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Trams operate daily from 5:00 AM 

to 11:00 PM.
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Line 6

Line 12
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More than 22.6 million EU residents are exposed to noise 

emissions from rail transport.

Up to 6.5 million people living near transport corridors 

suffer from sleep disturbances.

Long-term exposure leads to 12,000 premature deaths 

and 48,000 cases of ischemic heart disease annually.
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Squeal

Noise

Lateral Displacement Wheel Flange Contact

▪ High pressure: 0.6–2.6 GPa

▪ High slip: < 8 %

▪ Target friction: f (µ) < 0.1 

▪ Flange lubrication

Top-of-Rail Contact

▪ Pressure: 0.5–1.5 GPa

▪ Slip: < 3 %

▪ Target friction: f (µ) ~ 0.2–0.4

▪ Top-of-rail friction modification
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Annual Cost of Wear:  

2B (USA)1

1.2B (China)2

Wear Due to High Slip Corrugation Rolling Contact Fatigue

1) The American Association of Railroads; 2) Jin et al. (2009); upper left: Vernaillen et al. (2023); lower left: Jin et al. 

(2009); middle left: railroadrails.com; middle right: Tsunashima et al. (2012); uppper right: Huang et al. (2018); lower right: 

Igwemezie Jude (2014)

Rail Grinding
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Annual Cost of Wear:  

2B (USA)1

1.2B (China)2

Wear Due to High Slip Corrugation Rolling Contact Fatigue

1) The American Association of Railroads; 2) Jin et al. (2009); upper left: Vernaillen et al. (2023); lower left: Jin et al. 
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„Solid sticks“ are used to address problems with 

noise and corrugation on the Vancouver SkyTrain.

lbfoster.com

Early 1990s 2000s 2016 20212017 2018
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Early 1990s 2000s 2016 20212017 2018

Off-board Application

On-board Application

Liquid-based Friction Modifiers
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Early 1990s 2000s 2016 20212017 2018

Categorisation of Top-of-Rail Products 

(TOR Products)

1) Friction Modifiers (Water-based)

2) TOR Lubricants (Oil/Grease-based)

3) TOR Hybrids (Both Water and Oil) 

Liquid Forms of TOR Products:
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Early 1990s 2000s 2016 20212017 2018

LUBRICANTS

FRICTION MODIFICATION

DRY RAIL
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TOR PRODUCTS

Friction Levels

Intermediate Friction (f ~ 0.2–0.4)

(wear and noise reduced without

low adhesion problems)

Dry Friction (f > 0.5)

(high wear and noise, but no 

problems with traction/braking)

Low Adhesion (f < 0.15)

(low wear and noise, problems 

with traction and braking)

1) Friction Modifiers (Water-based)

2) TOR Lubricants (Oil/Grease-based)

3) TOR Hybrids (Both Water and Oil) 

Categorisation of Top-of-Rail Products 

(TOR Products)

Liquid Forms of TOR Products:
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Slip

stick–slip 

oscillations

top-of-rail friction 

modification

Creep Curves
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Friction Levels

1) Friction Modifiers (Water-based)

2) TOR Lubricants (Oil/Grease-based)

3) TOR Hybrids (Both Water and Oil) 

TOR PRODUCTS

Categorisation of Top-of-Rail Products 

(TOR Products)

Liquid Forms of TOR Products:
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Early 1990s 2000s 2016 20212017 2018

LUBRICANTS

FRICTION MODIFICATION

DRY RAIL
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Friction Levels

1) Friction Modifiers (Water-based)

2) TOR Lubricants (Oil/Grease-based)

3) TOR Hybrids (Both Water and Oil) 

The Main Function of TOR Products

TOR PRODUCTS

Categorisation of Top-of-Rail Products 

(TOR Products)

Liquid Forms of TOR Products:
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Early 1990s 2000s 2016 20212017 2018

1) Friction Modifiers (Water-based)

2) TOR Lubricants (Oil/Grease-based)

3) TOR Hybrids (Both Water and Oil) 

Wheel

Wheel

Rail

Rail

High Friction

Wear 
Debris

D
ry
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Particles for Friction 
Modification (soft metals 

and their compounds)

Water

Wheel

Rail

Oil

Wheel

Rail

1)

2)

Solid 
Lubricants 
(Graphite, 

MoS₂)

Categorisation of Top-of-Rail Products 

(TOR Products)

Liquid Forms of TOR Products:

