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Analysis and compensation of influence of tread pattern on tire
slip stiffness
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(National Key Laboratory of Automotive Chassis Integration and Bionics, Jilin University, Changchun 130022, China)

Abstract : Considering the complexity of the finite element model for tread patterns and the high computational
cost, this paper explores the influence of tread patterns on tire slip stiffness and proposes a compensation method.
First, finite element models of the tire and rubber sample were developed. Viscoelastic material parameters were
determined through theoretical analysis and simulation validation, while hyperelastic material parameters were
obtained from testing to complete the tire finite element simulation and validation. Next, simulations of smooth
and patterned tires were conducted to examine the effect of tread patterns on slip stiffness. Subsequently, finite
element models of tires with varying specifications and corresponding tread patterns were created to analyze the
impact of patterns on slip stiffness for different tire specifications. The effects of material properties and tire

pressure on slip stiffness were also explored. Finally, based on the findings, a compensation method for tire slip
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stiffness in smooth tires was established. The results indicate that tread patterns reduce tire slip stiffness and

have differing impacts on longitudinal and lateral stiffness. Under the same load, the effect of tread patterns on

slip stiffness is nearly identical across various tire specifications, material properties, and tire pressures. The

developed compensation method for tread pattern slip stiffness demonstrates high accuracy, with 96.6% for

longitudinal stiffness and 97.6 % for lateral stiffness. This study can significantly reduce the time and cost required

to model tread pattern finite element models, offering valuable insights for tire design and performance

optimization.
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Fig.1 Pattern tire finite element model

modeling process
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Table 2 Material and analysis step parameter settings
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Fig.3 Finite element model uniaxial tensile

stress—strain results
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Fig. 4 Rubber uniaxial cyclic tensile stress—strain results
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Table 4 Cord material parameters
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Table 6 Static stiffness test conditions
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Fig. 8 Comparison of test and simulation results of tire mechanical characteristics under static conditions
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Table 7 Summary of tire static condition

simulation accuracy %
FAr/N RN N NI NI
2705 96.5 98.1 99.5 94.7
5410 96.2 98.0 96.4 94.5
8115 94.2 94.3 96.2 96.7
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Fig.9 Comparison of test and simulation results of tire
mechanical characteristics under steady
state conditions
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Table 8 Summary of tire steady—state simulation

accuracy %
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Fig. 10 Different specifications of tires and corresponding size patterns
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Table 9 Tread design dimensions of tires with different

specifications
KA Wim%/mm  AB/mm AC/mm AD/mm
TireA 190 15 43 85
TireB 207 16 45.9 91.5
TireC 211.5 16 47.9 95.1

F10 HEBREITERS

Table 10 Calculated tread dimensions

2 Wi 98 /mm  AB/mm  AC/mm  AD/mm
TireB 207 16.3 46.8 92.6
TireC 211.5 16.7 47.8 94.6

(a)Tirel (b)Tire2
1 J}
(c)Tire3 (d)Tire4
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Fig. 11 Finite element modeling of tires with

different specifications
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Table 11 Tread pattern dimensions

Fmy Wi %6 /mm  AB/mm AC/mm AD/mm
Tirel 226 20.5 55.0 104.3
Tire2 216 19.6 52.6 99.7
Tire3 236 21.4 57.4 108.9
Tired 241 21.9 58.7 111.2
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Table 12 Simulation results of tire slip stiffness of patterned and smooth tires

- — 4w W1 (N /rad ) YN (N/—)
G EA e
F.=4000N F.=6000N F.=8 000N F=4000N F=6000N F.=8000N
' L8 66 065.5 82518.5 90 529.3 98 522 131 870 163 450
Tire
St 1 i 74 298.3 97 014.5 108 369.5 106 910 144 960 180 150
w8 71884.3 90 078.1 101 410.7 107 580 144 980 180 250
Tire2
ST i 83 078.9 101 410.7 112 950.0 119 440 154 910 194 270
8k 62 850.7 79 022.3 88 825.7 91 497 121 300 151 570
Tire3
ST 72 273.8 94 761.5 106 661.8 101 350 135 890 167 110
8k 59 072.0 76 363.8 86 915.9 85 724 121 300 145 040
Tired
JETHE 68 634.6 89 656.4 102 666.9 96 256 135 890 158 000
12¢ #13 BERKAMENSHIUESTEE
B ~=4000 I~ Lo
z Table 13 Fitting range of tread rubber constitutive
B F.=6000 § rang
Lor 1 F~8000 model parameters
08 AR/ % C10 €20 30
g 135 0.636 06 —0.097 31 0.038 45
‘% 0.6 100 0.667 89 —0.168 75 0.067 81
g 50 0.795 11 —0.795 89 0.705 99
0.4
1.00
02 0.98 |
’ 0.96 L
0.94
0.0 L i ]
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1OF ] F=8000 082} N
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Fig. 12 Sip stiffness ratio of treaded and smooth tires FIN
under different specifications bR ERSE
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smooth tires
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Fig. 14 Compensation results of steady-state tire

slip stiffness
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