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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 fallure was found to not be predictable using the ratio.A ., of
fluid film thickness to composite surface roughness except when chemically
inert lubricants are used. Even then the influence of temperature rise on
fluld film thickness does not adequately explain the low load carrying
capacity of lubricants at high sliding speeds. which causes surface tfailure.

The protective layers on sliding surfacea 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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Figure 5. Changes of coefficient of friction and surface roughness with

3 lubricants (test group Il) with a cylinder on a disk of 8 Rc and smooth
initial surface roughness.
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Figure 6. Comparison of the transition diagrams
with immediate severity tests (test group Ill).

from IRG[7] bali-on-ring with mineral oil in air (#3)

series a. ball-on-flat with mineral oil in air (#3)

series b. ball-on-ftat with vacuum pump oil under nitrogen atmosphere {#1)

series C. cylinder-on-flat with vacuum pump oil under nitrogen atmosphere (#1)
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Surface

roughness,
Rq(um)
[
760
0.5um — E
s20 /. m g . |} Transition lines
- Surface roughness hq was 0.025um initially.
.___»
0.06 0.18 0.48 1.02 nm/sec

Sliding speed

Figure 8. Surface roughness after immediate severity tests, group Iil
(cylinder-on-flat with vacuum pump oil under nitrogen atmosphere - #1).
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Figure 9. The average and flash {maximum) temperature of the sliding surfaces
(test series ¢ and d in group ).

31



Load-N

Lubricant
fim
thickness(um)

A

1000

760

520 [l

0.1pum
Transition lines

0.05um

— -
0.06 018 0.48 1.02 m/sec
Sliding speed

Figure 10. Lubricant fim thickness for various load and speed conditions
(group I, cylinder-on-flat and vacuum pump oit under nitrogen atmosphere - #1).

) Cakulated with isothermal condition at 25 C

SENBMER Calculated with the effect of temperature

- Transition lines

—_—
0.06 0.18 0.48 1.02 m/sec

Sliding speed

Figure 11. X (=h/o) for various loading conditions in group I, including

temperature rise when ¢ is taken from the tests in group I,

and h [:_‘: Calculated with isothermal condition at 25C
NN Calculated with the effect of temperature
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Fallure
Rq=0.927,1=0.567 at 12 min.

120.261 1\

0.40 a. Rq with vacuum pump oil
and nitrogen (#1) \

— <4

E

a No scufting b. Rq with vacuum
Bo ump oit
c pump
9 c Tat”"  and air (#2)
] 1=0217
©E 0.20 -
€=
BE
3= Initiation of scutfing No scutting ¢. Rq with mineral il
[ . . . .
® S in this region »/ and air (#3)
o3
£5 1 N
a3 x Lubricant film thickness

1=0.1-0.11 1=0.1-0.154" included the effect
 S— gl of temperalure rise
during the test
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0 10 Time{mIn)
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Figure 13. Comparison of lubricant film thickness with the surface
roughness during the progressive loading test with cylinder-on-fiat

(test

group V)

34



2)

3

4)

Original unworn surface
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Toatl(geometry+roughness)
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L J N’
Roughness(reft side)
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1) After 2 min., Rq:0.038 pm
2) After 6 min., Rq:0.049 tm
3) After 10 min., Rq:0.089 um
4) After 12 min., Rq:0.140 pm

Original unworn surface

Roughness(right side)

Figure 14. Changes of surface roughness during the progressive
loading test with cylinder-on-fiat and vacuum pump oil in air,

test series b in group V.

3
O 15min. test 1.320 N and 0.15 nvsec
2. 560 N and 0.15 nvsec
O 2min.test 3. 1000 N and 1.02 nvse
4. 1240 N and 1.02 nvsec
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. - - _ -
A 3 T~ o
o 18 .
R \‘"s-‘ - 2
14 S S
4 .
l I3 I e . .
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Figure 15. Changes of A with same initial values, tests in group !l and !
with vacuum pump oil under nitrogen atmosphere (¥1).
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