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AGENDA

1. What do we know about grease lubrication
* Film thickness
* Friction

2. Case study: Curve rail lubrication

3. Case study: Rolling bearings
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1. WHAT DO WE KNOW



WHAT DO WE KNOW?

Lubricating grease — Concept

» Composition

= 65-95% base oil (mineral, synthetic or vegetal)
= 5-35% thickener (soap, non soap, synthetic, organic)
= 0-10% additives (EP, AW, VM, Cl, etc...)

Sponge
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WHAT DO WE KNOW?

Lubricating grease — Concept

> 90% of rolling bearings are grease lubricated
» Used for curve rail lubrication

> Represent only 9% of the lubricants market share

= 1 out of 9 papers published on lubrication are about grease (2019).

» Knowledge on grease are scarse in comparison to oil lubrication.

» Knowledge developped by grease developpers and bearing

manufacturer are not published.
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WHAT DO WE KNOW?

Film thickness measurements: Ball on disc device + optical interferometry
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> Low speed: h  Grease # h__Bleed-oil 0. 1 10 100 1000

Entrainment Speed [mm/s]

> h,. & U, ., at low speeds - thickener
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WHAT DO WE KNOW?

Film thickness measurements: Ball on disc device + optical interferometry

Hoc - Starved lubrication

10°

—_—LiM1 ]
——— LiCaE |]
——PPAO |

10

film thickness [nm]

10

0 500 1000 1500 2000
Time [s]

» Lowest values of film thickness curves = limited amount of bleed-oil

> Film thickness is locally and momentarily increased - thickener
> PP >Ca>Li
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WHAT DO WE KNOW?

Traction coefficient measurements using a Ball on disc device
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. 0094 i + LiPAO grease
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> High speed: COF Grease = COF Bleed-oil Entrainment speed [mms~]

> Low speed: COF Grease # COF Bleed-oil
» COF & U, .., at low speeds - thickener
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WHAT DO WE KNOW?

Film thickness and friction for different greases

1000 0.09
Grease film thickness 0.08
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i Grease friction 0.01
1 T : 0
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Entrainment speed [mms-!]

Friction coefficient

> High speed:
» COF Grease = COF Bleed-oil
> h Grease = h Bleed-oil

> Low speed:
> COF Grease < > COF Bleed-oil
> h Grease > h Bleed-oil
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WHAT DO WE KNOW?

Film thickness [nm]

Film thickness and friction for different greases

1000 0.09
. * Grease friction
» ., * 0.08 ;
> High speed:
Bled oil friction 0.07 '
Grease flm thickness / | > COF Grease = COF Bleed-oil
100 { A>3 \ u..,,.......;:l" FATRatanassstsnaiy 0.06 _g > h Grease = h Bleed-oil
F=1-1 F==1 1T o0s %
1<A<3 8
________________________________________________________ 004 ¢ > Low speed:
0] " 003 O > COF Grease < > COF Bleed-oil
Base oil film thickness o LL > h Grease S h Bleed-OiI
0.01
1 T T T D
1 10 100 1000

Entrainment speed [mms!]
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WHAT DO WE KNOW?

N Base oill ] ]
__________ Lithium/polyurea greases » Calcium grease follow stribeck curve
- » == « Complex calcium sulphonate greases
~ > Lithium and Polyurea grease do not -
friction reduces at low entrainment speed
5\
o
o ,
§ Medium temperature
5 High temperature
I3 'S xnhe
Lt wat'
waP
>

Entrainment speed
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WHAT DO WE KNOW?

(a) 40+ LIC/PAO
30 -
£
= 20] Lm W
= ¥oitmc CasMs
PUE ®
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LVSS
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0 10 20 30 40 50 60 70
e/ V
Graxa de litio Graxa de calcio
Morfologia Fibras torcidas Particulas esféricas

Comprimento médio (L)

=24 .40 pn

Diametro médio (D)

=(.1 £ 0.02 un

$).26 £+ 0.05 pn

Volume médio (V)

=(.0157 pn3

=().009 pn3

Size and quantity of thickener!!!
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MEYV - Calcio

MEV - Litio

! L

g

15 KV X4000 _ {5 X5 pum)

AFM - Calcio

Fonte — (CYRIAC et al. 2016)
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WHAT DO WE KNOW?

Summary

> High speed: Grease can be modelled as oil
> We don’t know why
> Low speed: Thickener crosses the contact and changes film thickness and friction
> We don’t know why
> Film thickness is improved by PP > Ca = Pu > Li OR size and quantity?
> We don’t know
> What is the impact of the formulation on wear, fatigue???
> Not established in the literature
> What is the impact of the additives on tribological performance???

