- L' ication Effects
on Surf r+ Pitting and Scuffing
in -ears - A Review

H. S. Cheng

Centc. for Engineering Tribology
. thwestern University

Evanston, IL 60208



~utline
of
Gez:’ Lubrication Review

Tribofailure Mo -5 in Gears
Lubrication Per --mance

Mixed Lubricati  Characteristics

h ar | h* - Ave ge and Asperity Film Thickness
P and p* - Aver ge and Asperity Pressure

T and T* - Ave.nge and Asperity Contact Pressure
Surfac  Fatigue ! hnenomenon

Crack Initiation 1odeling

Crack Propagati 1 Modeling

Gear Teeth Con uct Fatigue Life Modeling
Scuffing Phenoi: 'non

Roller Simulation and Scuffing Experiments

Scuffing Modelii

Concluding Remarks



L P (cowracr

LOAD)

T Cconract
TEMPERATURE )

: /,.‘




SINGLE DEEP PIT

MULTIPLE SHALLOW PITS

SCUFFING

| / (TIP AND ROOT AREA)
J

/



)L |

——

EHD
L Cetraramenres
/— | yNY-1 rchaTIoN. )
A , l
—~ ,

__— _



CONTACT PRESSURE

R

CONSTANT SLIDE TO ROLL RATIO

Ua SPEED

SIGNIFICANT EFFF .S :

ROLLING 7.’EED INCLUSION
VISCOSITY FIBER ORIENTATION
ROUGHNESS

HARDNELD !



‘J:l';clll

ol

fr +*

0.1 1.0 3.0 10.0
h il ihickness
o] st 'ace roughness

1. Bound.. v Lubric *'on
II. Partial EH.L. ( , - -Frem LB )

ITI. Full Film E.H.L.

Regimes of Lub. +ation i: .ubricated Contacts



Mix ~-Film ! ' bricated Contacts

L‘& 5 ) -b M‘/
i SV I VA S
4 \1/
~ h- Average Fiim p h* - Micro-EHL Film
D, Pa- Average Fluid .- p* - Asperity Contact
Ci wactPress' = Pressure
<, _‘f - Average Fluid d ' T* - Asperity Contact Shear
Contact Shear: 3ss Stress
T, Ta- Average Fluid ¢ T*- Asperity Contact
Contact Surfa Temperature

Temperatures



CURVE 1 - STAMN ' 'D
CURVE 2 - NON-_ . NDARD

CURVE No. . - '-1... .., | CURVENe. 12
NUMBER OF n:m - 28 MODULE 5.0 5.0 (MM)
NUMBER OF TEETH ° 33 : PRESSURE ANGLE 20.0 25.0 (DEG)
ADDENDUM OF PINI | 500 < . ' CLEARANCE 125 125 (MM)
ADDENDUM OF GEAR 500 ‘' . s FILLET RADIUS 1.50 1.90 (MM)
DEDENDUM OF PIN' 625 . ° ‘' TOOlL (ID 40.0 40.0 (MM)
DEDENDUM OF GEAR 625 o ANGUT ' ' SPEED () 1450 1430 (RPM)
PROFILE MODIFICA' NO .. -~ TOR( 275 275 (N-M)
s .
- ! é
g / . ‘a’
S 04 2 ,
N é 2.00-
> E
2 500 -~
g T 3
= = 1.0
= z
= 400 <
= =
= £ 1.00;
< 300 00 -50 00 50 100 15.0
= -200 -15.0 -10.0 -5.0 ) 5.0 15.0 -20.0 -15.0 -10.0 -5. . ] . )
POSITION IN THE L .. OF ACTKC ) POSITION IN THE LINE OF ACTION (mm)
CO 1
3000 ] S ,
E 0'5.- /'
] 2
< 0004 fg 0.4 4
o - -
g 2 03;
= o E
<
E S 02
2.
< i
0 ~N 0.1
-200 -15.0 -10.0 -5.0 ) 50 Il ;.0 = .200 -150 -100 -5.0 0.0 50 100 150
POSITION IN THE L. . OF ACTION ! 1) = - POSITION [N THE LINE OF ACTION (mm)
SIRFACT TIMPIRATURE (1)
8.0 5 55.04
z
2 X g
e 2 S 50.0-
g 3
F; 4,0? '.:-21
N 3 =
< i \ < 45.0
= 204 v =
Z : \ =
< 3 =
= 001 ! . 400
-20.0 -15.0 -100 -3.0 0. 5.0 10,y 15.0 2200 -150 -100 -5.0 00 5.0 100 15.0
POSITION IN THE LI = OF ACTION ( n) POSITION IN THE LINE OF ACTION (mm)
Fig. 12 Compan - of the Trbological Performancss

berwesn Siandard and Non-Standard Gears



4 L8
. ] —=— (.34 um RMS roughness
£ ——e— 0.40 um RMS roughness
= 3+
=3
)
a
o 29
Q
.7
=
o
= 14
E ' Al )
17 N
0 - T ;
-0.6 -0.4 -0.2 0.0 0.2 0.4

Line of Contact

Figure 10. Wear depth distriputions or tooth wear profiles atter one million cyciss

0.6



(fiZ 80enng | 1GIoSpyY

Wii4 THI ¢ oI

Wi o

ERAN ORISR ISP EELY

saljiadsy ~' (plIS I

sioAe pue suwyj'4 3aAl ualodd



llicro - EHL Film




Crit "ion f * Breakdown of

JMicro - EHL Film
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SCUFELNG EXPERTMENT RESULTS CORRELATED WITIL DYSON'S
G-MECHANLSM THEORY. THIS 1S FOR TEST CASES WHICH UNHDER
HEHT MACROSCOPLC SCUFFING FALLURE. THE LUBRICANT USED
UAS STRATGHT HTLHERAL O1L,

Load Parameter, W/(E'R)

SCUIFING EXPERIMENT ooxzmrp:oz
<<_j_ SOME HYDRODYNAMIC PARAMETER

W
00000 S /R=0.5396
mEnEs S /R=0.7826 o
$0004 S/R=1.0769 -
o
_O - I I 1 IA_. R N R B
0.1

Hyd. Parameter, 48R g° x (MU)/(F'R)




Aovso P20 reACE FILM

ASPE. 1TY \ \
&




ASSTMDTTY

- At P -

Adsorption 1S termir
adsorbate.

are
. fixed

The molecul
competes for

the same activation ¢

The wvibratio' 1 and

molecules a.: negliv’

The lubricant and t
equilibrium.

