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Abstract 

The purpose of this work is to investigate the possible causes of wheel squeal on Roslagsbanan, a 

narrow gauge (891mm) suburban railway system in Stockholm, Sweden. Simulation of the dynamic 

behaviour of vehicles negotiating curves was carried out by means of the Swedish multibody 

simulation software GENSYS [1]. 

Wheel squeal may arise due to insufficient radial steering capability of the vehicles in curves causing 

too high levels of creep (relative sliding) in the wheel/rail-contact. Based on this theory, an advanced 

model of the creep-creep force relation was introduced. In this model the creep force decreases after 

creep reaches a certain level, called critical creep. It is believed that wheel squeal occurs after the 

creep level exceeded the critical creep value. 

Measured rail profiles of the curve together with measured wheel profiles were used as wheel/rail 

geometry input data. Other interesting parameters for the simulations, such as friction coefficient, 

primary suspension stiffness and damping, vehicle speed, braking/acceleration were varied and their 

effects on the outcome were tested.  

Worn wheels on newly grinded and worn rails under dry conditions are most likely to generate curve 

squeal. We believe the long term solution for Roslagsbanan is to grind the rail profiles into a shape 

more similar to the 50E3 with inclination 1/40. This will give a more even wheel wear over the whole 

wheel surface. However, curves below ca 300 m cannot be negotiated without wheel squeal, why all 

curves on the track tighter than ca 300 m have to be lubricated. 
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1. Background 

SL (AB Storstockholms Lokaltrafik) is actively working on reducing disturbances due to train traffic 

induced noise along suburban railway lines, with the long-term commitment that the whole of SLs 

track system should manage to meet noise limits for new and rebuilt railway infrastructure according 

to Swedish law and regulations. An important mean of achieving this goal is gradually changing the 

vehicle fleet to new and quieter vehicles. This will not, however, provide sufficient noise reduction, 

and further measures will be required. Depending on the root cause and the limiting conditions, it may 

mean that a single method or several different methods need to be introduced. 

In order to identify, evaluate and create knowledge about different options a number of methods have 

been evaluated. The different methods studied range from changing brake blocks made by cast iron to 

such made of composite materials, introduction of friction modifiers in the top of rail-wheel tread 

contact, wheel and rail dampers, vehicle skirts covering the complete underneath of the vehicles down 

to approximately the top of rail level and low noise barriers mounted close to the track/vehicles. 

To estimate the disturbances to the surrounding areas due to train traffic induced noise SL performs 

noise mapping calculations. The calculated noise distribution does not, however, take in to account 

wheel squeal (nor noise caused by wheel flange-rail gauge corner contact, wheel flats or local 

disturbances in the wheel tread-rail head contact). Wheel squeal noise is very often the most disturbing 

noise source of a railway system. The current situation with frequent wheel squeal on Roslagsbanan, a 

narrow gauge (891mm) suburban railway system in Stockholm, Sweden, has caused a lot of 

complaints from passengers and residents near the railway lines. Additional methods have been used 

to estimate the occurrence and level of wheel squeal noise. These methods consisted of both mapping 

the entire track system of Roslagsbanan by means of vehicle mounted microphones and longtime noise 

measurements on selected sites. 

Wheel squeal may arise due to insufficient radial steering capability of the vehicles in curves causing 

too high levels of creep (relative sliding) in the wheel/rail-contact. Since the curving performance is 

strongly affected by the longitudinal stiffness of the primary suspension, the wheel/rail-profiles and 

the friction in the wheel/rail-contact, the influence of these parameters on the creep has been studied. 

The study has been performed by means of vehicle system dynamic calculations. To create a 

mathematical model of the vehicle, known data from technical descriptions have been used in 

combinations with measured and estimated data.  Since the longitudinal stiffness of the primary 

suspension and the actual wheel/rail-profiles are essential they have been measured. As a comparison 

also nominal data has been used. The friction in the wheel/rail-contact is also of great importance but 

has not been measured, instead different situations and friction levels have been estimated and used in 

a parameter study. The work regarding wheel squeal related to curving performance and wheel/rail-

friction has been performed in collaboration between KTH, AB DEsolver and SL. 
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2. Methodology 

In this chapter, methods used in this thesis work will be described. Then a brief introduction of 

creepage that occurs in the contact area between wheel and rail during rolling motion will be given, as 

well as different theories of tangential problems. Furthermore, details of Polach’s model [2] will be 

presented.  

