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ABSTRACT

Ride comfort is one of the major factors in evaluating the performance of the vehicle. Tire is

closely related to the ride comfort of the vehicle as the only parts in contact with the road surface

directly. Vertical stiffness which is one of the parameters to evaluate the tire performance is great

influence on the ride comfort. In general,

the lower the vertical stiffness,

the ride comfort is

improved. Research for improving the ride comfort has been mainly carried out by optimizing the

shape of the pneumatic tire. However, demand for safety of the vehicle has been increased recently

such as a run-flat tire which is effective in safety improvement. But a run-flat tire have trouble in

practical use because of poor ride comfort than general tire. Therefore, In this paper, the research

was carried out for improving the ride comfort through the optimization of the SIR shape inside a

run-flat tire. Meta-model was generated by using the design of experiment and it was able to reduce

the time for the finite element analysis of optimization. In addition, Shape optimization for improv-

ing the ride comfort was performed by using the genetic algorithm which is one of the global opti-

mization techniques.

.M =

Eololt= AEA A 4 F8

U s Adon gEs §U8 PEol,
wro 2R W 4% A% b 2 o

o 714 2
& won] o} SAkd, Al 2 9P A
Aol s FlA Eololt

] wel

N

*  Corresponding Author ; Member, School of Mechanical Engineering,
Kyungpook National University
E-mail : nckang@knu.ac.kr
Tel :+82-53-950-7545, Fax :+82-53-950-6550

*  Member, School of Mechanical Engineering, Kyungpook National
University

FRE oA ST AW F719
ol g Aol LA Auel 24
= =
o

Al Epojofel] A7 BAY3HA H

=)
r_>.i

% Recommended by Editor Don Chool Lee
(©) The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 25(4) : 247~254, 2015 | 247



Jaehyeong Choi et al.; Run-flat Tire Optimization Using Response Surface Method and Genetic Algorithm

b HAY TheAds TR ik whebd dnkEgl
3714 Elolofe] A9 Ao dinlsA] 2ol ofju]
Efo]ol7} Qlojok &b ofel whE xpke] FA| F7F
2 Q& Anldl s FA Hrtk 371 Elojofe]
A Bekslr] flsf ole] 7hA] Wekso] ke %l
] HZol Blolo] Wj§-o] Ape]=dol] B FE
A8k 7] A AW (self support reinforcement)S-
23 P1ZA Eloloj(run flat tire)7} T2 AFEH

[o

ot roh O

o
Q.

> oz o @

9

Elo]o]= 19921 FEo]
EfoJo] U] 7]t

P
Apl=g s BAS dEA
ofdl o3 FHx o
o] glelgt® Al 2
ALk A=A o] YRol= Fast dA & A
Efojof7} HA|A] e sk AstaFrh Alej=¢
SIR®]E} 3l &Awk SIRe 3
o 427 (vertical stift-
Z#fjste] AWk Efojo]
Fe wbA Sapglo] AstE =
SIRel| &Jg+ A
Bl AE-H
<t

AR

Y

Axkel 971 ol w
o] F7b=aL ek

Efojole] A3} A=
Efoloje] F8 g% S A
Atk FE Ank golojo] A HA sy
stom FQ8 FEE FoA EdS(tread)} HIE
(bead) == Tl (carcass) 52 4 HA 3 +
2 AFEA 2840 W8S A7) SlE
Efojolo] Jh7k2A o] = Y FEof Wl
A BXE STOM(satisficing trade-off method) S
148 A7 FFEJTY. mtRgs 2 WA
Fde s HAA(fuzzy) ol st dads
(evolutionary algorithm)S- Efo]ofol] X3k <3t
A P9} fH 2} 2Fare]E(genetic algorithm)S o] &
3 Elojo} AT HAsE 3T AFE] A
gt =g HAZE g vE Ed(meta
model)s ©]&3% Elolojo] ZARY o] &g Ank
Elolojo] g4 HHsr} Asa YA
T8 e AZY golod g dFE Bol oF
o]z A & 9lom Ho] ANN(artificial neu-

olgslel BAYFE THE F

- 2

o
b

o

=
ey

ral network)S

248 | Trans. Korean Soc. Noise Vib. Eng., 25(4) : 247~254, 2015

MOGA(multi objective genetic algorithm)S-
AEY volole] F¥ AAFE £HAG,

[€] T
o SIRe] A HAsE T FAAAEE Hanl]
71 f1F Qe Asklth AdAFES ol8d
ARDE st A3 mEdl Bad At
AEE Fon IR fdAh dales §
al SIR®] G HA3kES TS

N
4>
Pl
%
1%

2
=
o
o
9

| 717k, ME(belt) 5
T Rdojrh. 1
ek gedo] EAsA o] A

1% H(groove)E A&
ol gatgith fakas Aol AL A
S ABAQUS/Standardo]™ A7 &4
Efoloje] 422 AAE F

I

=
T 84 2e

it
tlo
Ql_g
ol
ol

[

fm
o
O Mo 2 1

J

H

I
=)

e N
0¥ o f{o
N

o5

ool

f b
M
r

e

=1l

b oft oo ko 2z oM 4T rlo ¥R o lo &
oX >

o p® 24 [k B e o o

tlo o

2
ofo

ol
-

4e ga B71%e] Bgoz Qg MIH ololg
e TR 249 ANe T oz A9y

K

M 3 gAR TS A&s] el Hiim)S E
o]of o] H]=(bead)}-o H=

e S W] P PSS s 9AR 22
kgflem’e] &7]9S Efo

2
=
-
=
=
we o
ol
Ol
=
2]
o
o}



Jaehyeong Choi et al.;

Run-flat Tire Optimization Using Response Surface Method and Genetic Algorithm

No ABAQUS 3l
i

etz 4y

Yes
GAS 0|25
Bk

Fig. 1 Flowchart of the optimization process
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Table 1 Design variable range of SIR

Ly L, L; Ly

Levels 3 3 3 2
Lower(mm) 93.62 102.59 100.72 97.57
Upper(mm) 95.08 107.30 105.35 97.86

Force

Fig.2 3D tire contact model with rigid road surface
and applied force
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Fig. 3 Applied forces with respect to tire deflections
and the definition of tire vertical stiffness
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Fig. 4 Design variable for optimum shape on SIR
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Table 2 Orthogonal array used in the optimization

Experiment L L, Ls Ly
1 1 1 1 1
2 1 2 2 1
3 1 3 3 1
4 2 1 1 1
5 2 2 2 1
6 2 3 3 1
7 3 1 2 1
8 3 2 3 1
9 3 3 1 1
10 1 1 3 2
11 1 2 1 2
12 1 3 2 2
13 2 1 2 2
14 2 2 3 2
15 2 3 1 2
16 3 1 3 2
17 3 1 2
18 3 3 2 2
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Fig. 5 Comparison of vertical stiffness between initial
and optimum design
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Table 3 Vertical stiffness of initial and final results

Ly L Ls Ly Ky
(mm) (mm) (mm) (mm) | (N/mm)
Initial 93.91 | 104.68 | 102.78 | 97.72 | 242.06
Optimum | 95.08 | 107.30 | 105.35 | 97.57 | 231.89

(b) Optimum model

Fig. 6 Comparison of deformed shape at zero pres-
sure between initial and optimum design of
run-flat tire models
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