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SIGNIFICANT EFFECTS : 
ROILING SPEED INCLUSION 
VISCOSITY FIBER ORIENTATION 
ROUGHNESS 
HARDNESS 
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Mixed-Film Lubricated Contacts 

1 - - h - Average Film - -- h* - Micro-EHL Film 

p , Pa - Average Ruid and 
Contact Pressure 

- - 
7 , ~a - Average Ruid and 

Contact Shear Stress 
- - - 

i , T2- Average Fluid and 
Contact Surface 

Temperatures 

p* - Aspenty Contact 
Pressure 

7' - Asperity Contact Shear 
Stress 

T*- Asperity Contact 
Temperature 



CURVE 1 - STANDARD 
CURVE f - NON-STAND- 
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Figure 10. W e x  aeprh distributions or toorh wear profdes after one million cycks 
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Micro - EHL Film 



Criterion for Breakdown of 

Micro = EHL Film 

>> % ; ; - 1 Micro-EHL Effective 

Q < 1 Micro- EHL Breakdown r l - 7 7 0 9  



Load Parameter ,  W/(E'R) 





, -'cisorpion is terminated at one monolayer of rhe 
ads orbate. 

7 )  The molecules are non-interacting but only 
comperes for  a Fixed number of sites all having 
ihe same activation energy Ea. -. 

3) The vibrational and rotational excitations of the 
molecules are negligible. 

4) The lubricant and the surface is in thermal 
equilibrium. 

The molecular kmetics for the lubricant are 
governed by the ideal oas law. 
C C 

Thus applying C Lanomuir's - adsorpsion 
'1 isotherm theory, the f a  z !  coveraoe C 

of the adsorbate is C given by: 

where 
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Metal oxide thickness increase: 

C is E canstmt dependent upon the metal oxide 
canoositicn 

Metal oxide thickness decrease bv Wear:  

- 
X 2 . .  k = k-- -5 rrcn C. Rowe's works 

{ " ~ t  - 
0 

- - - x "A 
A -- L: 

F tw = k -- .-,I- L = load - 
: C  -A, H = k~rcness  

A = 



Metal oxidation process: 

A, = Arrhenius constant 
Q =  , o x i d ~ t i o n  activation energy 

A,, Qused in  the present work are 

Metal oxide thickness increase: 

C is a constant dependent upon ihe metal oxicie 
composition 

Metal oxide thickness decrease bv Wear: 

x - E  
k = k,, eT from C. Rowe's works 

Ut 0 

L = load 
H = hardness 
A = are2 



Criterion for scuffina failure to occure: 

a5 = 5 ,  - 5. . . e l  

For different operzting conditions, when the formztion 
of metal oxide is no longer faster than the removal 
process by wear, scuffing will occur ..eventusily. 

According to the previously mentioned processes, 
the oxygen content in the lubricant may be totally 
depleted, which controlls the fornation and removal 
of the metal oxide. 
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Failure of Substrate 
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Fig. 9 Comparison between the Calculation and 
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POSTULATED SCUFFING 

MECHANISM 

Lubrication Breakdowns Leading to Microscuffing 

Transition from Micro to Macroscuffing 



Scuffing Test 

Experimental Setup 

(Specimen Setup) 
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SCUFFING EXPERIMENT USING MINERAL OIL 
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CONCLUDING REMARKS 

Sliding Speed 



Postulated Successive Modes of Sliding Failure 

Near Sufface submate @ 
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Crack Initiation from Asperity Contact 
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23 = grain or subprain size 
h = width of slip band. 
B = half-width of Hexuian contact zone 
H = depth of cnck inidation from conract surface 

rn cases: 
(i) 0 H < 2 ,p.m. sudact m c k  initiation; 

(ii) 2 pm < H < 0.3B. near surface crack iniriarion; 
(iii) O.4B c H . substnre crack iniriarion. 

Fig. 1. Mode.,!ing of c n c k  initiation under contact fatigue. 

Surfact Cnck Initiation Life. ni 

Fig. 8. Model prediction of effect of hardness 
on crack initiation life (q=3.8). 



Experiment Result 

Model (q=3.8) 

lo8; 
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Amplitude Range of Max. Shear Stress (GPa) 

Fig. 7 .  Comparison of model prediction with experimental 
results (Zhou, et al. 1989) about near surface crack 
initiation life (Rc = 62.5). 



FOR CONTACT FATIGUE 

Rol ling 
Direct ion 

-. : e 2 . G e o m e y r  acc! c a o z = i ~ a t e  syszep f o r  crack 
? ropaga t ion  xodel. 



L. - rrgure I1 Predicted crack size versus loading cycles for a 
crack inclined at  22.5 degrees from the surface under 
linear S u i d  pressure including residual sczess 
e f f  ec=s. 



Fig. 4 Contact nurhcr showing asperity wntrct burd a m s  

bulk 

,-,, --- 

Fig. 3 Crack tip stress Intensity ranges induced by asperity and bulk 
contact lomding 





CONCLUDING REMARKS 

Both surface fatigue and scuffing are controlled by 
mixed lubrication through the average film 
thickness, asperity pressure, friction, and asperity 
temperature. 

Existing gear lubric'ation analyses such as TELSGE 
for spur gears are useful for improving predictions 
of surface fatigue and scuffing using current AGMA 
criteria with the maximum contact pressure and 
total temperature. 

Recent surface fatigue life model shows merit and 
promise leading to an improved life prediction 
based on fracture mechanics. 

Recent scuff experiments and modeling for rollers 
suggest that scuffing is generated by micro-scufing 
of asperities due to lubrication breakdowns leading 
to macro-scuffing of an extended region, and 
correlate with the asperity contact temperatures. 


