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Investigation of Rolling Resistance and Surface Damage of Rolling Elements
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Abstract

It has been well established that resistant force and wear that occur during rolling motion
depend on several factors such as material type, hardness, subsurface microstructure, applied
load, and speed. The purpose of this work is to investigate the effect of microstructure and the
state of deformed layer on the rolling contact characteristics in dry and lubricated rolling
contacts. The results of this work show that the rolling resistance behavior depends on the state
of the deformed layer. Also, lubrication can reduce the plastic flow at the surface but may still
have an effect on the subsurface strain. The cross-sectional view of the microstructure shows that
surface traction has a difinite effect on the morphology of the surface region. That is, significant
slip seems to have taken place between the ball than those of the dry rolling case. The surface

generation effects were significantly less compared to the case of dry rolling contact.
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Table 1 Machining condition of disk specimen

Disk A Disk B Disk C
Machining direction Counter clockwise Clockwise
Cutting %‘,peed 200 10 10
(m/min)
Machining condition

Depth of cut 0.2 1.0 =1.0
| epth of cu (mmlJ
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Table 2 Experimental condition
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Temp (C) Humidity (%) Speed (rpm) Load (kgf) Number of ball
15~25 20~40 900 (99 m/min) 48 16
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Fig. 2 Rolling resistance of SM45C with respect to
contact cycles without lubrication
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Table 3 Change of material properties of disk A, B, C without lubrication

Disk A | Disk B Disk C
Hardness ; Initial state 7 230) 290 319
(HV) After 2, 4 10° cycles 360 385 387
Hardness Initial state - 0.03 0. 05 0. 04
(HV) | After 2, 4 X 107 cycles 0. 99 1.21 1.05

Cutting direction - ing direction =

(a) Before experiment (h) Alter 2. 4% 10° cycles

Fig. 3 Optical micrographs of microstructure of disk A

f Cutting direction =

Rolling direction =

(a) Before experiment (b) After 2,4 x 10° cycles

Fig. 4 Optical micrographs of microstructure of disk A
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(a) Before experiment (h) After 2, 4x10° cycles

Fig. 5 Optical micrographs of microstructure of disk A
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Fig. 6 SEM micrographs of disk A
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Fig. 7 SEM micrographs of disk B
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(b) Wear particles

Fig. 8 SEM micrographs of disk C
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Fig. 10 Optical micrograph of cross-section of disk C
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Table 4 Specification of lubricant

Lubricant A DTE24 (ISO VG46 at 40C)

Grease (NLGI NO. 2)

Lubricant B

Table 5 Change of material properties of disk A,
B, C with lubricant A

Disk A | Disk B
Hardness Initial state 230 320
(Hv) After
270 340
4.8 X10° cycles
Surface [nitial state 0.03 0.06
roughness After
: 0.021 0.03
(Ra:m) | 18x10° cycles
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