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Optimization of Tire Contour by using GA and DOE
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Abstract  Today, tire performance becomes better as vehicle performance increases. Driviability, endurance,
comfortability, noise, and antiwear performance is influenced by tire contour. Tire design method is developed
by high-tech engineering technology. Among theses studies, tire performance improvement through tire contour
optimization is performed by many vehicle investigator. Therefore, in the present study, an optimum contour
design system satisfying the tire performance requirements is constructed by regression analysis and genetic
algorithm by using design of experiments.

Key Words : Contour design, Constraint methods, Design of experiments, Genetic algorithm

1. M2 & A7) Sistel aRiE Po] EdE, WEy
Ftab, HIERS] 4R R0z AR o] QITHI].

Blojol(tieys QIfelAlo] 1 Sl wEEe] st Elolo] FARe Tbharel g ung A4

2 Felw o uilel @ ARRA, SAWET She] ol AN, AR, YT, SA 22, Yot

FAs wae siAsh ARREe] Wl 2 Jlolelgl R4 B 2E AP Fagsel AHH JFL
o0 Azka} T Eolol F4e] WHslel Holole] At HEel F2d Aol

FHOIEER B 4 Al T S Al v ol ] efolel B A conou designss 27 =l

Wt} Elojo]e] 2@ 7|-2 2= 52 A A|ER= 7] (tread contour)d A} Alo]= FAK(sidewall contour)d

5 F5Y B2 A5ES mHof A= 7] o] AR WeolAH ofof oig gk At AaE otk

Aol A dslsle 7%, xFEre] BREke AslslAY 1928Wo) FptAYL FUSE QRIS i FARS A

A= V502 A LR guq NE LS A= 2719] 21913 3 A (equilibrium contour)©] A

*

WAIAA} © ZA4(sscho394@kangwon.ac kr)
H2=2l 104 109 2990 gl (12F 10311992590, 23} 109 12€ 159, 32 119 019 119) A4 119 03¢ 102

1063



S| sle e 4129 AT, 2011

s shhe] olgute] £Afah] HEd] AL
g B AR ol et Aol BaFy
3 % apadel ofeigel stk 19701l Ak
A7) eubA o g AR E T 9l vl AHE FAMY
(nonequili- brium contour)2 7}7}A9] Q1A H|=
ZolA o= i ME RN vk 57 st
ARSI L AFESL et of W
o A% of® el olzo] ZAJ}A] gkl el 47
Aol ujet 77k Aol gebAle mER HeAE A4
A7F Fagh Sl 7L /loH2.3].
o, Ajepe) Al abel ufet ehojofo] ojg a7
7} cjepsh w3 aAol LEsfEel e Eolole]
AAP ol o} T Fli g Ee] HFHoR g
5)7] ARslow, olo] dat B
o sl B colo] A5 FAS 97 AFHo| B
ure] QET YcH4-6)

CLel J1iel Fsfat o, epolo) 34 A X
A 44 WIAYlE A2} do
A AREe] Ak AT 47
297} taolw, ol Hdsha v
2 93 WeE WAk Baele

-{m

]IEO

%
B
mN

pach
o
A
o

N rlr mlo

o
>

x
2

1TH7.8].

webd QoA AAN shtel 2w
9} 37142 olgstel Eolol FAF AA Aol e
R4 HAHAZES TE417]7 John Holland[9]] I3}
A A& Alkel Aie] G0 L Aemele] Uejo] 2
A% A3} delEel FA4 BAeES olgstel &
ololo] Fa BANLS wiEsH: thEA PAHZ A
g Sasisich

o R R o
Mo 4>
N
(o] -
ox
O
ok

o]

%!

2

op

JN

2, O|EH HiE

N
d0
r
_>,|_

2n2|5([9]

1 E]EL 1970 % John Hollandoj| ,JoH
2 A7Ey] AR dueEeR Aele] 1
T Ejj(natural selection)2] ¥z]of A%k 241_4‘3'2}
Solth, fAlA ATelEL 712 HZ) galol
POl ke g HoE SAHOR oF Fop 2
Sh=tl] Wkl of 2] HE FAll
st 94 DA(global search)o]=z Q1
J3f|(global optimal solution)E ZH= &+Eo] 7]&9] 2|7
3} ol mlsl =2 Zlo] 5% '01‘3}- 53] g 4
A& vR 7Hs A 2 210] Haglen 2

% )
2
N
-

i)
o

‘

mO _|op

B
>
I‘_R

ok
E

Zi

EFX(local search)2-

il

JN o e
&

_\9

&2 2 (deterministic rule)o] ofd TEEZ HIHY
Z](probabilistic rule)o]t}.

[32! 1] Structure of a tire

2.2 MI2fAIH[10]
Tt E(Pareto) Z|ZNE A7] It AAF o] 7H
b ERgo] AlekAlHolnt. A|oFAIH-E AlQlo] 2ol &
Aol Aot 22 B GAE ARA Ygalk ohE
5479‘51% T 4= vk FHORE Qe AA 2
wol AbgElT olck

m7le] BAG4E Epehs thE HAs} 2AE 4

LS )

H.HU_I

o
By
)
il
2 o
2
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Minimize  f(X) 2)
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h(X) =0 n=1,2, -, N
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[12] 2] Design variables for tire contour

[HE 1] Bounds of design variables

Bounds (mm)
400 < R; < 1200
180 < R, < 350

30 < x; <50

Tire contour
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[22! 3] Boundary and load conditions for 2D analysis

[12! 4] Boundary and load conditions for 3D analysis
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Strain energy density f(p)
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[E 2] Las(5% Orthogonal arrays