2.1 Creepage and wheel squeal 

2.1.1 Creepage 

Creepage arises if the wheelset is not rolling ideally on the track but give rise to sliding in the contact 

areas. Sliding or creepage more or less always exists in railway vehicles. This sliding will in turn 

cause creep forces which besides the creepage, depend also on the wheel-rail geometry, material and 

normal forces. 

The sliding velocity between wheel and rail in the contact zone is called creep or creepage. It is 

defined as the relative velocity divided by the rolling velocity. The sliding velocity is divided into 

three components, a longitudinal creepage, a lateral creepage and an angular velocity around an axis 

normal to the contact area. Longitudinal creepage and lateral creepage are defined as the average 

sliding velocities divided by the vehicle speed, spin creep, on the other hand is defined as the angular 

sliding velocity divided by the vehicle speed. The total creepage is the vectorial sum the longitudinal 

and lateral creepage. 

Longitudinal creepage        
  

        
         [-]                                           (2-1) 

Lateral creepage                 
  

        
         [-]                                           (2-2) 

Spin creepage                                       [1/m]                                       (2-3) 

Sliding velocities, creepage and creep forces are defined in a local coordinate system fixed to the 

contact points, with three directions called ξ – η – ζ, where ξ is positive in the rolling direction of the 

vehicle, η is perpendicular to the travel direction and is in the contact plane and ζ is perpendicular to 

the contact patch. The coordinate system is shown in Figure 2-1. 

 

Figure 2-1  Coordinate system for wheel profile and for the contact surface [9]. 
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2.1.2 Creep-creep force relationship 

Creep forces, as already mentioned, are a function of creep and spin in the contact area and arise in the 

tangential plane. The relationship between creepage and creep force is a nonlinear function with the 

maximum value of µN, the product of friction coefficient and normal force. The relationship can be 

regarded as linear when the creepage is assumed to be small (near the origin), which can be seen in 

Figure 2-2. When there is no creepage or spin there are also no friction forces [3]. 

 

 

Figure 2-2 Creep force as function of creepage [3] 

 

The contact area can be divided into an adhesion region and a slip region. When the resultant creep 

force is smaller than the normal force times the friction coefficient, sliding will only occur in a part of 

the contact area. When the resultant force in the contact area equals µN, there will be a pure sliding 

motion, see Figure 2-3. 

 

Figure 2-3 Adhesion and slip regions of the contact area [3]. 
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2.1.3 Wheel squeal  

The physical cause of wheel squeal is found in the structural vibration of the wheel when negotiating 

curves. This unstable vibration is generated by a ‘‘stick-slip mechanism’’:  

The creep force in the contact area is a mixed resultant force in the adhesion and slip region as shown 

in Figure 2-3. The adhesion force tends to make the wheel stick to the rail and the slip force tends to 

make the wheel slide. The sliding force increases until it reaches the level to break static friction, and 

the wheel starts to slide. The sliding friction is generally smaller than the static friction, and so the 

wheel continues to slide until the force that caused the sliding drops to the sliding friction value. Then 

static friction builds up, the wheel sticks again. Thus, sticking and sliding occur in rapid succession.  

This unstable stick-slip behavior in creepage causes the wheel to oscillate and radiate loud annoying 

squeal noise. It usually occurs when vehicles negotiate small curves, where the creepage is usually 

high in the contact areas between wheel and rail, especially for the front wheels because of the high 

angle of attack when entering the curves. See Figure 2-4. 

 

Figure 2-4 Wheelset in curve 

Experiments by Bleedorn and Johnstone [4] have shown that flange rubbing alone will not produce 

squeal. In fact, flange contact can actually reduce squeal noise levels, so it is mainly the inner front 

wheel that squeals. This is confirmed by experiments by Stappenbeck [5].  