> Not established in the literature
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2. RAIL CURVES



2. RAIL GREASES

Commercial options available

Environmentally friendly All Seazon curved rail protection on Heavy Haul and Class 1

railways.
HLGI 1.5

ELM TempFlex® 35 to 160 w/MoS2 Rail 0 ELM MOLYGRAPH,' engineered lubricants
Cllnr'e GI’EESE Enwironmental Lubricamts Mamufactienng, Inc

Biodegradable Rail Curve Lubricant
“‘WHITHORE TECHNICAL DATA SHEET

O

Mome Anterior: Shell Alvania HDX, Shel Retinax HOX

Shell Gadus S§2 V220AD 2 HIGH PERFDRI;fI:IEg‘ SASII:I- (EF&IE 1.ﬁlTH GRAPHITE

Graxs de alta performance com adiivos sdlidos parg miitiplss aplicacies
i

LUBRICATION

Product Data Sheet

Effective Date 01.01.2015 Version 1.0 Kliberrail LEA 62-2000

Readily biodegradable wheel flange lubricant for rail vehicles

Petronas Grease LiCa GEP 2.5
Extreme Pressure Industrial grease fortified with friction reduction additives BECHEM ECDraiI 5501

Heavy Loads \.’.: Water Resistant \l\ Corroslon Protection Bicdegradable rail lubricant
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2. RAIL GREASES

Twin disc tests

Normal load Normal load

Rail

éolling

Crack
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(Rolling (‘Rolling

dry lubricated

Heriz contact stress Heriz contact stress Hertz contact stress
¢ Motion Motion
Wheel Wheel
D — < 5

/ = v Shear force
Friction Floid SR o
ok B -
=

Rail

Rail

Friclior/

- ’b h
Fluid filled crack s

Friction—

Fluid trapped
4 ander pressure
N, -~

Crack sealed by '.. N ¥
passing load ¥
o 12

Rail Y

Surface before test

Crack wear length (Ly)
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2. RAIL GREASES

0,356
Mass loss(g) - 12dry + 8lub S
0,304
B Wheel @Rail OTOTAL %
] 0,230 0,235 0’5F ' Kuheel < Krail
0,199 — - 0,201 __ .
0,171 - 3} Wear mode: crack propagation
0,091 H Lubrication = crack propagation
Li50 Li200 Li500 Ca50 Ca200 Ca500
Mass loss(g) - 4dry + 8lub 0,106 Kwheet < Krai
0.076 0,082 0.073 Wear mode: rolling/sliding wear
= — 0,062 L .
0,060 0,060 0,060 — Lubrication = wear resistance
SEN AN NON DOR D I
Li50 Li200 Li500 Ca50 Ca200 Ca500
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2. RAIL GREASES

Mass loss(g) - 12dry + 8lub

Thickener

A>3,0

Calcium
[ ]

formulation is not relevant

Calcium thickener increases wear

Lithium thickener reduces wear

Additive package also impacts wear

Consistency also impact wear

Inorganic Colloid
- Ca50 ™
0.35 Lithium N<3,0
~~~~~~~~~ t | Lithium+Calcium *
o3 T
[ [ ¢
2025 Ca200
E Ca500 .
E ...,
= 02 LS00 °
L0
015 T (a) 40,
,,,,,,,, 30 4
0.1 o S
o o~ 201
l od I l | | | =1
0 100 200 300 400 200 10 ]
Viscosity, cSt
A~0,6 A~1,5 A~3,0 °
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2. RAIL GREASES

General trend

COF(-) - 12dry + 8lub
n increases = W decreases
0.07 - Ca50 ™.
. N<3,0
0.06 |- e Calcium increases friction
~~~~~~~~~~~ * Additive package may affects friction
0.05 F L0 000 s T
O I Lgoo T e * Consistency may affects friction
OComal T Li500
3] T AN>3,0
Thickener "
0.03 |- Caleium [T * Thickener is not relevant
|F|DI'gEiﬂiC CD"Did ---------- fiz:sii;i/lpolyurea greases
DDE | = . = . Complex calcium sulphonate greases
Lithium e
D':H B Lithium.‘.caICium % I Medium temperature
| | | | | | é High temperature
0 100 200 300 400 500 .
Viscosity, cSt
A~ 0,6 A~ 1,5 A~ 3,0
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2. RAIL GREASES

Retentivity (cycles) - 4dry + lub

2.5

]

Retentivity, cycles
o

—

0.5

General trend
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2. RAIL GREASES

Summary
> N>3,0

> Base oil defined tribological response
> High viscosity increases retentivity
> N<3,0

> Calcium thickener
> high wear (new result in the literature)
> high friction (agrees with literature)

> Lithium thickener
> Low wear (new result in the literature)
> Low friction (agrees with literature)

> One tested formulation presents better results than the commercial options available at lower costs
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3. IDLER S ROLLING BEARINGS
- grease selection -



3. ROLLING BEARING

Idler design
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3. ROLLING BEARING

- Shedl

Sealing solution

i | .
Labyrinth 52al -, Bearing

SOTRNSANNN]

| Bt

: "',lf—'-:"‘ o

|
Lt i
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3. ROLLING BEARING

Rolling bearing type

Radial internal clearance

“E g

=

Asialinternal clearance
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3. ROLLING BEARING

