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Abstract — Most automobile tire companies have not yet considered the geometric information of a road at the
design stage of a tire because the topographical characterization of a road surface is very difficult owing to its
vastness and randomness. A road surface shows variable surface roughness values according to magnification,
and thus, the contact force between the road and tire significantly fluctuates with respect to the scale. In this
study, we make an attempt to define a representative value for surface topographical information at multi-scale
levels. To represent surface topography, we use a statistical method called power spectral density (PSD). We use
the fast Fourier transform (FFT) and PSD to analyze the height profiles of a random surface. The FFT and PSD
of a surface help in obtaining a fractal dimension, which is a representative value of surface topography at all
length scales. We develop three surfaces with different fractal dimensions. We use finite element analysis (FEA)
to observe the contact forces between a tire and the road surfaces with three different fractal dimensions. The
results from FEA reveal that an increase in the fractal dimension decreases the contact length between the tire
and road surfaces. On the contrary, the average contact force increases. This result indicates that designing and
manufacturing a tire considering the fractal dimension of a road makes safe driving possible, owing to the
improvement in service life and braking performance of the tire.
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Nomenclature : Contact Length (m) (§&40])
o; : Standard Deviation at Contact Force
Ds : Fractal Dimension F.q: Average Contact Force
W, : Long distance wave vector ¢ : Magnification Gt} wil&)

W : Short distance wave vector
/i : Frequency at long distance wave vector .M 2
fs : Frequency at short distance wave vector
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As : Amplitude at short distance wave vector s Wl hel B \_:rL7} O]—rC’V% ot o33
QuistElo] WolsolA 3 P A e EAla)

'?Corresponding author : isung@hnu.kr 2] k3 9ok Al 75kEE EAL JeE= 1HEA

ISSN 1229-4845(Print)-2287-4666(Online)
http://Journal kstle.or.kr

Tel: +82-42-639-8316, Fax: +82-42-629-8293 A7)0 e LS AT Foll= o el xHol

303



304

A F 7] Wi T

B3Hom @Eo}oq FHe] E—*é% o ﬁﬁé}l %E‘Jr,
olmiAE o}F FFEshE WRlo] B

w2} Fho] IA| W] Wi xRS txsies WY
o] HX] Z3i}.

B AolMs ket 2A| M ] AR 54
e 5 U= oiEs Z”@Pﬂ el A-ek W8-S

AAskaLat gt ol @%ﬂﬂ < fABH Hole =

Hell theix = Bojo]o] AlEE% Ol Wslsh= Aol et

sl B89 & ﬂl*]«l Aol EsisiTt.
Fig. 1= 2202 7% =9 dfolt}. of7]A]

(= g wigelm, (7h 191 A, AAl el w8

mlo

HEAY F e =1 IS et AR =1
T S 108, 100 StefskE (7 1 wfe] =
o] ool F3ke] WHEHI e AE FRIF & Sk
o] gt UG UWAO R fractal surface® T2 02
geld 5 At

Fig. 2& ﬁﬂ] Higol| wE ofe EXE vEhiH, ¢
7F 19 735 b

Folle ® AA7E AT S 2 e

%0

P(c.10)

P(c.100)

L~

Fig. 2. Distributed load by magnification [1, 3].
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Table 1. The height profiles of the roads used in this
study

A (u2) 1000
fi Hz) 125
A m 92.10
Fixed Variables st (um)

Js2 (Hz) 1200
Sz (Hz) 2550
fss (Hz) 3125
Sample. 1 Asy (um) 18.10
Dy 2.00 Ass (um) 12.62
Sample. 2 Asy (um) 21.51
Dy2.25 Ass (um) 16.29
Sample. 3 As> (um) 27.50
Dy 2.50 Ass (um) 20.10
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Fig. 4. Power spectra of the road surfaces.

Table 2. Slopes and fractal dimensions of the surfaces
Slope -4 -3.5 -3
Dy 2.00 225 2.50
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Table 3. The data shown in Figs. 6~8

Le (mm)  Fi (N) o
D; 2.00 17.2629 0.6078 0.4419
D; 2.25 16.8716 0.6230 0.4664
D; 2.50 16.3688 0.6430 0.5080
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Table 4. The data shown in Figs. 9~11

Ar = 0.5 mm
Le (mm) Fue (N) o
Dy 2.00 18.6686 0.5624 0.3707
Dy 225 18.1793 0.5783 0.4003
D, 2.50 17.567 0.6002 0.4434
A, = 1.5 mm
Le (mm) Fue (N) o
D, 2.00 16.5504 0.6340 0.4993
D, 225 16.3206 0.6438 0.5243
D, 2.50 16.0717 0.6543 0.5543
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Table 5. The data shown in Figs. 12~14

fi=85Hz
Lc (mm) Fig (N) o
D, 2.00 18.0981 0.5793 0.4126
D, 225 17.4952 0.6008 0.4406
D, 2.50 16.5753 0.6352 0.4819
£=165 Hz
Lc (mm) Fuy (N) o
Dy 2.00 16.8406 0.6207 0.4802
D, 225 16.3898 0.6381 0.5047
D, 2.50 15.8408 0.66 0.5438
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