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Abstract —This study predicts the ofthe hysteretic friction of a rubber block sliding on an SMA asphalt road.
The friction of filled rubber on a rough surface is primarily determined by two elements:the viscoelasticity of
the rubber and the multi-scale perspective asperities of the road. The surface asperities of the substrate exert osil-
lating forces on the rubber surface leading to energy dissipation via the internal friction of the rubber when rubber
slides on a hard and rough substrate. This study defines the power spectra at different length scales by using a
high- resolution surface profilometer, and uses rubber and road surface samples to conduct friction tests. I con-
sider in detail the case when the substrate surface has a self affine fractal structure. The theory developed by Per-
sson is applied to describe these tests through comparison with the hysteretic friction coefficient relevant to the
energy dissipation of the viscoelastic rubber attributable to cyclic deformation. The results showed differences
in the absolute values of predicted and measured friction, but with high correlation between these values. Hence,
the friction prediction model is an appropriate tool for separating the effects of each factor. Therefore, this model
will contribute to clearer understanding of the fundamental principles of rubber friction.

Keywords —Rubber Friction (325 w}2h), Fractal Dimension (Z 2@ 2}9), Contact Mechanics (& 8},
Hysteresis (3] 2~H| 2] A]2~), Self-Affinity (A}7] ©}3}<]), Viscoelasticity (3 €H4)

Nomenclature ¢ : Angle b/w sliding direction and ¢ (rad)
D : Fractal dimension (-)

C : Power spectral density (m*) H : Hurst Exponent (-)
q : Wave vector (1/m) h : Local substrate height (m)
qo : Lower cut-off (1/m) hy : Root-mean-square roughness of a surface (m)
q: : Upper cut-oft (1/m) L : Linear system size (m)
& : Magnification (%) T, : Glass Transition Temperature (°C)
v : Poisson’s ratio (-)
v : Sliding velocity (m/s) .M 2
4 Kinematic friction coefficient (-)
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Fig. 1. A photograph of the LAT-100 friction tester.
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Fig. 3. A schematic drawing of the power spectrum of
surface roughness.
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Fig. 4. The surface roughness data of SMA asphalt. (a)
Asphalt surface image, (b) power spectrum data of
surface roughness.

o Al B £ UTAL ATHAY ol
AA =R T 54 75 ok de] S
2 59 uEERe|A 71 Bo] AHEE SMA of
PE =R olgale] nid ATE AT WAl

Fg ol g3 Ay whHo= xHe| ARG EH3
3 olE B =We] e 2HEHS 1St AF
gk el i FA4e Fig. 4(a)ell JeRNE T8k
AZS =o] Holelda BH AZY| 99 ~¥EHRS
Artet AFE Fig. 4bel FAIYT AA 199 3
A A7) #he] 2EEAM, AR EAIE] W

oA Clgyz 78 o) F3 gol thele] Baste ol
Hlolel: AS Tt

o() = m.+§”:a eXp(—i) (%a)

i=1

Vol. 30, No. 6, December, 2014



382

=== =

Fig. 5. A drawing of generalized Maxwell model.
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