Lubricating grease

Viscosity from 50 ¢St to 500 cSt
Thickener type: Lithium, Polyurea, Calcium, etc

Base oil: Mineral and Sythetic

Moqueca Triboldgica V.04
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3. ROLLING BEARING

50,0 9

Lnn = (@ % az3 % (¢/ P)S) [A] onfl-

10,04

a,: adjustment factor for reliability; 5.0/
a,3: life modification factor depends on operational condition,
contamination and lube viscosity;

2,019

% 101
Reliability Lo ay
% 0.5+
30 L 4 k: viscosity ratio
95 L;:a 0,62 C: Dynamic bearing capacity .|
96 Lag 053 n: contamination factor :
97 Lag 0,44 Pu: fatigue limit load o
93 Lys 0,33 P: bearing equivalent load
% Lla 0,21 D'Dg.nuﬁ 001 | D02 0os | 01 | 02 05 | 10 | 20 n%

High load, dirty Low load, clean

Moqueca Triboldgica V.04
UTrer 28 de 34

E TECNOLOGICA FEDERAL DO PARANA P r O f_ T i a g O C O u s S e a U



3. ROLLING BEARING

Viscosity & Contamination

Friction coefficient

boundary | mixed|  fluid-film (EHD)

>
Lubrication Film Thickness I.Og (V.n / F)
{= 1/20 of the thickness of
human hair)
1000000
E
£ 100000 . — .
m .
[Pl
w 10000
£
g 1000
—>
o 100
5 10 Higher viscosity
<
1
0 0,5 1 15 2 25 3 3,5 4

lubrication condition,k &  Contamination level,
PR Moqueca Triboldgica V.04
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3. ROLLING BEARING

Grease life Lo [h)

Grease performance factor (GPF) 100 000 T— |
N U= 100000 | S~ ' 0 = 20000
e Polyurea + ester oil grease (GPF=4) ’_
e Polyurea + mineral oil grease (GPF=2) .o
10000 4=

e Lithium + mineral oil grease (GPF=1)

Example:
Rolling bearing 6309-2z 10004
Speed: 500 rpm

Temperature: 70°C

100 L] L) L] L) L) 1 L) L) L) L] L] L] Ll

L)
GPF=1 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115
GPF=2 535 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130

GPF2 70% > GPF1 GPF=4 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145

Operating temperature [*C]
for various grease performance factors (GPF)

Moqueca Triboldgica V.04
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3. ROLLING BEARING

Limn = (a1 X azz X Ligp)  [h]

700

600

500

400

300

Lmh [103 hours]

Viscosity effect on bearing life - Lmh

—— Visc=10 / k=0,4
— Visc=15 /k=0,6
—— Visc=20 /k=0,8

Visc=25 /k=1,0
— Visc=30 /k=1,2

— Visc=40 / k=1,6
—— Visc=50/k=2,0

— Visc=75 /k=3,0

— Visc=100 / k=3,9

Rolling bearing 6309-2Z
Speed: 500 rpm
Temperature: 60°C
Load: 4000 N

Grease A/B: = 220 kh
Grease C/D: = 280 kh

200 300 400 500 600 700 Lth/D is 15 % > LmhA/B

Rotacional speed [rpm]

Viscosity parameter OK, but could be higher

Moqueca Triboldgica V.04
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3. ROLLING BEARING

Viscosity effect on friction torque loss

M :¢ish'¢m'Mrr+Msl+Mdrag+M

total seal
200
/ / — Visc 20

'g' 190 —Visc 30
£ / / —Vi
E. 180 Visc 40
g \\< / —Visc 50
|§ 170 ' X Visc 60
§ —Visc 70
S y Visc 80
- —}?/\/ Visc 90

140 \ \ I \ Visc 100

0 200 400 600 800
Rotational speed [rpm]
U-I_FPR Moqueca Triboldgica V.04

Prof. Tiago Cousseau
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Rolling bearing 6309-2Z
Speed: 500 rpm
Temperature: 60°C
Load: 4000 N

Grease A/B: = 165 Nmm
Grease C/D: = 150 Nmm

Lmhc/D is10% < LmhA/B
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3. ROLLING BEARING

Rolling bearing power loss rig

LiM1

250

200

150

100

Friction Torque [N.mm)]

50 - -

0 1000 2000 3000 4000 5000 6000
Speed [rpm]
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3. ROLLING BEARING

Summary

> For the analyzed conveyor belt, operational viscosity should be increased from 40 cSt to 60 cSt.
> Such modification increases theoretical bearing life in = 20% and efficiency in = 15%
> Polyurea greases present longer life than lithium grease under usual idlers operating conditions

> Bearing power loss can be measured and the current models can be upgraded to include the effect of

additives and thickener

Moqueca Triboldégica V.04
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