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. Introduction -

Elastohydrodynamic lubrication (EHL)

high pressure

+ elastic deformations

Hertzian pres- y Pressure curve
+ small contact area sure curve < in EHD contact
= complex problem requiring \

a detailed solution
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Roughness behavior in EHL contacts \[\__._’___\/

* behavior of deformed roughness inside the contact

» pressure variations which can lead to failures

* numerical simulations - approach to study these effects
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. Numerical simulations

4. %

Petrusevich (1951) Dowson et al. (1959) Ranger et al. (1974) Venner et al. (2000)
1951 1959 1967 1974 1976 1987 1991
15t numerical Point contact - Point contact -
solution inverse solution  direct solution
Multigrid methods
Line contact -
direct Line contact -
solution inverse solution
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. Study of roughness deformation
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« two components of solution (Greenwood 1994)

« complementary wave

—
—— U uy

Moving steady state Inlet disturbances Transient solution

= Greenwood et al. (1994)
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. Full numerical simulations with surface rod?l_'mess
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 time-dependent models (Venner 1991, Ai 1993) ] o o
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. Aims of the Thesis

The aim of the dissertation is to study the effect of non-Newtonian lubricant
properties on the behavior of surface roughness inside the contact zone under

rolling-sliding conditions by means of numerical simulations.

Partial tasks:

» fast and stable numerical solver

« parametric study of the non-Newtonian lubricant properties and their effect
on deformation

« direct comparison with experimental results
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. Mathematical model

Reynolds equation

8 [phs 4 épj+ o [phB 4 apj_um a(ph) _a(ph) _ 4

ox\ 127 ™ ox ) eyl12n 77 oy X at
x> y° 2 p(x', y')dx'dy'
= . : h=h, + + R+ H
Film thick t
ilm thickness equation °" IR 2R, £ b \/(X—x')z +(y—y')2
Force balance equation W= H p(x, y Jdxdy

Q

Define:
» boundary conditions
» cavitation condition

* lubricant properties
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. Numerical method

» multigrid method - Reynolds equation
« multilevel multi-integration - film thickness equation

« accurate definition of the transfer between the grids

!
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Keep
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= Urbanec (2007)

the accuracy

of the solution

= Wijnant (1998)
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. Implementation

Initial approaximation
* pressure P

» mutual approach H,

At each time step

» multigrid F-cycle is applied

F-cycle

@ ()

@ O )
O @ W@
CERC C

= Wesseling (1991)

Ph.D. Thesis Defense

July 24th, 2015

®

initial approximation
taken from the

previous time step t,

!

multigrid cycle
attimestep t,

repeat n times

move to next time step
t ., after n cycles
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. Implementation .

0.5
» Single grid solution
0.4
» 2 relaxation schemes =
. L O 3| Gauss- Jacobi Gauss- |
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. Implementation

Newtonian

b=1  4=1

non-Newtonian model
® line x point contacts

® Eyring sinh law x generalized Newtonian

Eyring model

T T . T
fl - |= %sinh| ™

To Tm 7o
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1.0 4
0.8
T 061 1: Newtonian
T_L 2: \’i!écotls—gllastic
3: Bair & Winer
0.4 4 4: Gecim & Winer
5: Linear (n = 1)
6: Circular (n = 2)
7: Eyring 7o = 171./3
024 8: General, n=1.8
9: General, n = 2.8
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. Verification and validation of the model h\

e

Comparison with previously published work - Felix-Quinonez (2004)

- flat-top transverse ridge - same geometry

* Newtonian vs. Eyring model, comparison with experiments

pure rolling SRR=+100% SRR= - 100%
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Ph.D. Thesis Defense L"< Institute of Machine
and Industrial Design

July 24th, 2015



. Accuracy of the solver

« Accuracy
« stationary — up to 0 (1019
* non-stationary ~ 0 (103-104%)
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« Effect of time step

Time step Residual norm Force balance
Reynolds eqn. residual
AT = 2AX 6.3 -103 1.8 103
AT = AX 3.1-103 6.6 - 10
AT = 0.5AX 2.8 - 103 4.3 104
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. Results - Transient simulatiq_

Input parameters Value SRR +100%, u,,=0.08 m/s, SR 600
Load (w) 30N

Material (steel-glass) 123.8 GPa

Reduced radius (Rx) 0.0127 m

Mean velocity (um) 0.02, 0.04, 0.08 m/s

Slide to roll ratio (SRR) 0%, *50%,

+100%, +150%

p (GPa)

Single flat-top transverse ridge

200} — gilta_etrior?\erimc{gleridge .
160 ¢ height x(um)
£
£ 120} 200 nm
e - 1
S 80 | base width
.a 45 m g 075
< 40 K 2 o
0o b M e ] top width
: ] - 20 ”'m ofmo ~100 o 100
—100 —-50 0 50 100 (um)

width (um)
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. Results - Newtonian vs. non-Newtonian deeI\
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undeformed

deformed
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pressure (GPa)
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. Results - Effect of mean speed and SRR -

----- +50% - - £100% — +150%
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Results - Comparison with experiments l
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. Results - Effect of lubricant properties e
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. Results - Effect of lubricant properties e
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. Results - Effect of lubricant properties l
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¢
. Results - Effect of lubricant properti_
SRR +120%, u,=0.133 m/s, 55 N, a=24 GPa!
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. Conclusions

» Effect of slide to roll ratio

 in agreement with experiments the deformation is independent of the sliding magnitude (for |SRR|=0.5)

- Effect of mean velocity

 in agreement with experiments with decreasing mean velocity the deformation is increasing

« Effect of lubricant rheological properties
» simulations with different lubricant properties exhibit discrepeancy against experiments
» pressure-viscosity coefficient a — minor influence

» Eyring shear stress 1, - significant influence

« Aims of the thesis were fulfilled.
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Thank you for your attention
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. Reviewer's question

#1) As described by the author, there are numerous rheology models. Why did the author adopt the Eyring

shear thinning model?

17
. Eyrlng sinh law: 1.0 1 i
+ implementation - effective viscosities 08 4 ]
 shear stress can be obtained without
additional integrations accross the film 0.6 1 1: Newtonian
thickness T_L 2: Viscous-plastic
3: Bair & Winer
0.4 4 4: Gecim & Winer
5:Linear (n = 1)
6: Circular (n = 2)
7:Eyring Tp = 71 /3
0.2 1 8: General,n =1.8
9: General, n = 2.8
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. Reviewer's question e

#2) Fig. 6.16 shows the film profiles obtained in pure rolling. The film thickness is slightly larger for the

Eyring model than for the Newtonian model. Could the author explain the reason?

400 T T T 400 T T T
- — — - 2nd order Newtonian - — — - 2nd order Newtonian
350 - 2nd order Eyring 350 - 2nd order Eyring
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100 E 100 +
50 1 50
0 . . . ‘ s . . 0 . . ‘ s s . .
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
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. Reviewer's question .

#2) Fig. 6.16 shows the film profiles obtained in pure rolling. The film thickness is slightly larger for the
Eyring model than for the Newtonian model. Could the author explain the reason?
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