.48 45.0242.2 281.6+8.4
HC-t350-cr, 69.86+0.7 21.6£1.1 6.45+0.39 47.1343.7 243.0+6.0
HC-t400-cr, 66.98+1.6 22.1£1.3 6.18+0.49 40.37+2.0 262.6+14.9
HC-t400-cr, 66.92+1.0 22711 6.45+0.38 40.46+2.6 295.2+12.3
HC-t400-cr, 65.13+1.4 20.6+1.2 5.65+0.51 44.55+1.7 295.2+12.3

*!I LASE: Load at specific elongation (elongation 5%).
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Fig. 3. Shrinkage of hybrid cords.
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Fig. 2. Stress-strain curve of nylon and polyester cords and

three hybrid samples.
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Table 4. Shrinkage force of reference samples and hybrid cords.

Shrinkage force (cN/tex)
Samples T (C)
at 177°C atT e
PET yarn 1.91 2.48 233
PET cord 1.35 1.76 247
Nylon yarn 2.28 3.40 233
Nylon cord 1.63 2.84 238
HC-t300-cr, 1.52 2.41 238
HC-t300-cr, 1.85 2.71 234
HC-t300-cr, 1.98 2.94 238
HC-t350-cr, 1.33 2.07 237
HC-t350-cr, 1.74 2.62 234
HC-t350-cr, 1.50 2.24 233
HC-t400-cr, 1.66 2.47 233
HC-t400-cr, 1.70 - -
HC-t400-cr, 1.60 - -
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Table 3. Shrinkage of hybrid cords and reference samples.

Sample Shrinkage (%)
PET yarn 1.64+0.40
PET cord 2.23+0.12

Nylon yarn 2.85+0.18
Nylon cord 4.84+0.32
HC-t300-cr, 3.37+0.11
HC-t300-cr, 4.05+0.23
HC-t300-cr 4.05£0.15
HC-t350-cr, 3.51+0.21
HC-t350-cr, 4.17+0.24
HC-t350-cr 4.3140.17
HC-t400-cr, 3.84+0.10
HC-t400-cr, 4.39+0.65
HC-t400-cr 4.63+0.09
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Fig. 6. Effect of twist on creep curves of hybrid cords.
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