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ABSTRACT 
Friction management in the railway industry is a well-established 
technology with the aim of optimizing the friction between wheel 
and rail. Determining the friction coefficient ( ) at the wheel-rail 
interface is therefore important especially for heavy haul lines 
with higher axel loads. This paper presents an initial study of the 
top-of-rail friction condition of a 30 ton axel load, Iron Ore line in 
the northern part of Sweden. The friction coefficient between the 
rail and a metal wheel of a portable Tribometer was measured at 
different geographical locations and during different 
environmental conditions. The effects of precipitation are studied 
and compared with the effects of top of rail friction modifiers. The 
measurements of not lubricated line sections showed values 
around 0.6 compared to 0.3 for areas with e.g. top-of- rail 
lubrication. During snowy conditions a decrease in friction could 
also be detected. 

Keywords 
Friction management, Friction measurement, Friction modifier, 
Heavy haul railway line  

1. INTRODUCTION 
Determining the coefficient of friction ( ) at the wheel/rail 
interface is an important diagnostic tool for the freight and transit 
industry. Application of friction management products to the top-
of-rail/wheel tread and lubricant products to the wheel flange/rail 
gauge interface is critical to ensure long-term benefits, such as 
increased rail life, reduced lateral forces, and reduced tread/flange 
wear in addition reductions in energy consumption and noise 
levels [1]. 

Trains operate within the desirable limitations imposed by the 
friction between the railway wheel and rail surfaces. Inadequate 
friction causes poor adhesion during braking, which is a safety 
issue as it exposed to extended stopping distances [2]. Inadequate 
friction is also a performance issue as it affects traction and thus 
limits the tangential force that can be developed in curving. 
Delays occur if a train passes over areas of poor adhesion while in 
service [2]. Because the tiny contact zone (roughly 1 sq. cm) 
where steel wheel meets steel rail is an open system, it is exposed 
to dirt and particles as well as natural lubrication such as 
humidity, rain and leaves. All of these can seriously affect the 
contact conditions and the friction forces in the contact. 
Acceleration and braking usually require a coefficient of friction 
(the ratio of the tangential load to the normal load) of about 0.2. 
However, modern power cars and locomotives demand a higher 
friction coefficient. The friction between the wheels and rail also 
plays a major role in other wheel-rail interface processes such as 
rolling contact fatigue (RCF), rail corrugation and noise 

generation. If the coefficient of friction is too high, most types of 
surface damage occur more frequently. Friction coefficients above 
0.4 increase the chance of surface fatigue of wheels and rail. 

 Friction and wear are related, there is no general correlation 
between the coefficient of friction and normalized wear rates. 
Tribosystems that have a lower coefficient of friction do not 
necessarily have a lower specific wear rate. Also, there can be 
large differences in the specific wear rates of systems that have 
approximately the same coefficient of friction. [3]. Variations in 
friction at this interface can cover a wide range of characteristic 
values and can be dramatically influenced by third-body layer 
conditions that are dependent on the influence of the environment 
(e.g. temperature, humidity, precipitation, sunlight) as well as 
foreign contaminants (either intentionally or unintentionally 
introduced) including sand, leaf mulch, brake shoe dust, lubricants 
and friction modifiers [4]. 

Over the past decades, materials for modifying friction in the 
wheel/rail interface have been evaluated in laboratories using 
either a rheometer (pin-on-disk) or the Amsler machine. In the 
field, the hand-pushed tribometer has been the most effective 
method of determining  for dry or conditioned rail/wheel 
interfaces. More recently, a high-speed production Tribometer 
(TriboRailer) was developed, adding its own interpretation to the 
estimates of  levels in the field. Because these various devices 
produce somewhat conflicting answers, questions have arisen 
concerning the accuracy of the ‘absolute’ measured friction 
reading both in the laboratory and field [1].  

2. FRICTION MANAGEMENT 
Friction Management is the process of controlling the frictional 
properties at the rail/wheel contact to reduce energy consumption, 
rail wear, lateral forces, environmental issues (noise and 
corrugations), skid flats, long brake distance, rolling contact 
fatigue and track structure degradation [1, 5]: 

• Lubrication of the gauge face of the rail to minimize friction, 
wear and curving resistance (μ between 0.1 and 0.25).  

• Provide an intermediate friction coefficient (μbetween 0.30 
and 0.35) at the top of the rail under trailing cars, to control 
lateral forces in curves and rolling resistance in both curved 
and tangent track.  