Particles for Friction 
Modification 

(mineral particles)
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Early 1990s 2000s 2016 20212017 2018

left: Hardwick et al. (2017); right: Maya-Johnson et al. (2017)

State of the Surface after the use of the TOR Lubricant Liquid-assisted Crack Propagation

Possible

drawbacks of TOR 

products
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Early 1990s 2000s 2016 20212017 2018

Water-based Friction Modifiers

Oil-based TOR Lubricants

Low Adhesion

Braking Distance Extended for 

up to 20 m

left and middle: Galas et al. (2017); right: Galas et al. (2018)

Possible

drawbacks of TOR 

products
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Early 1990s 2000s 2016 20212017 2018

„Start of my PhD 

Journey“

Original topic: 

Reducing Noise 

Emissions in 

Railway 

Transport
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Application Bar

TOR Product 

Tank

STATE OF THE ART

Interval-based application

▪ The TOR product is 

applied after every N 

vehicle passes

▪ The TOR product is then

carried by the wheel of 

the vehicle
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Application Bar

TOR Product 

Tank

STATE OF THE ART

Interval-based application

▪ The TOR product is 

applied after every N 

vehicle passes

▪ The TOR product is then

carried by the wheel of 

the vehicle

An interval-based application 

does not account for current 

track conditions or 

environmental factors.
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TOR Contact Is an Open

Interface

Humidity Dew Precipitation Iron Oxides   Leaves

Hardwick et al. (2014)

Low Adhesion

The effect of Dew and Iron Oxides

„Wet-Rail Phenomenon“

The effect of Water (Precipitation)

Chen et al. (2011)

CoA < 0.15

Galas et al. (2020)

The effect of Humidity and Dew

Dew 

Conditions
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FRICTION MODIFICATION

DRY RAIL
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Friction Levels

TOR PRODUCTS

Low Adhesion

On dry and clean rail, 

TOR products reduce 

friction but ensure 

sufficient adhesion.
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WATER

DRY RAIL
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Friction Levels

Low Adhesion

WATER + IRON OXIDES

Are TOR products able to provide sufficient adhesion even under contaminated conditions?

In reality, the rail is rarely

dry and clean…

Contamination 

influences the frictional

conditions
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THE RESEARCH GAP
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209
publications 

on TOR products

Friction

Wear

RCF

Water

Iron Oxides

Humidity

727
publications 

on contamination

8
relevant

publications 

includes both 

topics

Are TOR products able to provide sufficient adhesion even under contaminated conditions?

Existing studies rarely address these two topics together. TOR products are tested under laboratory-clean conditions 

or in the field, but typically on sunny days, and the effect of contamination is not taken into account.
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Prolonged

Retentivity

Lewis et al. (2012)

▪ Conditions: humidity, temperature and

iron oxides

▪ TOR product: water-based friction

modifier

▪ Setup: pin-on-disc tribometer, climate

chamber

Main Findings:

1) In a humid environment, evaporation

of the base medium is slowed down

and retentivity increases

2) Iron oxides disrupt the FM film and

increase friction
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Prolonged

Retentivity

Lewis et al. (2012)

▪ Conditions: humidity, temperature and

iron oxides

▪ TOR product: water-based friction

modifier

▪ Setup: pin-on-disc tribometer, climate

chamber

Main Findings:

1) In a humid environment, evaporation

of the base medium is slowed down

and retentivity increases

2) Iron oxides disrupt the FM film and

increase friction

Arias-Cuevas et al. (2010)

▪ Conditions: direct water application

▪ TOR product: two commercial water-

based FMs

▪ Setup: a twin-disc machine

Main Findings:

1) Direct water application caused a drop

of CoA below 0.1

2) However, the tested products contained

particles for traction enhancement,

which is not typical for FMs

Water Caused a Drop of CoA
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Prolonged

Retentivity

Lewis et al. (2012)

▪ Conditions: humidity, temperature and

iron oxides

▪ TOR product: water-based friction

modifier

▪ Setup: pin-on-disc tribometer, climate

chamber

Main Findings:

1) In a humid environment, evaporation

of the base medium is slowed down

and retentivity increases

2) Iron oxides disrupt the FM film and

increase friction

Arias-Cuevas et al. (2010)

▪ Conditions: direct water application

▪ TOR product: two commercial water-

based FMs

▪ Setup: a twin-disc machine

Main Findings:

1) Direct water application caused a drop

of CoA below 0.1

2) However, the tested products contained

particles for traction enhancement,

which is not typical for FMs

Water Caused a Drop of CoA

Seo et al. (2018)

▪ RCF Test

▪ TOR product: TOR hybrid (both water and

oil)

▪ Setup: a twin-disc machine

Main Findings:

TOR hybrid caused severe RCF as a result of

the combination of high tangential forces and

liquid-assisted crack propagation.