The molecul =

governed by 72 ideal

Thus app-ving L

1sotherm . eory,
of the ad«: rbate 1

wne: ! F
cnis te:. reprer-
bcmbar-dment Tats
Zc.2gcules on o

IS OINT T L NCENVTUIR'S

etir

e fraciional
. gilven by:

"d at one monolayer of the

- -interacting but only
umber of sites all having
rgy Ea. —

. ~ational excitations of the
i e.

surface is in thermal

for the lubricant are
as law.

' 'muir's adsorption
coverage

ZrmKyT -AH 4
52 exp KT
P
J27mKy T

s the molecular
Z the lubricant

-— —bhao
o sz ace.



) DELING
OF
/" SORR * SURFACE FILM



COVZRAGE

-R

i

ADSORPTION AS A FUNCTION OF PRESSURE +ND 1 EMPLRATURL

ACTIONAL

S |

1.00 ‘_T“O"ﬁ*k#“ﬂ-é\a “‘ﬂ“ﬁ“‘?‘*{}\
0.80 - \\\\
i 0 —1.0E5 Pa
n —| OE7 PG
a ~1.0C8 Pa
- 0 —1.0L9 Pa
0.60 - - -
: w = 340 amn
: AN = 70 Ki/wole
- .l.ulsrlcuut data wan

SRR
S T I

\ . e ~ : )
u_ of . o

oo

: By P
Q.00 -frrrrrmrrerrmrr e e e Bt e b e e v S Y e9 8,6, $réreve
.00 150.00 S00.00) 45H0.00 GOO OO

TEMPERATURE (DEG (“..)_




ndt:s

on 3

(Pe)

NTZRLUING

Ci.

C
H
'y

10°

T T T I

l() . AL T R Rt R e et A Byt et et Dt et e e e et e et I A ol et et B B

100.00

/ i

00000 SCUFFING FAILURE FROM EXPERIMEMT

CioeKack TYPICAL BOUNDARY LUBRICATION FANLURLE
e HHEORENCAL TEMPERATURE--PRESSURE CURVE

SCUIFING EXPERIMENT DAIA USING MINERAL OIL
CORRCLATED Wil THE ADSORPTION THEORY

200.00 300.00 100.00 500.00
MEAN ASPERITY TEMPERATURE (DEG. C)



O../pE  FiULM

As)T2ITY

- e
- = — -
-— —

Metal oxide thi~"ness increase:

A =
m= (A.ent

NALS

C is & constant 4 Jendent upon the metal oxide
compaosition

Metal oxide thickness decrease by Wear:

0. ><
)
i
> L
P
= SY
Do
n N
3
()]
n
”n

|
m
ey
M
1))



Me* ' _oxid . on _prorets:
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Criterit n for icuffing failure to occure:

N

For d..erent ot ~.ating conditions, when the formation
of metal oxide "' no longer faster than the removal
proce by we -, scuffing will occur eventuzlly.

According to the previously mentioned processes,
the oxygen cor At in the lubricant may be totally
depleted, which controlls the formation and removal

of the metal o: .
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PC' TUL TED SCUFFING
M CHANISM

® Lubrie onBre ° lowns Leading to Microscuffing

® Transition from! 0 to Macroscuffing
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Postulated ' ucces ‘e Modes of Sliding Failure
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Jostula, :d Mechanism for

€ ‘ace Pitting

® Crack Initial.” 7 from Asperity Contact
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contact surface ,
A}

2a=gran or. _ -rain size
& = width of . _ ) band.
. = half-widw. o1 Hertzian contact zone

[=depth of ¢ - :inidaton from contact surface
Thres cases:
(i) O<ly<2um, surface crack initauon;
(1) 2pm <. <0.4B, near surface crack initdaton;
(i) 04B .. substrate crack initdation.

Fig. 1. Modeling of crack initaton under contact fatigue.

¢ (i me Crack Inidation Life, ni

Fig. 8. Moc ' predicton of effect of hardness
on - -- :initiatdon life (g=3.8).
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Fig. 7. Compérison of model prediction with experimental
results (Zh: 4, et al. 1989) about near surface crack

mnigation ;- (Rc = 62.5).
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"ONC' DING REMARKS

Both surice fati  and scuffing are controlled by
mixed li-"rication *  ough the average film
thickness, asperity Jressure, friction, and asperity
tempera "e.

Existing gear lubr - ‘ion analyses such as TELSGE
for spur «,.ars are ' eful for improving predictions
of surfac : fatigue nd scuffing using current AGMA
criteria with the mz “mum contact pressure and
total temperature.

Recent surface fati~ue life model shows merit and
promise leading to n improved life prediction
based on fracture | echanics.

Recent scuff expe ments and modeling for rollers
suggest that scuffi ~ is génerated by micro-scufing
of asperities due to ,ubrication breakdowns leading
to macro-scuffing  an extended region, and
correlate with the - .erity contact temperatures.



