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Abstract: Using the MJP-30A rolling wear and contact fatigue test rig, the optimum coating amounts of two kinds of
water-based friction modifiers (FM1 and FM2) were studied. The effects of FM1 and FM2 on wear and damage of
wheel and rail under the optimum coating amount were analyzed. The results showed that the optimum coating amounts
of FM1 and FM2 were 14 pl and 8 pl, respectively. The wear rates of wheel/rail specimens with the presence of FM1
medium were only 23% and 41% of those in dry condition. The wear rate of wheel specimen with the presence of FM2
medium was slightly higher than that in dry condition, and the wear rate of rail specimen was 64% of that in dry
condition. Under the dry condition or with the presence of FM2 medium, peeling, spalling and obvious fatigue cracks
appeared on the wheel and rail surfaces. On the cross sections of wheel and rail specimens, multi-layer cracks, branch

cracks and subsurface cracks appeared. With the presence of the FM1 medium, the wheel and rail specimens were
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damaged slightly. The slight peeling and pitting appeared on the surface and a small number of single-layer micro cracks

appeared on the cross sections. FM1 could effectively reduce the wear and damage of wheel and rail.
Key words: water-based friction modifier; wheel and rail materials; adhesion coefficient; wear; damage
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Fig. 1 (a) MJP-30A rolling wear and contact fatigue test rig; (b) sampling position and size of wheel/rail specimens
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Table 1 Compositions of water-based FMs (w)

FM Water Retention agent Rheology modifier Solid particles Antifreeze Surfactant
FM1 45% 8% 14% 10% 12% 11%
FM2 55% 6% 8% 10% 12% 9%

®2 KEFMOEIRKR
Table 2 Layering of water-based FMs

Standing time 5 days 10 days 20 days 30 days
FM1 No layering No layering No layering Slight layering
FM2 No layering No layering Slight layering Obvious layering and sedimentation
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(a) FM1

(b) FM2

Fig. 2 Images of FMs coated on rail samples
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Fig. 3 Adhesion coefficients between wheel and rail under different dropping amounts of two FMs
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