The rails structural vibration also contributes to wheel squeal but to a much smaller extent compared 

with wheels. And this vibration is due to instability introduced by the wheel/rail contact forces. 

2.1.4 Wheel squeal models 

In most vehicle dynamics simulation packages, algorithms calculating the tangential wheel–rail forces 

are based on a constant static friction coefficient. However, it is well known that the sliding friction 

coefficient is smaller than the static value. Owing to this falling characteristic, the creep force falls as 

creepage increases above a certain value. The creep-creep force curves for both constant and falling 

friction coefficient are shown in Figure 2-5. The sliding friction coefficient is depending on the sliding 

velocity between two bodies in contact. 

The theory of rolling contact shows that there are stick and slip regions present in the contact patch. 

This suggests that the constant friction coefficient should be applied to the stick region and the falling 

friction coefficient to the slip region. The local sliding varies across the slip region of the contact patch 
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and the trailing part of the slip zone has a larger slip than the leading part. Only a detailed contact 

model can take into account a sliding-dependent friction.  

 

Figure 2-5 The creep-creep force curves for both constant and falling friction coefficient [9]. 

There are a number of different theories to calculate the creep forces. The basic and most simple one is 

Kalker’s linear theory. It is a well-established theory for relations between tangential forces in the 

contact area and creepage. 

However, there are two major assumptions in Kalker’s theory which are not satisfied in respect to 

wheel squeal noise. The first assumption is a constant sliding friction coefficient. When creepage is 

small, the use of a constant friction coefficient is valid for vehicle dynamics simulation, since the 

creep force is in the increasing region. However, wheel squeal is usually found at higher creepage, in 

the non-linear region. The other one is that Kalker assumed the phenomena of contact mechanics may 

be regarded in steady state. This assumption is valid only for low frequency motions vehicle dynamics 

on straight track and ideal conditions in curves, but not for high-frequency vibrations which causes 

squeal noise in curves. 

It is essential to introduce a theory that can represent the creep-creep force function for curving 

behavior. Thus various non-linear theories or methods were developed based on Kalker’s linear theory 

to calculate the creep forces even outside the linear region.  

One of the models is presented by Rudd [6], In the model, the stick-slip mechanism is described by a 

negative damping coefficient that varies with vibration amplitude. The model is used to predict the 

intensity of wheel squeal as a function of train speed, curve radius and bogie length. This model was 

further developed by Ruiten [7] by including wheel load, friction properties and wheel damping in the 

predicting function of wheel squeal. However, the model can only be used for stable amplitude squeal, 

the time variant boundary condition in the wheel rail interface is rather complicated and provides 

instability in amplitude and frequency. 

A model of wheel squeal has been presented by Fingberg [8] which describes the entire path from the 

excitation to the human ear. Based on the extensions of Kalker’s theory, the model of rolling contact 

in this model might be a quite rough approach to reality. Thus, an improved theory of non-linear 

rolling contact is desirable. It has also been pointed out that any predictions of squealing noise are 

impossible without an accurate inclusion of the sound radiation characteristics of the railway wheel. 
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G.Xie [9] presented a method of introducing a falling friction coefficient into curving simulations for 

studying wheel squeal noise. In his model, the wheel/rail tangential force in the curving simulation is 

calculated by a modified version of FASTSIM, which uses a sliding velocity-dependent friction 

characteristic.  

Polach [2] has developed a method which takes into account the falling friction coefficient. He has 

interpreted this phenomenon theoretically and given an analytical approximation to measured friction 

characteristics. In this study, Polach’s approximation is adopted in the simulation. See Equation (2-4) 

below. 

A typical shape of the measured creep-creep force relationship for large creep is shown as dotted curve 

in Figure 2-6, however for more advanced modeling like the model from Polach’s approximation, the 

relative creep force depends on the vehicle speeds, which is shown as solid curves in Figure 2-6. At 

the maximum of the function, the so called adhesion optimum, as indicated in Figure 2-6, the creep, 

creep force begins to decrease. The creep level at this adhesion optimum is called critical creep, as 

shown in Figure 2-6. It can be observed that behind this maximum, creep forces decrease as creep 

levels increase. The critical creep can be used as a main index showing the probability of wheel squeal 

occurrence.  

