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ABSTRACT : The friction characteristics of natural rubber plates under various conditions including sliding
speed, normal force, hardness, lubrication conditions and thickness of plate are analyzed experimentally.
The frictional force and normal force are measured by a tester pin and a load cell with strain gages.
Experimental results suggest that the coefficient of friction decreases with increasing the hardness of rubber
and decreasing the thickness of plate. The effect of sliding speed is not significant over the speed range
employed. The coefficient of friction is found to be about 0.1 under oil lubrication condition and varies
from 0.9 to 3.9 under no lubrication condition.
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Figure 1. Photograph of the rubber friction tester.
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Figure 2. The shape of tester pin and rubber plate.
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Figure 3. Schematic diagram of sensors for measurement
of frictional and normal forces.
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Table 1. Bending Stress and Strain of Tester Pin

Frictional Force (N) Bend(l]\r;[gpas)tress Strain ( pe)
10 15.2 217
20 304 434
30 45.6 651
40 60.8 868
50 759 1085
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1 Table 2. Stress and Strain of Circular Plate
69-f(ag—uo,) o))
Stress(Mpa) Strain( 10 °

Load(N) | Radius(m) i rain(10 )
Al o 7lo]|nF3koe = o Oy ] &r &g
@A g2 Zoltgke] WEEOIH, & ¥ 0003 Tsc S5 — %5
TR WP gl B AR @AM, 5 0.015 007 | 166 | -68 | 235
LU EARS] BAFA 70 GPag AME-SHITH 0025 | -156 | o004 | 224 | 79
Fig. 4= 99 347 55 Yz ok 0.005 712 | 1031 53.0 | 113.8

10 0.015 0.14 3.33 -13.7 47.0

0.025 -3.11 0.09 -44.8 15.9

0.005 10.67 15.47 79.5 170.7

15 0.015 0.20 5.00 -20.6 70.5

0.025 -4.67 0.13 -67.2 239

0.005 14.23 | 20.63 106.0 | 227.6

20 0.015 0.27 6.67 -27.5 94.0

0.025 -6.22 0.18 -89.7 31.9
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Figure 4. Dimensions and shape of circular plate.
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Figure 7. Block diagram of the friction tester for signal
processing.
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Table 3. Output Voltage of Sensor for Various Load Step

Load(N)

Sensors
5 10 15 20 15 10 5

Tester Pin {0.51| 1.01 | 1.50 | 2.02 } 1.50 } 1.01 | 0.51

Circular plate |0.51| 1.00 | 1.51 | 2.00 | 1.50 | 1.00 | 0.51

Friction force

Normal force

(¢) Circular plate

Figure 8. The attachment position and direction of strain gage.
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Figure 9. The calibration result for various load steps
of tester pin.
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Table 4. The Types and Characteristics of Oil and Grease

Type Manufacturing Co. (Model No.)
Oil Mobil Korea Lube Oil (DTE-25)

Mobil Asia-Pacific Pte. Ltd.(Mobiltac 81.)
Grease - NLGI Grade 2
- Droping Point 260° / 1kg

Acceleration Domain Equ. Velocity Domain
Measuring Domnain(10sec)
i
1]
0O 10 20 30 4 5 60 70 8 90 100 110
Time(sec)

Figure 11. Measuring time history for the friction test
of rubber specimen.
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Figure 13. Frictional coefficients for various normal
force and hardness under oil lubrication.
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