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In this study, the contact and the slip region of rubber under sliding and rolling friction were
investigated.

The coefficients of friction on the rubber surfaces having abrasion patterns, which were abraded by
abrasive cloth were examined. The effects of sliding direction and the spacing of the abrasion patterns
on the coefficients of friction were investigated. From the experiments, the variations of the coefficients
of friction were explained by the variation of contact area. The coefficients of friction on the abrasion
patterns were examined with same direction of abrasion by abrasive cloth and the counter direction of
abrasion. The coefficients of friction on the abrasion patterns in a direction of abrasion were from
twenty-five to fifty percents larger than those rubbed in a counter direction of abrasion. When the
abrasion patterns were rubbed in a direction of abrasion, the coefficients of friction increased because
of the increment of apparent applied load by friction force. The coefficients of friction decreased
when the spacing of abrasion ﬁatterns and applied load increased.

Rolling-sliding friction was investigated for three SBR (styrene-butadiene rubber) specimens
including silica-filled, HAF carbon black-filled, and SAF carbon black-filled SBR. When a rubber
wheel was rolled against a glass disk, the coefficient of friction varied with the slip ratios. The coefficient
of friction for the silica-filled SBR showed the highest value of the rubber specimens examined under
various slip ratios. The contact areas of silica-filled SBR .were larger than those of the carbon black-
filled SBRs, as indicated the modulus of the silica-filled SBR showing the lowest value. The contact
area during rolling-sliding friction was always smaller than those during the static contact. The friction
force at the unit contact area for the silica-filled SBR under braking and driving was higher than those
of carbon black-filled SBRs.
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Fig. 1 Sliding direction of abrasion patterns:
C.D.A. (counter direction of abrasion)
D.A. (direction of abrasion)
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Fig. 2 The coefficients of friction under
various applied loads W are plotted against
sliding distance on the rubber surfaces
abraded by abrasive cloth AA#240 under
loads W, of 0.98N and 1.96N.: c.c.w.:
Counter clockwise. c.w.: Clockwise.
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Fig.4 Rigid rod model of the
abrasion patterns.
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Fig. 3 The coefficients of friction are
plotted against applied load. Calculated
curves by equations (1) and (2) are also
depicted on the figures. Rubber
specimens were previously abraded by
abrasive cloth AA#240 under some loads.
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Fig. 5 Relationships between the real
contact area and applied load for rubber
specimens which were previously
abraded by abrasive cloth AA#240 under
some loads.
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Table 1 Compound formulation of rubber specimens (phr). -1 . _0"5 2 o= t 0'.5 3
_ Slip ratio sp § Slip ratio sg
Specimen SBR-silica| SBR-HAF | SBR-SAF K
SBR1502 100 100 100 8
Silica 50 s
Carbon black HAF 50 £
Carbonblack SAF 50 a
Si-69 4 N
DEGD 2.7 Fig. 6 Relationships between the braking and
ZnO 3 driving force coefficients and slip raio.
Stearic acid 1 1 1
Antioxidant(?) 1 1 1 Table 2 Mechanical properties of rubber speciimens.
Process oil 15 15 15
TBBS®) 1 1 1 Specimen SBR-silica | SBR-HAF | SBR-SAF
DPGH) 0.5 Mo (MPa) 2.0 25 23
Sulfur 2 2 2 Mj3gg (MPa) 84 11.8 9.9
Total(phr) 180.2 173 173 Tg (MPa) 20.1 229 25.6
. Eq (% 528 515 583
(1)DEG : Diethylene glycol ngslr:: ss JIS(A) 61 61 62
(2)Antioxidant : N-Phenyl-N'-(1,3-dimethylbuthyl)-p- 5 0.2
phenylenediamine ta'n 0.187 .265 0.320
(3)TBBS : N-tert-Buthyl-2-benzothiazy! sulfeneamide E' (MPa) 6.53 6.87 8.14
(4DPG : 1.3-Dipheny! guanidine E" (MPa) 1.22 1.82 2.60
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driving coefficients and slip ratio(g—s curve)
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coefficients are also plotted against the
relative speed of the glass disk and the rubber
wheel (u-v curves, sg=1I or sp=~1).
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Fig. 8 Contact areas in the u-s experiment for

the SBR-silica.
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