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Recently, the concern for safety is increasing as customers’ interest in Run-Flat tires, which can assure their safety in case
of a puncture when driving, is growing. Run-Flat tires continues to evolve with the demands of customers who want the
performance of general tires such as fuel-consumption and comfort from the basic Run-Flat function in the 1st generation.
Run-flat tires are designed in various ways to cope with puncture in pneumatic tires. Currently, Run-flat tires in which Run-
flat Inserts are inserted into sidewalls of the tires are mainly used. In this study, we would like to propose a method to
predict the temperature of sidewall of a Run-flat tires while running and how it affects the durability. We predicted the
temperature distribution of sidewall during the running of Run-flat tires by calculating energy loss which is from the
viscoelastic characteristic of rubber through deformation analysis of tires, and verified the prediction technique by comparing

with the Run-flat endurance test.
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Fig. 1 The curve of elastic stress and viscous stress
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Fig. 2 Phase difference of viscoelastic stress and elastic stress
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Fig. 3 The complex of viscoelastic stress and elastic stress
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Fig. 4 The sinusoidal cyclic deformation of sidewall on rolling
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Fig. 6 Heat build-up work flow
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Fig. 8 The results of temperature using the heat build-up analysis
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Fig. 10 The stress-strain data of rubber

Table 1 Construction of the tire for verification

Ver. Body ply turn-up Stiffness of sidewall
A 63 mm
Ver. A > Ver. B
B 59 mm
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Fig. 11 The finite element model for heat transfer analysis

Table 2 The properties of materials

Property Conductivity — Specific heat Density

Material (W/m°C) (J/Kg°C) (Kg/m?)
Tread 0.213 1302 1192
Belt 1.027 1170 1176
Wrap 0.431 1870 1133
Sidewall 0.325 1380 1089
RFI 0.276 1016 1157
Body ply 0.366 1740 1111
Inner liner 0.373 1030 1268
Bead filler 0.627 1125 1198
Rim strip 0.414 1420 1140
Bead wire 2.231 2140 3056
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Fig. 12 The results of heat transfer analysis
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Fig. 13 The thermal test results using thermo-graphic camera

Table 3 Results of run flat test

Ver. Running time Max. Temp. of sidewall
A 101 min 97.16°C
B 86 min 101.34°C
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Fig. 14 The thermal test results using thermo-graphic camera
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Run Flat Inserts(RFI)

Fig. 15 The thermal test results using thermo-graphic camera

Table 4 Results of run flat test and analysis

Ver. Test Analysis
Running time ~ Sidewall Sidewall RFI temp.

A 101 min 97.16°C 88.87°C 152.8°C

B 86 min 101.34°C 95.90°C 160.3°C
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