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Optimal Design of Tire Sidewall Contours for Improving
Maneuverability and Durability
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Abstract

Automobile maneuverability and tire durability are significantly influenced by the sidewall tire
contour. In order to improve these tire performances, it is very important for one to determine a
sidewall contour producing the ideal tension and strain-energy distributions. However, these requirements
can not be simultaneously achieved by conventional non-interactive multi-objective optimization methods
based on mathematical programming, because these exhibit the conflicting behavior each other, with
respect to the sidewall contour. Therefore, we execute the tire contour optimization for improving the
maneuverability and the tire durability using satisficing trade-off method.

. M B

1980t F7|FU4 gelojrt AgE ¥, ¥
< AFAEe o3 gelols HES FAAT
g A7zt o2l gk sk 7] Ehol
o= AR Wy ot upFa g Aol
"ol o] gtk o8 HetEr] 98
19153 F=(cord)7} E3H o] Sl AFFE 4
Sl o8] WtAS FPAAH L, ZEARA gloA
T Zgoxulz, AE, ydB% kst &At A
450 ASadd vdsgict. 1%, =gl
golo] 23} 35°¢] Z& o]F wlelojA Elo]
ojo A m=Hbgke] FA A s 90°9] 4L o] F
= HEZS AE ns&Fy 2 kAT HEF

& e Elelolrt ALHAT. a9 =HA,

t AJAA, 4, FAAGE AAA7E dT4
E-mail : jrcho@hyowon.pusan.ac ke
TEL : (051)510-2467 FAX : (051)514-7640

* Fabgiska gt )AL AE ST

~ (F)2EAY ATFLEHATY

& B9 Bl 45 & TN
& AT} ol FolA gk

oA volo} H5F 244 eholols] YT

' =4YREst WY

7k ke BT
o) T g%l TAE Yt

1928'd 77t uol] F L
olo] A& MASE natural equilibrium contour
71l AANHUL?  EAwt, FIEH AFEXL
7} A g Aloke g3, Fiobase d
E ddRe AA ofd EAME FAT
1970 o] o2 d FAHFE weHEly] 1% RCOT
9} TCOTS}F #-& nonequilibrium contour?] 3 ] A
ZNHAA T, HAAA o]go] EAEA Fgk,
A7 AAAY AE3} Ny JERTESD

metA o] Ao M 34 F(aspiration level)
o] A WS AAF 3 ojHFT A
& B3I, STOM(satisficing trade-off method)S
Hgste] 2AFAR A FEE AT Eolof
€y JHHAE AA G

Al



2R3 W74

)

2. Etolo] &4k FHLA

2.1 Efo[o] ZEMA A5}

oM = AFst Rl 2AHAFA Elololg] uf
TR 34E Askel golol Atame 2=
2Esh wPA $ze At aTEd
delx o) ¥ %L golo] HuRe slrtx
A ol &Fth waka T 2 4;\41—._0_ A} A] 7]
7] 9% AA99E Fig. 10949 Zo] WEINF
A pR)NA Fol HEFE Fe@¥)Ae
ool ZWyg dAddezr AYPY. 2Pz
71 el Ax g At ALY dejyg A
d AR, - - -, RYE THET Zo] AW
= Bolahgrh.

X={R, - - -, Ra}” O

047]7\‘] Fig. 1014} Zo| Zzt AW “’Fi AbgE
Age 5140 I5% Ryt g g
olo]8]. ZHYAFL thghy  FAL7]H(polynomial
interpolation)ell ]38} olejje} o] AWM ¢
8 EdsHSh

RO ﬁ;R P ol)=

i E‘thsh:} ZARA

of s ZW )

averaged) A=A HEE

T4 FEe AL WPIEAA B
‘ % =

0,

E : H
sqgez BT, oI 5
WY FEE A8 2ARS
g8 & god, 4 (AAY ol o

-

d ﬁ](multl objective optimization)d & ¢ "F 9;1‘:}.

| RXO=F{ACX),.

fr( X), (3)
fr+1( X) ‘

fr+s( X)}

7N, f(XE 2 229 BHFSREE v
g e se A7 244 g4 e 494
22 S9 W74 PAe A9 AW ax 5B
vebe,

B4 AW volo} FHAY AH A 1637

@ olsments for tension| '/', y :
.. | @ etement for strain 7 L \&
. energy' [y
o : o 1y '
. =

Flg 1 Model for sidewall contour optlmlzatlon

0

I

l)«

et} o] AFeME MAAGGN F 7
Zolot AAWSe wAwsE T

2 gojo] o] AzAe] EAZ wEAY EJr
oloj e 37|17 YR IAAY ZA WA FEE
37 isidoltt. WA AN F 7}9}*
7o) xﬂﬂzae &3} 2k N