Surface after 200 000 cycles, Severe Spalling



RESEARCH GAP

The performance of TOR products under contaminated conditions has barely been 

investigated, and the few studies that exist focus almost exclusively on water-based

products and adhesion.
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AIM OF THE THESIS

The thesis aims to explore the effect of environmental contamination 

on the performance of TOR products, with scope and conditions 

defined by the three scientific questions. 



SCIENTIFIC QUESTIONS
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SCIENTIFIC QUESTIONS

Friction Modifier

TOR Lubricant
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CONDITIONS TOR PRODUCT BEHAVIOUR

Water

Humidity/Dew

Iron Oxides

Adhesion

Wear

Rolling Contact Fatigue
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Friction Modifier

TOR Lubricant
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CONDITIONS TOR PRODUCT BEHAVIOUR

Water

Humidity/Dew

Iron Oxides

Adhesion

Wear

Rolling Contact Fatigue

Q1: How does water contamination influence the ability of TOR products to modify 

friction?
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Friction Modifier

TOR Lubricant
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CONDITIONS TOR PRODUCT BEHAVIOUR

Water

Humidity/Dew

Iron Oxides

Adhesion

Wear

Rolling Contact Fatigue

Q1: How does water contamination influence the ability of TOR products to modify 

friction?

Q2: How does the performance of TOR lubricants change with increasing ambient 

humidity and under dew conditions? 
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Friction Modifier

TOR Lubricant
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CONDITIONS TOR PRODUCT BEHAVIOUR

Water

Humidity/Dew

Iron Oxides

Adhesion

Wear

Rolling Contact Fatigue

Q1: How does water contamination influence the ability of TOR products to modify 

friction?

Q2: How does the performance of TOR lubricants change with increasing ambient 

humidity and under dew conditions? 

Q3: How do TOR products affect wear and rolling contact fatigue in the presence of 

oxide layers under wet conditions? 
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THE EFFECT OF WATER CONTAMIANTION
THE FIRST SCIENTIFIC QUESTION



MATERIALS AND METHODS

THE EFFECT OF WATER CONTAMINATION
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C

o
A

Time

INTERMEDIATE FRICTION

LOW ADHESION (BELOW 0.1)

DRY CONTACT

Run-in

Application of the 

TOR product

Mini-Traction Machine 

(MTM2)

AISI 52100   0.8 GPa   1 m/s   SRR 2%   1x FM   2x TOR Lubricant

A typical friction curve for the 

TOR product

Tested hypothesis: Water will shift the balance between the solid and liquid phases of TOR products 

in favour of a stronger lubricating effect.
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THE EFFECT OF WATER CONTAMINATION
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Mini-Traction Machine 

(MTM2)

AISI 52100   0.8 GPa   1 m/s   SRR 2%   1x FM   2x TOR Lubricant

Tested hypothesis: Water will shift the balance between the solid and liquid phases of TOR products 

in favour of a stronger lubricating effect.

C
o
A

Run-in

Application of the 

TOR product
Application of Water

The Lowest CoA

Low Adhesion 

Duration

Water was applied at three distinct time points: during 

the initial lubricant drop, in the intermediate friction zone, 

and under starved lubrication conditions.
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THE EFFECT OF WATER CONTAMINATION
RESULTS

TOR Lubricants Friction Modifier



D O C TO R A L D E F E N C E 41

THE EFFECT OF WATER CONTAMINATION
RESULTS

With the increase in the 

water amount, the CoA

reaches a lower minimum.
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THE EFFECT OF WATER CONTAMINATION
RESULTS

Contamination of TOR 

lubricants by a large 

amount of water resulted in 

a long-lasting period of low 

adhesion.
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THE EFFECT OF WATER CONTAMINATION
RESULTS

However, contamination by 

a large amount of water 

leads to an immediate

increase in CoA to dry 

levels.

With the increase in the 

water amounts (to 

some extent), the CoA

reaches a lower

minimum.



