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A Study on the Formation and the Loss of the Protective Layer
in the Sliding Surface According to the Lubricating Conditions

Young-Ze Lee
Department of Mechanical Design Hong Ik University

Abstract—The mechanism of failure of lubricated surfaces at high sliding speeds was investigated.
Experiments were performed with the ball-on-flat and cylinder-on-flat geometries, using lubricants
of four different chemical reactivities. Surface failure was found to not be predictable using the
ratio, A, of fluid film thickness to composite surface roughness except when chemically inert lubri-
cants are used. Even then the influence of temperature rise on fluid film thickness does not
adequately explain the low load carrying capacity of lubricants at high sliding speeds, which causes
surface failure. The protective layers on sliding surfaces that form by chemical reaction with the
lubricant were found to reduce the surface roughening and increase the load carrying capacity
of surfaces to values of A as low as 0.03. Neither the surface roughening nor the formation of
the protective layers have been incorporated into failure models for lubricated systems.
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Fig. 4. Changes of surface roughness depending on the
initial surface roughness (test group I) with mineral
oil (#3) and cylinder on soft 8 Rc disk.
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Fig. 5. Changes of coefficient of friction and surface
roughness with 3 lubricants (test group IT) with a cylin-
der on a disk of 8 Rc and smooth initial surface rough-
ness.
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Table 2. Data for Figure 6, Group III

a) Test series a, ball-on-flat with mineral oil in air c) Test series ¢, cylinder-on-flat with vacuum pump

(#3). oil under nitrogen atmosphere (¥ 1).
0.06 m/sec 0.18 m/sec 0.48 m/sec 1.02 m/sec 0.06 m/sec 0.18 m/sec 048 m/sec 1.02 m/sec

1400N * 6237 9012 9123 9712 1400N f 1115 1137 8463 9657
CR** 4270 .3970 .3620 3270 CR 4230 3700 .2900 .2990
wr*** 50000 53600 6.1000 6.8200 wr .3400 3700 1.9000  4.2000
1240N f 1344 4293 5151 .5983 1240N f .1168 1069 5771 .8973
CR 4850 4570 4270 .3920 CR 4200 .3660 .3810 .3640
wr 9200 45000 6.1600 6.5000 wr 2700 2900 1.4900  1.8000
1000N f 1293 2176 3045 .3899 1000N f 1163 1075 4124 .5160
CR 4880 4680 4820 4770 CR .3840 .3960 .3890 .3690
wr 5500 3.2800 5.6900 5.1500 wr .1300 .1900 1.2400 1.8000
760N f 1278 1127 2723 3017 760N f 1165 1137 0942 2246
CR 4030 4120 3970 .3860 CR 4240 4910 .7970 4560
wr .1000 5500 2.1900  3.5600 wr 0250 1200 .2400 9800
520N f 1365 1294 1132 2952 520N f .1193 .1075 .0913 0994
CR 6270 9370 4760 4020 CR 4340 7480  4.7020 4020
wr .1000 .2000 4500 15000 wr 0150 0150 0250 1200
360N f 1342 1276 1101 0931 360N f 1205 1124 0998 0917
CR 8200 1.2900 5.8300 1.2200 CR 4970 9070  9.8390 125770
wr .2000 .2000 .2000 4500 wr 0100 20050 .0050 20050
200N f 1322 1228 .1080 .0845 200N f 1201 .1098 1010 0921
CR 10700 23200 127100 31.8200 CR 5140  1.7140 155460 37.3120
wr .2000 .2000 .2000 .2000 wr .0050 0050 0050 0050

*Coefficient of friction which was averaged for two
**Contact ratio-Q), which was averaged for two minutes.
***Wear rate-1.0 e *mm’/Nm

b) Test series b, ball-on-flat with vacuum pump oil d) Test series d, cylinder-on-flat with mineral oil in

under nitrogen atmosphere (# 1). air (#3).
0.06 m/sec 0.18 m/sec 048 m/sec 1.02 m/sec 0.06 m/sec 0.18 m/sec 0.48 m/sec 1.02 m/sec
1000N f 4710 6471 8127 9118 1400N f 1278 1147 .1080 1059
CR 3240 .3020 2810 .2940 CR 4020 4130 4230 4170
wr 10.9000 9.7000 89000 13.2000 wr 6000  2.8000 3.5000  3.5000
760N f 2510 3311 .5290 7217 1240N f 1260 1123 .1082 1120
CR 4110 .3910 3870 3810 CR 4370 6230 4710 4620
wr 3.7000 7.8000 6.3000 8.5000 wr 6000 29000 3.1000 3.7000
520N f 1331 .1536 3614 4129 1000N f 1344 1231 1207 1194
CR 4930 4070 3920 3870 CR 4970 1.2710 4.2370 9810
wr 2500 39000 6.3000 8.5000 wr .9000 4000 3000  2.9000
360N f 1187 1149 .2020 1890 760N f 1268 1284 1219 1298
CR 4630 4370 4020 .3980 CR 6100 2.3900 6.9080 13.0490
wr 2300 .1900 29000 34000 wr .1000 .1000 0800 0800
200N f 1139 1143 .1057 0925 520N f 1276 1216 1173 1070
CR 9270 2.7160 6230 5270 CR 7270 7.1410 175230 25.2130
wr 0100 0100 1700 1800 wr .0500 .0500 0500 20500
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Fig. 7. Measured values of the electrical contact resistance in Group III
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of the sliding surfaces (test series ¢ and d in group
III)
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Fig. 12. Loading procedure and several variables during the progressive loading test, in group V, with cylinder-
on-flat and vacuum pump oil nitrogen (i 1)
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Fig. 13. Comparison of lubricant film thickness with the surface roughness during the progressive loading test
with cylinder-on-flat (test group IV)
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