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Abstract : In this paper, a sensitivity analysis between a Tire Design Parameter(TDP) and a Functional Tire
Characteristics(FTC) was conducted by using FE simulation data, and a multi-objective optimal design was derived by using
an optimization algorithm. By introducing variation on 21 TDPs, 43 virtual tire models were designed to analyze the
sensitivity of TDPs on FTCs. FE simulations were performed to calculate the FTCs of the virtual tires, and a sensitivity
analysis was conducted to identify the primary TDPs for each FTC. Multiple linear regression equations for each FTC were
derived and would be used as surrogates. Then, Pareto solutions to optimize the FTCs were obtained by using
NSGA-II(Non-dominated Sorting Genetic Algorithm) and the surrogate model. Furthermore, multi-dimensional Pareto
solutions can be mapped onto a two-dimensional space, and will be clustered by using SOM(Self-Organizing Map). This
framework can derive the optimal tire design solution efficiently for the given functional requirements.

Key words : Multi-objective optimization(tH5-2] ] 2}’d 7]|), Non-dominated sorting genetic algorithm(¥] =9l 4 & {73
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Fig. 1 Process of tire optimization design
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3.1 Tire Design Parameter
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Table 1 Tire Design Parameter(TDP) list
No. Name Max. Base Min.
value value value
TDP1 Overall diameter 812mm | 807 mm | 802 mm
TDP2 Section width 295mm | 290 mm | 285 mm
TDP3 Tread width 246 mm | 240 mm |234 mm
TDP4 Tread radius 1 1,440 mm | 1,200 mm | 960 mm
TDPS Shoulder drop 13 mm 11 mm 9 mm
TDP6 | Shoulder tread gauge | 8.2mm | 7.7mm | 7.2 mm
TDP7 Tread depth 9 mm 8 mm 7 mm
TDP8 | Cap tread modulus 120 % 100 % 80 %
TDP9 Under tread gauge 27mm | 22mm | 1.7 mm
TDP10 Sub tread gauge 2 mm 1.5 mm 1 mm
TDP11 Belt width 250 mm | 240 mm | 230 mm
TDP12 Belt angle 30° 27° 24°
TDP13 Belt modulus 150 % 100 % 70 %
TDP14 | Carcass modulus 120 % 100 % 80 %
TDP15 | Carcass turn-up height | 96 mm 76 mm | 56 mm
TDP16 Cap-ply modulus 120 % 100 % 80 %
TDP17 | Edge cap-ply width | 250 mm | 30mm | Omm
TDP18 | Beadfiller modulus 150 % 100 % 50 %
TDP19 Beadfiller height 40 mm 30mm | 20 mm
TDP20 | Upper sidewall gauge | 6 mm 45mm | 3mm
TDP21 | Lower sidewall gauge | 10 mm 85mm | 7mm
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Fig. 2 Tire Design Parameter(TDP) on tire layout




Table 2 Virtual Tire(VT) list

M3} R 2[5

No. TDP1 TDP2 TDP3 o TDP21
VT1 Base Base Base e Base

VT2 Max Base Base e Base

VT3 Min Base Base e Base

VT4 Base Max Base e Base

VT5 Base Min Base e Base
VT42 Base Base Base e Max
VT43 Base Base Base e Min

3.2 Functional Tire Characteristics
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Table 3 FTC list
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Handling Cornering stiffness Increase
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