THE EFFECT OF WATER CONTAMINATION
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RESULTS

Quick Summary and Conclusions

▪ TOR Lubricant on „wet rail“ most likely results in low adhesion problems

▪ FMs on „wet rail“ decrease in friction, wet-rail phenomenon

▪ FMs under „rain conditions“ unable to control friction, any effect is lost

TOR Lubricant on „wet rail“ FM on „wet rail“ FM under „rain conditions“
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RESULTS

Quick Summary and Conclusions

How to assess the performance of TOR products?

Based on the monitoring of CoA

But the thesis aims to describe changes in the performance, so…

▪ TOR Lubricant on „wet rail“ most likely results in low adhesion problems

▪ FMs on „wet rail“ decrease in friction, wet-rail phenomenon

▪ FMs under „rain conditions“ unable to control friction, any effect is lost
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METHODOLOGIES AND STANDARDS

Early 1990s 2000s 2016 20212017 2018

„Start of my PhD 

Journey“
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Early 1990s 2000s 2016 20212017 2018

„Start of my PhD 

Journey“ 

Also, the first standard on the TOR 

product testing was published:

CEN/TS 15427–2-2
Railway applications -
Wheel/Rail friction 

management - Part 2–2: 
Properties and 

Characteristics Top of Rail 
materials

2021

METHODOLOGIES AND STANDARDS
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CEN/TS 15427–2-2
Railway applications -
Wheel/Rail friction 

management - Part 2–2: 
Properties and 

Characteristics Top of Rail 
materials

2021

Early 1990s 2000s 2016 20212017 2018

„Start of my PhD 

Journey“ 

Also, the first standard on the TOR 

product testing was published:

A Benchmarking Methodology for Top-

of-Rail Products 

METHODOLOGIES AND STANDARDS
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CEN/TS 15427–2-2
Railway applications -
Wheel/Rail friction 

management - Part 2–2: 
Properties and 

Characteristics Top of Rail 
materials

2021

Early 1990s 2000s 2016 20212017 2018

Also, the first standard on the TOR 

product testing was published:

A Benchmarking Methodology for Top-

of-Rail Products 

+

-

A robust multi-parameter approach

Time-consuming

A Comparison of both Methodologies:

METHODOLOGIES AND STANDARDS
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METHODOLOGIES AND STANDARDS

Performance parameters:

C – Critical Traction

I – Intermediate Traction

R – Retentivity

Based on these parameters, 

the over-lubrication factor

(OLF) is calculated.

OLF and I are used to 

construct a performance 

map divided into four

performance classes, 

Q1-Q4

THE DEVELOPED METHODOLOGY

Stock et al. (2016)
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AISI 52100   0.8 GPa   1 m/s   SRR 0–20%   

2x TOR Lubricant   RH levels: 34%; 70%; 100%

METHODOLOGIES AND STANDARDS
THE DEVELOPED METHODOLOGY

Tested Hypothesis: Humidity has a negligible 

effect until the dew point is reached.
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THE EFFECT OF HUMIDITY AND DEW
THE SECOND SCIENTIFIC QUESTION
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THE EFFECT OF HUMIDITY AND DEW
RESULTS

Per one dosage, 2-3 creep curves were measured without any risk of low 

adhesion.

Standard performance of TORL-A

RH = 35%, ambient temperature

OLF:

1 = Ideal Performance

0 = Overlubrication

0.79 = Very Good
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THE EFFECT OF HUMIDITY AND DEW
RESULTS

RH = 35%, ambient temperature

Prolonged

Period of 

Intermediate 

Friction

A slight positive effect of humidity was 

observed, but with reduced repeatability.

Performance of TORL-A in Humid Environment
0.76 = Very Good

OLF:

1 = Ideal Performance

0 = Overlubrication
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THE EFFECT OF HUMIDITY AND DEW
RESULTS

Water changed the trend 

of some creep curves to 

negative.

RH = 35%, ambient temperature

Performance of TORL-A 

under Dew Conditions

0.52 = Sufficient

Prolonged

Period of 

Intermediate 

Friction

Period of Low 

Adhesion

OLF:

1 = Ideal Performance

0 = Overlubrication
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THE EFFECT OF HUMIDITY AND DEW
RESULTS

Water changed the trend 

of some creep curves to 

negative.

