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A Study on the Comparison of Approximation Models for
Multi-Objective Design Optimization of a Tire

Byoung-Cheol Song”, Seong-Rae Kim*, Yong-Gu Kang*, Min-Hyeon Han*
(Received 10 August 2011; received in revised form 30 August 2011; accepted 6 October 2011)

ABSTRACT

Tire’s performance plays important roles in improving vehicle’s performances. Tire makers carry out a lot of
research to improve tire’s performance. They are making effort to meet multi purposes using various optimization
methods. Recently, the tire makers perform the shape optimization using approximation models, which are
surrogate models obtained by statistical method. Generally, the reason why we increase sampling points during
optimization process, is to get more reliable approximation models, but the more we adopt sampling points, the
more we need time to test. So it is important to select approximation model and proper number of sampling points
to balance between reliability and time consuming. In this research, we studied to compare two kind cases for
a approximation construction. First, we compare RSM and Kriging which are Curve Fitting Method and
Interpolation Method, respectively. Second, we construct approximation models using three different number of
sampling points. And then, we recommend proper approximation model and orthogonal array adopt tire’s design

optimization.

Key Words : Kriging(Z2]7]), RSM(¥F-8-E ™ H), Tire(E}©]©]), Shape Design Optimization(F 4 A A))
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Fig. 2 FE model for rolling analysis

Table 1 Boundary condition for rolling analysis

Item RR BF cs g
Loadlkg] 4704 4116 588.0 g
Pressure[kggcm’] 23 23 23 5
Velocity[km/h] 80.0 64.0 3.5 -
Slip Angle[deg] - - +8 Ca Slip Angle(deg)
Slip Ratio[%] - 20 - ‘ i
-8 8
317 A& ALS 913l Force Method W18 283}
dow A F3t =1 Fo 3)A MFge dHS

Bagel A4 Ao dass A A3 Fig. 5 Lateral force due to the slip angle
A 4 WS Fig 39 veRRdch

z7] AR AA FZ2E EY 845 23E Table 2

o YEhH A

Table 2 Rolling analysis results of concept model

Concept model

RRc[kgg/ton] 9.42
Drm Cornering stiffness[kgy/deg] 168.57
Braking force[kgs] 418.08

23 HEAA SRl HA}

AEAA AFT AF 2ol 3 A (Rolling
Resistance)S F54 T2 AAs}H o ATde
o] & 32 A5 E(Braking Force)¥ 2% A2 o

)
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Table 3 Boundary condition of design variable

Ry R, X TSW LSH

(mm) (mm) (mm) (mm) (%)
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Table 4 Validation of Kriging and RSM
Design variable RRc(kg¢/ton) BF(kgy) CS(kgy/deg)
( rffr‘n) ( rrfffn) ( rfff;l) (TISI‘I’:; ]ZOSA}){ FEA Kriging RSM | FEA  Krigng RSM | FEA Kriging RSM
1 6000 3500 545 900 500 | 898 922 918 | 417.68  417.63 41774 |172.60 17845 17491
2 8250 3500 598 950 480 | 839 876 878 | 41721  417.17 41727 | 18045 183.10 178.39
310500 3500 650 875 510 | 7.68 7.65 7.69 | 41774 41785  417.79 [178.51 17896 178.28
4 12750 3500 440 925 490 | 859 821 827 | 41736 41738 41738 |180.51 180.38 180.42
5 15000 3500 493 850 520 | 769 7.15 7.9 | 41790  417.89  417.90 [178.75 18028 180.32
Average % Error (%) 383 352 0.01 0.01 121 071
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Z}7}e] ¥ke-X|d)| thdl AR Y-S Hr}Ekg ) Table 5 Validation of predicted models
E}o]o]e] &S InterpolationZ} Curve Fitting & ©] Model R4 R’ Eae  Ems  En
W Ao] & W3 =XE vluwsly] 98 44S dx Pe 0992 0967 0.037 0048  0.068
g Ao WeRES o8 oAE Mlas] Bk o, o 0981 0986 0.021 0023 0.045
. Table 4l vebd 22p o] ZAEE A 24} Jos 0983 0995 0038 0045 0.093
g vusEy =Ade] B RRE 383% BF: g 0996 0984 0105 0.143 0203
0.01%, CS= 1.21%%5 YeERHRAAL RSM9] 4§ RRE , -
3.52%, BFE 0.01%, CSE 0.7%% LFERA AT Br s 0999 0999 0012 0014 0029
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Table 7 Validation of predicted models using 5 random sample points

RR BF CS
Test 1 Test 2 Test 3 Test 4 Test 5| Test 1 Test 2 Test 3 Test 4 Test 5||Test 1 Test 2 Test 3 Test 4 Test 5
Value | 822 728 869 774 776 [417.47 417.77 41751 418.13 417.12(179.55 179.68 175.33 175.07 182.43
FEA Rank | 2 5 1 4 3 4 2 3 1 5 3 2 4 5 1

. Value | 7.61 758 9.54 836 8.16 |417.42 417.77 417.57 418.13 417.23|182.13 180.01 176.04 172.71 180.86

78 Rank | 4 5 1 2 3 4 2 3 1 5 1 3 4 5 2

. Value | 823 736 879 794 749 ||417.45 417.70 417.51 418.06 417.19(176.26 178.15 176.13 173.76 185.09

8 TRank | 2 s 13 4| 4 2 3 1 s |3 2 4 s 1

. Value | 843 774 877 832 7.85 417.42 417.67 417.47 41812 417.11||177.38 178.41 17640 173.73 182.77
75 TRk | 2 5 1 3 4 4 2 3 1 5 3 2 4 5 1
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Table 8 Optimum design using RSM
Design variable Predicted value FEA value %Error
1 2 Xi TSW LSH RRc BF CS RR BF CS RR BF o
(mm)  (mm) (mm) (mm) (%) |(kgyton) (kg (kgi/deg)| (kgiton) (kgp) (kgi/deg)
1103.68 500.0  65.0 85.0 48.0 6.9 418.083 181.59 7.182 41799 179.816| 3.92  0.02 0.99
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