There is an expression that what gets measured gets managed, the 
friction is not an easily observable quantity, heavy haul railways 
that embark on a mandate for improve friction management need 
to measure rail and wheel wear, download energy consumption 
from locomotive and perhaps direct measure friction level with 
Tribometers to identify any gaps in optimal friction levels [6]. 
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3. FIELD MEASUREMENTS  
The Tribometer used in this study was designed and built by the 
British rail (BR) Research in Derby, England. This tribometer was 
developed to measure top of rail coefficient of friction in support 
of braking tests being conducted on new equipment [1]:  

 
Figure 1. Demonstration of hand-pushed Tribometer 

 

The BR Tribometer utilized gravity controlled loading where a 
standard weight on a lever arm placed a known load through a 
wheel onto the rail. The wheel was connected to a magnetic clutch 
so that under normal conditions, the wheel was free to spin the 
clutch. A manually adjusted variable resistor controlled (reduced) 
clutch slippage. As slippage was reduced, the resulting force was 
transferred to an analog weight scale. By increasing resistance of 
the clutch, longitudinal rolling resistance on the wheel was also 
increased. The friction at top-of-rail controlled the point at which 
the wheel would slip. Maximum adhesion was obtained at this 
point. The scale then showed the force at which wheel slippage 
occurred.  

 
Figure 2. Schematically diagram of Tribometer 

 

When the operator obtains a steady walking speed, the Tribometer 
starts a 3 to 5 second measurement sequence. At the end of this 
sequence, the coefficient of friction of the rail at desired location 
is displayed on the Tribometer’s digital readout on the head. After 
completing a measurement, the operator may continue to push the 
unit for additional measurement or stop pushing to manually 

record the information. The Tribometer will display the last valid 
measurement until it is turned off. The wheel speed is determined 
by measuring the duration of a pulse that is generated by an 
optical encoder, which is mounted on the support shaft for the 
measuring wheel. As the wheel speed increase, the duration or 
period of the pulse decreases. Proper wheel speed is accomplished 
by pushing the Tribometer along the rail at a normal walking pace 
(1.5ft/sec or 0.5m/sec minimum). With all initial conditions met, 
the main board’s central processing unit (CPU) will begin a six 
step test cycle by applying a ramping braking force to the 
measuring wheel. The braking force is provided by an 
electromagnetic brake that is attached to the measurement 
wheels* support shaft. An automatic ramping control circuit 
immediately senses the point at which wheel slippage occurs and 
automatically reduces the braking action to the measuring wheel 
to prevent the wheel from digging into the lubricant on the rail 
and generating artificially high friction readings [7]. The primary 
drawback of the BR Tribometer was that it could not be easily 
redesigned to measure friction on the gauge-face of a rail due to 
the lever/gravity load mechanism. Since the gauge-face side of 
rails can wear to a wide range of shapes and slopes, no common 
wheel angle could be specified. Subsequently, using the BR 
device would have required a lever system with infinite 
adjustments in order for a constant load to be maintained. The 
AAR (Association of American Railroads) embarked on a 
program to develop a top-of-rail and gauge-face Tribometer. The 
subsequent AAR prototype utilized the same friction measuring 
concept as the BR Tribometer. However, instead of a gravity 
loaded lever, a spring loaded pivot was used to obtain a linear 
force. Fine tuning of the vertical load or lateral load was 
controlled by the operator through an adjustment screw.  

4. CASE STUDY 
The Iron Ore Line (Malmbanan) is a 473 km long track section 
located in northern Sweden and has been in operation since 1903. 
This track section stretches through two countries, namely 
Sweden and Norway, and the main part of the track runs on the 
Swedish side, where the owner is the Swedish Government and 
the infrastructure manager is Trafikverket (the Swedish Transport 
Administration). The ore trains are owned and managed by the 
freight operator and mining company LKAB [8]. LKAB increased 
the axle load on Malmbanan line from 25 to 30 t and maximum 
speed of iron ore train from 50 to 60 km/h. This change is 
expected to result in higher track geometry degradation levels. In 
addition to iron ore transportation, the line is used for passenger 
trains and other freight trains. The passenger train speed from 80-
135 km/h. The track consists of UIC 60 rails and concrete 
sleepers. The ballast type is M1 (crushed granite), and the track 
gauge is 1435 mm [9].

The Iron Ore line region is subject to harsh climate condition: 
winter snowfall and extreme temperatures, ranging from -40o C in 
winter to +25o C in summer [10]. 