RH = 35%, ambient temperature

Performance of TORL-A 

under Dew Conditions

0.52 = Sufficient

Stock et al. (2016)

OLF:

1 = Ideal Performance

0 = Overlubrication
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THE EFFECT OF HUMIDITY AND DEW
RESULTS

RH = 35%, ambient temperature

Performance of TORL-A 

under Dew Conditions

0.29 = Very Bad

Long-lasting Period of 

Low Adhesion

OLF:

1 = Ideal Performance

0 = Overlubrication
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THE EFFECT OF HUMIDITY AND DEW
RESULTS

The Performance Map

Humidity and small

amounts of water may

have a slightly positive

effect on the 

performance, as it

increases retentivity.

However, higher water 

amounts come at the 

cost of a prolonged low-

adhesion period, which 

may result in a lower 

performance category.
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THE MECHANISMS OF OVER-LUBRICATION
THE FIRST AND THE SECOND SCIENTIFIC QUESTION



THE MECHANISMS OF OVER-LUBRICATION
TOR LUBRICANTS, WATER AND DEW
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C
o

A

Time

INTERMEDIATE FRICTION

LOW ADHESION

DRY CONTACT

Application of the 

TOR product A typical friction curve

for the TOR product

I. Initial Drop after Application

II. Product 

in Effect

III. Starved Contact



THE MECHANISMS OF OVER-LUBRICATION
TOR LUBRICANTS, WATER AND DEW
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Better separation of surfaces and higher contact 

replenishment. 

C
o
A

Time

INTERMEDIATE FRICTION

LOW ADHESION

DRY CONTACT

Application of the 

TOR product A typical friction curve

for the TOR product

I. Initial Drop after Application

II. Product 

in Effect

III. Starved Contact

I. Initial Drop after Application:



THE MECHANISMS OF OVER-LUBRICATION
TOR LUBRICANTS, WATER AND DEW
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C
o
A

Time

INTERMEDIATE FRICTION

LOW ADHESION

DRY CONTACT

Application of the 

TOR product A typical friction curve

for the TOR product

I. Initial Drop after Application

II. Product 

in Effect

III. Starved Contact

II. Product in Effect:

Grease absorbs

water

Higher contact 

replenishment

Thicker

lubricating film

Oil-bleeding,

Lower viscosity



THE MECHANISMS OF OVER-LUBRICATION
TOR LUBRICANTS, WATER AND DEW
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C
o
A

Time

INTERMEDIATE FRICTION

LOW ADHESION

DRY CONTACT

Application of the 

TOR product A typical friction curve

for the TOR product

I. Initial Drop after Application

II. Product 

in Effect

III. Starved Contact

III. Starved Contact:
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THE EFFECT ON WEAR AND RCF
THE THIRD SCIENTIFIC QUESTION



THE EFFECT ON WEAR AND RCF
MATERIALS AND METHODS
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U71Mn (rail) C-Class (wheel) 1.1 GPa   1.5 m/s   slip 2%  

1x TOR Lubricant 1x Friction Modifier

The TOR product was applied when

CoA = 0.3 was reached. Water was applied at a rate of 1 drop/s.

Tested Hypothesis: TOR lubricant will behave 

similarly to TOR hybrid under wet conditions, resulting 

in increased RCF due to high friction.



THE EFFECT ON WEAR AND RCF
RESULTS
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Dry 

5 000

Dry 

25 000
FM

TOR 

Lubricant
Water FM

TOR 

Lubricant
Water

FM 

+ Water

TOR Lubricant 

+ Water



THE EFFECT ON WEAR AND RCF
RESULTS
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Dry 

5 000

Dry 

25 000
FM

TOR 

Lubricant
Water FM

TOR 

Lubricant
Water

FM 

+ Water

TOR Lubricant 

+ Water

TOR products were effective in reducing

wear in comparison with unlubricated

conditions. 



THE EFFECT ON WEAR AND RCF
RESULTS

D O C TO R A L D E F E N C E 68

Dry 

5 000

Dry 

25 000
FM

TOR 

Lubricant
Water FM

TOR 

Lubricant
Water

FM 

+ Water

TOR Lubricant 

+ Water

Water caused massive

material removal and 

delamination.
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Dry 

5 000

Dry 

25 000
FM

TOR 

Lubricant
Water FM

TOR 

Lubricant
Water

FM 

+ Water

TOR Lubricant 

+ Water

Water caused massive

material removal and 

delamination.