GAgoz, Holol ARUAAY FEED
]_
o)A

>,\l

gl( X)= E\/(xm x) (v —¥)*
—(1+0)L0s0 V

6 X (-0, ‘ (5)
‘ k:l\/ (x1+1 x) +(yz+l y)

A714 99 ME AAAGNY FAs do]
EH Wa B4z AAGGW s a}ou,]
A 8 UL, (x;,9)E 7}7}A 2l
H4 £ Jr}ia Yetdck, a2 LO‘-:— 571
Etojof o] shzks Felg ehdch R

Lo=g‘\f(x%rx?)u(y?my?)Z L ©

G AANGY WY FEEAE BT Bt

gir( X)=RI—R<0,i=1,LN . ()
gi+nal X)‘—'Ri—R?SO,i=1.N 1 ®

74, BRI RVE Aha wAe Az A4
S 47ke v e @ 4 (1)@l
dl 244 J7A FAE A% OEH HH4
A BAE okl 2ol TR+ A%



1638 229 - 484

Minimize F(X) ’ (10)
Subject to g, ( X)<0,7=1,...,2(N+1) 1D

2.2 Satisficing Trade-off Method(STOM)
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Table 1 Simulation data
Simulation Parameters Value
Number of design variables, N 5
Relative tolerance of carcass arc length, 01
9 .
Relative tolerance of design variable, 5.08mm
Convergence ratio, €,, &g 0.001, 0.01
Initial Lagrange mulitiplier, A? 0
Initial penalty paramter, 7/2 1
Inflation pressure, p; 207kPa
Friction coefficient, 0
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Table 2 Selection of the first aspiration level and: optimization results at the first iteration - ‘
: . strain . j‘ ‘
- Element-averaged carcass tens1on(N) energy |
Element No. 30(f)) 40(f) S51(f)  59(fs)  65(fs) Ti(fs) 75(f)  80(fx)  93(fs). 303(fig)
Ideal level 10.08 907 1030  8.66 732 . 8.06 9.35 9.92 9.62 0364
Initial level 5.88 424 5.47 5.81 9.05 1251 12,60 1240 1147 0453 ;
Asp: level 1 6.86 5.49 6.64 6.06 881 1213 11.90 1178 1098 - 0.403!
Optihlum 1 7.79 6.46 731 5.26 9.10 12.70 - 1293 1231 1139 0418
Indicator 1 0711 0.729 0.814 1310 1.194 1.143 “1:.40‘5 1284 1.302 1401
Decision 1 I I I R A A R 1 10
Table 3 Selection of the second aspiration ‘level and optirization results at the second iteration
. strain -
. . Element-averaged carcass tension(N) energy: |
Element No. 30(f)) 40(f) S1(f3)  59(f) 65(fs) T1(fs) © 75(f))  80(fy)  93(fy)' 303(fw) -
Ideal level 1008 9.07 1030 866 732 8.06 9.35 9.92 9.62 0364
Opiﬁmml 7.79 6.46 7.31 5.26 9.10 1270 1293 1231 1139 | 0418
Asp. level 2 1.79 6.46 731 5.26 8.81 1213 1293 1277 1098 0403
Optiinum 2 7.82 6.41 7.16 5.27 881 1270 1299 1222 1132 ' 0413 -
Indicator 2 0987 1.021 1.052 0997 1000 1141 1019 1236 1250 ' 1252 °
Decision 2 I I R R A R R I I R
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Table 4 Selection of the third aspiration level and optimization results at the third iteration

‘ -Element-averaged carcass tension(N) es;‘r;igny
Element No. 30(f) 40(f)) S51(fs)  59(f))  65(fs) TI(fe) 75(f)  80(fy)  93(fs) 303(fio)
Ideat level 10.08 9.07 1030 866 732 8.06 935 9.92 9.62 0364
Opimum 2 7.82 6.41 7.16 527 8.81 1270 1299 1222 1132 0413
Asp. level 3 7.82 6.46 7.16 5.26 881 1270 1299 11.78 1098 0413
Optimum 3 8.04 6.48 7.03 5.17 848 12,67 1298 11.85 11.04 0414
Indicator 3 0902 0994 1.042 1.026 0780 0995 0997 1.039 1.044 1.029
Decision 3 I I R A I A A I I A
Table 5 Selection of the fourth aspiration level and optimization results at the fourth iteration
‘ .Element-averaged carcass tension(N) esrfrea;g/
Element No. 30(f;) 40(f) 51(f3) 59(fy)  65(fs)  T1(fs) 75(F)  80(fs)  93(fo) 303(fig)
Ideal level 10.08 9.07 1030 8.66 7.32 8.06 9.35 9.92 9.62  0.364
Opimum 3 8.04 6.48 7.03 5.17 848 12,67 1298 1185 11.04 0414
Asp. level 4 8.04 6.48 7.03 5.26 848 1270 1299 11.78 1098 0412
Optimum 4 8.06 6.49 7.02 5.16 846 12,67 1298 11.84 11.03 0414
Indicator 4 0993 0997 1.001 1.028 0982 0994 0.997 1.028 1.032 1.032
Decision 4 A A A A A A A A A A
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