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Presentathn agenda Innovation in Motion @

1. Engine application and influencing parameters

a.Influences on bearing system

b.Crank train system influencing parameters

2. Friction reduction approach

a.Base friction model and friction reduction approach
b.Mixed friction area

a.Investigation methods and parameters

b.Friction - material and viscosity influences

c.Robustness — oil chemistry and material interaction

3. Summary, outlook and support
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Influences on bearing system Innovation in Motion @

Changes in engine
application and operating Load

. : " Friction Robustness
conditions influence the capability
bearing system & design:
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Investigation
root cause
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Crank train system influencing parameters @
Innovation in Motion

Geometric properties

Low friction
Other parasitic bearing with Hydro-dynamic
loss — oil flow “robust friction...
design®
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Base model for friction reduction

Influence of friction reduction on bearing system

Trend to low viscosity oil with low ash
forming components

Hydrodynamic friction
t Increasing mixed friction

‘ Loss of bearing robustness

4

Different friction situation for each
engine
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Mixed friction area

Investigation methods to evaluate mixed friction

Investigation methods

 Ring on disc method

e Friction coefficient
determination

 Bearing adapter

e Wear
characterization

e Seizure limits
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| Measurements, Visualization of tribological processes >

Engine Bearing Tribometer tests
tests test rigs I
Damage equivalent Tribological basics
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Mixed friction area ’ . @
nnovation in Motion
Several parameters influence mixed friction

Parameters
» Bearing dimensions and design features

 Oil viscosity and especially additives

» Contact partners

Load

Surface 1

o Materials .
B 7/ 2072027727 i

o Surface conditions and chemistry

Lubricant

E E EE etk

Surface 2

Hpm - ;} B Load
o - . ¢ Surface 1
e

-_— Surface 2

Boundary conditions for system optimization
» Design:

* Engine and component dimensions
» Material properties:

» Bearing load capability

» Mixed friction and wear sensitivity
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Mixed friction area ’ . @
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Friction and robustness are influenced by:

/ Material
\ Oil viscosity

Friction

Oil chemistry

(additives + base oil)

Robustness

Material
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Influences of different lining materials and surfaces

General bearing performance of different materials
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Robustness ' . .
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Basics of interaction between oil and surface material

Hertzian contacts

Soft contacts
. __ ) Steel surface from RoD test
@ Ring specimen;

- . T
. N o

Pondicherry, et. Al, ECOTRIB 2011
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Robustness ’ . @
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Influences of different viscosity grade

Seizure limits of bearing materials vs. viscosity effects and oil formulations

40 Low viscosity oils:
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Influences of different viscosity grade

Start stop wear vs. Oil viscosity EURO 5 oil . . .
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Influence of ZDDP in combination with different materials

Seizure limits of bearing materials vs. viscosity effects and oil formulations
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Influence of oil formulation on seizure limits

Different oil formulation shows different influence
on robustness
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Different Oil Formulation leads to different tribofilms

Comparison — Load bearing tests
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Summary, outlook and support Innovation in Motion @

Oil viscosity reduction leads to:  Changes in oil chemistry lead to:

e Lower hydrodynamic friction * New interactions between oil and material
coefficient » Metal surface

« Ciritical changes in mixed - changes in system robustness
friction area possible » Synthec surface

- no changes in system robustness

!

Miba Bearing Group
provides support in friction simulation and optimization

proper bearing choice
Know How & Support <
Materials for all bearing applications
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Any Questions?

Miba Bearing Group
Dr. Mitterbauer-Stralie 3

4663 Laakirchen, Osterreich
+43 7613 2541-0
bearinggroup@miba.com
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M 1 096_01 5 Speed = const. @ 1.4 m/s - 1000 rpms

Test configuration: Ring-on-Disc - Bearing material: Aisn20cu - Shaft material: 34CcrNiMo6 - Lubricant: Gas Engine 0il 124-A
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M 1 096_033 Speed = const. @ 1.4 m/s - 1000 rpms

Test configuration: Ring-on-Disc - Bearing material: Aisn2ocu - Shaft material: 34crviMo6 - Lubricant: 447.4
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3> M1096_042
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Speed = const. @ 1.4 m/s - 1000 rpms

Test configuration: Ring-on-Disc - Bearing material: Aisn20cu - Shaft material: 34crNiMo6 - Lubricant: 356-4
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