Liquid-assisted Crack Propagation

Hydrostatic

pressure

Kaneta et al. (1987)
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Dry 

5 000

Dry 

25 000
FM

TOR 

Lubricant
Water FM

TOR 

Lubricant
Water

FM 

+ Water

TOR Lubricant 

+ Water

Unlike TOR lubricant, FM 

could not maintain its 

function in wet conditions.
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Dry 

5 000

Dry 

25 000
FM

TOR 

Lubricant
Water FM

TOR 

Lubricant
Water

FM film is easily

removed by 

water, and thus, 

in case of 

contamination, 

the surface

remains 

unprotected.

Unlike TOR lubricant, FM 

could not maintain its 

function in wet conditions.

FM 

+ Water

TOR Lubricant 

+ Water

RESULTS
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RESULTS
After-test Surface Images

Friction Modifier

(Dry Conditions)

TOR Lubricant

(Dry Conditions)

Water

Friction Modifier 

(Wet Conditions)

TOR Lubricant 

(Wet Conditions)
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RESULTS
After-test Surface Images

Rail Grinding

Friction Modifier

(Dry Conditions)

TOR Lubricant

(Dry Conditions)

Water

Friction Modifier 

(Wet Conditions)

TOR Lubricant 

(Wet Conditions)
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RESULTS
After-test Surface Images

Friction Modifier

(Dry Conditions)

TOR Lubricant

(Dry Conditions)

Water

Friction Modifier 

(Wet Conditions)

TOR Lubricant 

(Wet Conditions)
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RESULTS

Although there was 

almost no material loss

under the TOR 

lubricant in wet 

conditions, large

cracks were spotted on 

the surface.

Friction Modifier 

(Wet Conditions)

TOR Lubricant 

(Wet Conditions)
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RESULTS

Out of all tests, the 

TOR lubricant under 

wet conditions led to 

the development of 

the deepest cracks.

Dry conditions TOR Lubricant

TOR Lubricant in Wet Conditions

THE EFFECT ON WEAR AND RCF
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RESULTS

Out of all tests, the 

TOR lubricant under 

wet conditions led to 

the development of 

the deepest cracks.

Liquid-assisted Crack Propagation

„Competition“ between Wear and Crack Growth

Hydrostatic

pressure

upper: Donzella et al. (2005); lower: Kaneta et al. (1987)
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THE ROLE OF OXIDES
EXCLUDED FROM THE ONLINE VERSION AS IT IS CURRENTLY UNDER REVIEW
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THE EFFECT OF CONTAMINATION ON FRICTION 

MODIFICATION



THE EFFECT OF CONTAMINATION ON FRICTION MODIFICATION

Intermediate 
Friction

Reduction of 
Surface Damage

Effect on Crack 
Propagation

Resistance to 
Over-lubrication

Resistance to 
Contamination

Operational 
Safety

Friction Modifiers

1
2

3

5
4

TOR Lubricants

Intermediate 
Friction

Reduction of 
Surface Damage

Effect on Crack 
Propagation

Resistance to 
Over-lubrication

Resistance to 
Contamination

Operational 
Safety

1
2

3

5
4

Dry and Clean Rail Light Moisture (humidity, dew) Water (precipitation)

Contamination scenarios:

1 = the worst (e.g. severe wear); 5 = the best (e.g. virtually no wear)
The scale is illustrative only and serves to indicate qualitative trends. No weighting between individual criteria is implied.

D O C T O R A L  D E F E N C E 80



THE EFFECT OF CONTAMINATION ON FRICTION MODIFICATION

„For friction modifiers, contamination is a matter of cost. 
For TOR lubricants, it's a matter of safety.“

THE MAIN TAKEAWAY
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Back to my Personal Motivation:
Trams will most likely continue to squeal…
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THE EFFECT OF CONTAMINATION ON FRICTION MODIFICATION

▪ Equip applicators with RH, 
temperature, dew point, 
and precipitation sensors

▪ Suspend or reduce 
application when thresholds 
are exceeded

PRACTICAL IMPLICATIONS

Application Bar

TOR Product Tank

Weather-dependent Application
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THE EFFECT OF CONTAMINATION ON FRICTION MODIFICATION

PRACTICAL IMPLICATIONS

▪ Equip applicators with RH, 
temperature, dew point, 
and precipitation sensors

▪ Suspend or reduce 
application when thresholds 
are exceeded

Weather-dependent Application

▪ The methodology can be 
used to develop TOR products 
that perform effectively 
under contaminated 
conditions.

New-generation TOR Products

Braking Test

Research pathway: from laboratory to field application.
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THANK YOU!

Šimon Skurka

Simon.Skurka@vut.cz


