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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
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 Composition

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

Sponge

WHAT DO WE KNOW?

Lubricating grease – Concept
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 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.

WHAT DO WE KNOW?

Lubricating grease – Concept
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WHAT DO WE KNOW?

Film thickness measurements: Ball on disc device + optical interferometry

 High speed: hocGrease ≈ hocBleed-oil > hocBase oil

 Low speed: hoc Grease ≠ hoc Bleed-oil

 hoc & Uhmin at low speeds → thickener
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WHAT DO WE KNOW?

Film thickness measurements: Ball on disc device + optical interferometry

 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

 High speed: COF Grease ≈ COF Bleed-oil 

 Low speed: COF Grease ≠ COF Bleed-oil

 COF & Uhmin at low speeds → thickener
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WHAT DO WE KNOW?

Film thickness and friction for different greases

 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 and friction for different greases

 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?

 Calcium grease follow stribeck curve

 Lithium and Polyurea grease do not –

friction reduces at low entrainment speed
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WHAT DO WE KNOW?

Size and quantity of thickener!!!
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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
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2. RAIL GREASES

Commercial options available
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2. RAIL GREASES

dry lubricated

Twin disc tests
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2. RAIL GREASES
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2. RAIL GREASES

Λ ~ 0,6 Λ ~ 1,5 Λ ~ 3,0

Mass loss(g) - 12dry + 8lub
Λ > 3,0 

• formulation is not relevant

Λ < 3,0

• Calcium thickener increases wear

• Lithium thickener reduces wear

• Additive package also impacts wear

• Consistency also impact wear
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2. RAIL GREASES

Λ ~ 0,6 Λ ~ 1,5 Λ ~ 3,0

COF(-) - 12dry + 8lub General trend

η increases  µ decreases

Λ < 3,0

• Calcium increases friction

• Additive package may affects friction

• Consistency may affects friction

Λ > 3,0 

• Thickener is not relevant
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2. RAIL GREASES

Λ ~ 0,6 Λ ~ 1,5 Λ ~ 3,0

Retentivity (cycles) - 4dry + lub General trend

η increases  Rt increases
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2. RAIL GREASES

Summary 

 Λ > 3,0

 Base oil defined tribological response

 High viscosity increases retentivity 

 Λ < 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 -



M o q u e c a  Tr i b o l ó g i c a  V. 0 4
24 de 34P r o f .  T i a g o  C o u s s e a u

3. ROLLING BEARING

Idler design
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3. ROLLING BEARING

Sealing solution
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3. ROLLING BEARING

Rolling bearing type

CN
C4
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3. ROLLING BEARING

Lubricating grease

Viscosity from 50 cSt to 500 cSt

Thickener type: Lithium, Polyurea, Calcium, etc

Base oil: Mineral and Sythetic
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3. ROLLING BEARING

𝐿𝑚ℎ = 𝑎1 × 𝑎23 ×  𝐶 𝑃
3

[ℎ]

a1: adjustment factor for reliability;
a23: life modification factor depends on operational condition, 
contamination and lube viscosity;

a1

𝒌: viscosity ratio 
𝑪: Dynamic bearing capacity
η: contamination factor
Pu: fatigue limit load
P: bearing equivalent load

a23                         

η
𝑷𝑼

𝑷
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3. ROLLING BEARING

Viscosity & Contamination



M o q u e c a  Tr i b o l ó g i c a  V. 0 4
30 de 34P r o f .  T i a g o  C o u s s e a u

3. ROLLING BEARING

Grease performance factor (GPF)

 Polyurea + ester oil grease (GPF=4)

 Polyurea + mineral oil grease (GPF=2)

 Lithium + mineral oil grease (GPF=1)

Example:

Rolling bearing 6309-2Z

Speed: 500 rpm

Temperature: 70°C

GPF2 70%  >  GPF1
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3. ROLLING BEARING

𝐿𝑚ℎ = 𝑎1 × 𝑎23 × 𝐿10ℎ [ℎ]
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Grease A/B: ≈ 220 kh
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Viscosity parameter OK, but could be higher
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3. ROLLING BEARING

Viscosity effect on friction torque loss

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

Rolling bearing power loss rig
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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
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OBRIGADO
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