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Wheel/Rail Adhesion for Improvement
of Braking Performance

Gyu-Chan Jun, Dong-Hwan Hwang and Dae-Eun Kim*

Graduate School, Department of Mechanical Engineering, Yonsei University
*Department of Mechanical Engineering, Yonsei University

Abstract—The adhesion between wheel and rail plays an important role in the braking performance
of trains. Though there have been numerous studies on the characteristics of adhesion phenomenon,
a general understanding from the physical point of view is still lacking. In this work, the adhesion
mechanism between wheel and rail was investigated by studying the mechanisms of pure rolling and
sliding experiments. Tests were performed under various conditions to determine the physical
phenomenon responsible for adhesion between wheel and rail. The results of this study is expected
to aid in improving the braking performance of trains.

Key words—wheel/rail adhesion, stick, slip, friction coefficient, adhesion coefficient.
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Fig. 1. Definition of adhesion coefficient (F: Adhesion
forve, P: Normal load, Adhesion coefficient=F/P [4]).
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Fig. 2. Shear stress in contact area [5].
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Table 1. Chemical composition of 60 kg rail specimen

C Si Mn P S

0.63~0.75 0.15~0.30  0.70~1.10 ~0.03  0.025

Fig. 3. Rolling plate.
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Fig. 4. Friction coefficient with respect to the contact
conditions (Dry, Wet, Lubricated).
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Table 2. Adhesion confficients with respect to the con-
tact conditions [2] (Normal load 110 kN)

Slip ration Adhesion

Contact condition ..
(%) coefficient

Clean dry rail with sand sprayed 2.9 0.62
Dry rail cleaned of oil 3 0.52
Dry and clean rail 3 0.49
Wet rail with sand 2 0.45
Rail with water 4 0.25
Rail with thin film of grease 15 0.17

Table 3. Adhesion coefficient respect to the contact con-
ditions [6]

Contact condition Slip ratio (%) Adhéspn
coefficient
Sanding on oily surface 1.4 0.56
Water 0.3 0.25
Oil on sanded surface 0.2 0.17
Diesel Fuel L.5 0.06
Oil 35 0.04

Table 4. Adhesion coefficient respect to the contact
conditions [5] (experiment conducted on railway train)

Contact condition Adhesion coefficient

Dry rail
Wet rail
Light snow on rail

Wet leaves on rail
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Table 5. Comparison of adhesion coefficient with fric-
tion coefficient

Contact Adhesion coefficient Friction coefficient
condition (ref [2,6)) (experiment)
Dry 0.49-0.52 0.58
Wet about 0.25 0.43
Oil lubricated 0.17 (grease) 0.11 (lubricant)
0.04 (oil)
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