Exp. Factors Responses
No. | Ri | Ry | xy | SH |[TW | D | T DPmin
1 1 1 1 1 1 1 | 4426 | 0.145
2 1 2 2 2 2 2 | 4144 | 0.161
3 1 3 3 3 3 3 | 39.85 | 0.203
4 1 4 4 4 4 4 13941 | 0.192
5 1 5 5 5 5 5 | 4046 | 0.139
6 2 1 2 3 4 5 | 40.26 | 0.239
7 2 2 3 4 5 1 | 4348 | 0.151
8 2 3 4 5 1 2 | 32.87 | 0.0726
9 2 4 5 1 2 3 | 44.02 | 0.0789
10 2 5 1 2 3 4 | 42.09 | 0.142
11 3 1 3 5 2 4 | 33.66 | 0.0971
12 3 2 4 1 3 5 | 44.31 | 0.0948
13 3 3 5 2 4 1 | 46.07 | 0.0864
14 3 4 1 3 5 2 | 4461 | 0.11
15 3 5 2 4 1 3 | 34.67 | 0.0659
16 4 1 4 2 5 3 | 4557 | 0.125
17 4 2 5 3 1 4 | 36.29 | 0.0492
18 4 3 1 4 2 5 | 3478 | 0.12
19 4 4 2 5 3 1 | 37.84 | 0.111
20 4 5 3 1 4 2 | 47.59 | 0.0904
21 5 1 5 4 3 2 | 3893 | 0.0951
22 5 2 1 5 4 3 | 37.80 | 0.158
23 5 3 2 1 5 4 | 4745 | 0.125
24 5 4 3 2 1 5 | 38.57 | 0.0632
25 5 5 4 3 2 1 | 40.59 | 0.0766
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[X 3] Levels of factors

Level of factor
Level

Ri R> X1 SH ™ D
1 400 180 30 57.375 70 7
2 600 | 222.5 35 62.156 75 7.5
3 800 265 40 66.938 30 8
4 1000 | 307.5 45 71.719 85 8.5
5 1200 350 50 76.5 90 9

3.5.1 HIEEX ZH&H9| 3|HEN
sAFIAE 4 GNFolE

k=4 2444 R ad_i%kt 24z} 0.9948} 0.9910]c}

T = 54.0+0.000305R;+0.00285R,+0.0201x,
-0.473SH+0.344TW-1.39D ®)

3.5.2 WEH Ztho| HIASHLX|LE szH‘I—E—’%1
3|AAE A O)(FrE 0.05)3 Zon AYAS R
2 A AAAS Rk 22 0.9033) 0.8550|T)

SED = 0.161-0.000040R;-0.000213R>
-0.00324x,-0.000143SH+0.00248TW

-0.00277D (©)
F 49} 5= SAREAE o83t 2749 BgdE
el Ao g FolgHEo] 0.0000.7 5% Jol5FoA &

[ 4] Analysis of variance for tension

Source DF SS MS F P
Regression 6 20.392| 70.065 | 423.55| 0.000
Residual |10 | 5647 | 0.165
Error
Total 24 23.038

[ 5] Analysis of variance for SED

Source DF SS MS F P
Regression | 6 | 0.01893 | 0.00315 | 18.63 | 0.000
Residual | 0| 600203 | 0.00016
Error
Total 24 | 0.0209

20039k Zovf AYAS R

T3 B 62 5828 Folgd 729 dutk AAE
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A Do et 27} 242F 0.8%2} 5.7%E Hol 5]7]4
o] Efg3tS g = Ul

[E 6] Comparison between regression and FEA

Tension SED
FEA 40.597 0.12533
results
Regression
40.272 0.11818
value
Error(%) 0.8 5.7

3.6 Ef0[0f B4to| L= X 2|xia7)
£ gl 4 AT el i) o
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72 A% dueEY wv L Bl A5

l

UERH 202 Schaffere] AgATE Edjz Avke] 3
71E 7o SiA Z42F 0.759F 0.012 ZAEFFIH 18]
[ 7] Parameter values of GA
Items Values

Population size 50
Crossover rate 0.75
Mutation rate 0.01
Maximum generation 100,000
82 HIERS HYSE Agtroz HEPEUA
Ao z‘%ﬂé A5 AUE el Aoz ABE
ol A HPFEANAALET} 7|22 G oF 23.9 % o
4 e —TLZ%# AT EFE E 9= o] wje] Efe]ojo
Zt A5 yEbd Aolch
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[3 8] Results of optimized design for tire

Tension SED
Initial value 40.597 0.12533
Optimal value 44.658 0.09543

[E 9] Results of optimized design variables by GA

R, R. xt | SH | TW | D
Initial | 57 00 | 203.00 | 4150 | 63.75 | 75.50 | 8.00
value
Optimal
100323 | 312.49 | 4048 | 61.45 | 81.23 | 7.36

value
E3 23 59 62 1 90 YERS A3 Sof Tt
fetassddas Uebd Aojch 17 594 Hole

A} o] HPBo|UR UL} 27] **ﬂl%kit} gt

AL o 47} Stk 2 62 Eloo] ZF REo||A <] 2

el Bxs yelhd Aoz 27 *é?ﬂll%kiq e ghol

Aoz Z713 A & 471 ok

[Z12! 5] Comparison between initial and optimum design

for stress energy density

Tension Distribution

z ‘—O—Inih»a\v |
» -\\ —&—Qptimized
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=20 3

15

15

2
<Bead> <Center> <Shoulder>

[Z12! 6] Comparison between initial and optimum design
for tension distribution
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