On the selected truck sections, section 119, Sävast and Norra 
Sunderbyn and section 111, Tornehamn, and Katterjåkk (see 
Figure 3). The criteria’s selected these locations, how is the 
friction condition on the iron ore line close and relatively far away 
from the top of rail (TOR) equipment. There is one TOR close to 
Sävast and two TOR close to Tornehamn iron ore line. 
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Figure 3. The Iron Ore line located in North Sweden and 
measurement places, Sävast, Norra Sunderby, Tornehamn 

and Katterjåkk 

5. RESULTS AND DISCUSSION 
The measurement results are presented in Figures 4 to 10.The first 
location friction coefficient measurement has taken in Sävast four 
different dates in different weather condition are shown in figures 
4 and 5, left and right rail friction coefficient respectively. During 
the measurements were performed the rail temperature, humidity 
and weather conditions are recorded as shown in Table 1. In 
Sävast there is one TOR lubrication between pole number 9 and 
10, however most of the rail line in this location the friction 
coefficient is higher than the desirable limit. As shown in figures 
4 and 5 the friction coefficient is very varied (0.2-0.72) depending 
on the rail temperature, humidity and other factors. On the final 
measurement date, (18 March 2014) the friction coefficient is 
higher than the previous dates of measurements and on this day 
the humidity was very low 58.5 as shown in Table 1,and the other 
reasons the friction coefficient is high variation on measurement 
dates (22 October 2013 and 11 November 2013) compare with 
last measurement date (18 March 2014) in Sävast was there some 
contamination on the rail when the first two measurement has 
taken. 

Figure 4. Friction coefficient of left rail Gamla Sävastvägen 

The second location measurement has been carried out in Norra 
Sunderbyn Knösenvägen approximately 8 km away from TOR 
equipment. Measurement has taken three times in different dates 
as shown in Figures 6 and 7 in different weather condition.  

Table 1. Summery of statistical friction coefficient 
measurement in different location 
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L
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22 Oct. 
2013 

Yes -10 82.5 0.33 0.05 0.37 0.05 

11Nov. 
2013 

Yes -11 90.5 0.39 0.10 0.42 0.10 

09Dec. 
2013 

Yes -22 80.1 0.36 0.12 0.45 0.14 

18Mar. 
2014 

yes -10 58.5 0.67 0.03 0.62 0.07 

         

L
2 

22 Oct. 
2013 

No -10 79.7 0.59 0.02 0.58 0.02 

11Nov. 
2013 

No -11 81.2 0.47 0.04 0.41 0.03 

18Mar. 
2014 

No -9 45.7 0.67 0.04 0.68 0.03 

L
3 

16 Oct. 
2013 

Yes -2 93.8 0.33 0.16 - - 

29 Oct. 
2013 

Yes -1 91.9 0.55 0.06 0.48 0.13 

         

L
4 

29Oct. 
2013 

No -2 93.2 0.52 0.1 0.58 0.08 

 

 
Figure 5. Friction coefficient of right rail Gamla Sävastvägen 
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Figure 6. Friction coefficient of left rail Norra Sunderby 

Figure 7. Friction coefficient of right rail Norra Sunderby 

The third location friction measurement has taken place in 
Tornehamn in two different dates, the first day (16 October 2013) 
is shown in Fig. 8 during the measurement it was snowing, as it 
can be seen in figure the friction measurements from the tunnel 
exit (Pole 89) to entrance of snow protection (Pole 103) are under 
the influence of snow which reduces the coefficient of friction. 
Inside the tunnel and the snow protection areas the effect of snow 
does not appear in the measurements and this can be observed 
clearly in Fig 8.  

Another measurement was carried out in the same location after 
15 days on (29 October 2014) it was a sunny day, the result as 
shown in Fig. 9 showed very high friction value recorded even 
though there are two TOR lubrication in this location near to (Pole 
No. 68 and 95). As seen in the Figures 8 and 9 in closed area that 
means inside the tunnel and snow protection the coefficient of 
friction is very higher than out in air between 0.4 and 0.7 this 
indicates that the friction value in closed area is higher.  
The fourth measurement is carried out in Katterjåkk 
approximately 20 km far away from TOR equipment. Between 
pole number 70 and 80 the friction coefficient was not measured. 
Most of the place along this line the friction coefficient is more 
than 0.45 as shown in Fig.10 During the measurement between 
pole number 65 and 75 t there was some water contamination 

which brought the friction coefficient value to very low value 
suddenly 

 
Figure 8. Friction coefficient of right rail Torenhamn 
 

 
Figure 9. Friction coefficient of left and right rail Torenhamn 

 

 
Figure 10. Friction coefficient of right and left rail Katterjåkk 
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