 

 

Figure 2-6 Creep force - creep function curves [8] 

 

It is believed that squeal noise occurs when creep is in negative relationship with creep forces, which 

can be regarded as negative damping that causes wheels to oscillate to generate the squeal noise. In 

other words, the friction coefficient is decreasing with increasing creeps between wheel and rail. This 

creep force law can be modeled by the following equation, which can be found in [2]: 

                                                                                                                                  (2-4) 

where A is the ratio of friction coefficient at infinity slip velocity    to the static coefficient   , B is 

the coefficient of exponential friction decrease (s/m) and   is the slip velocity between rail and rail 

(m/s). 

Based on this law, the typical creep force-creep function is plotted corresponding to various slip 

velocities, shown as solid curves in Figure 2-6.  

Adhesion  
optimum 

Critical 
creep 
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For the Roslagsbanan train, simulation result data was used to plot creep force-creep function curves 

based on Equation (2-4). Since the vehicle speed is usually around 70 km/h, the creep force-creep 

function curve and adhesion optimum was identified. The corresponding critical creep for the 

Roslagsbanan train was around 8‰. 

This critical creep can be used later in the total creep-curve radius diagram to identify the critical curve 

radius for wheel squeal. This means that if trains negotiate curves tighter than the critical radius, they 

are most likely to generate wheel squeal for the actual operational parameters. 

 

2.2 Simulation procedure 

The intention with the proposed simulation procedure is that the methodology is applicable to simulate 

Roslagsbanan trains passage through curves where wheel squeal occurs. The methodology is 

illustrated in the flow chart in Figure 2-7. 

 

 

Figure 2-7  Flow chart of the methodology for simulation 

 

        Low 

       High 
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The simulation is started with measurements of the rail profiles of the curves that are to be 

investigated. Together with measured wheel profiles of the Roslagsbanan train, these profiles were 

used as input data to the KPF pre-processor program (KPF is the Swedish abbreviation for contact 

point function) in the Swedish multi-body simulation software GENSYS [1]. In the contact point 

function, equivalent conicity and radial steering index (RSI) [1] are calculated as evaluation index of 

wheel-rail combinations. 

 The simulation set describes the traffic the track in question will be exposed to, including the most 

interesting parameters for the simulations, such as friction coefficient, vehicle data, vehicle speed, 

braking/acceleration. The choice of simulation set will be supported by a parametric study, where 

important parameters will be varied and their effect on the outcome will be tested. The purpose of a 

parametric study is to explore the relative importance of the parameters and limit the number of 

simulations and thus save simulation time. 

The track-vehicle simulations are based on models of the track and the vehicle, determined by the 

necessary track and vehicle data, as well as modeling of the wheel-rail contact.   

Creepage levels on inner wheels will be calculated as an indicator of the risk for wheel squeal.  

 

3. Measurements 

This chapter describes different measurements that have been done to obtain the actual input data for 

simulations and to provide data for validation of the method. These include the wheel rail profile 

measurements, primary suspension measurements and noise mapping. Examples of measurement 

results will be presented in this chapter, more detailed measurements results can be found in Appendix 

A and References [15], [16] and [17]. 

3.1 The vehicle 

The trains operated on Roslagsbanan today consist of three types of cars: the motor car X10p, the 

maneuver car UBxp and the middle car UBp, see Figure 3-1. The present trains were manufactured by 

ABB Railcar in Sweden (nowadays Bombardier) and delivered during 1988–1995. The vehicle is built 

for a maximum speed of 80km/h and the vehicle fleet at the present time comprises 35 vehicles for 

each type of cars. Additional data can be found in Table 3-1. 
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Table 3-1 Basic technical data of Roslagsbanan vehicle [10] 

Length of vehicle 19.9 m 

Width 2.6 m 

Height 3.5m 

Car weight (Motor/Maneuver/Middle 

Car) 
26.2 t /16.8 t/15.8 t 

Seated passengers 

(Motor/Maneuver/Middle Car) 
72 / 76 / 80 

 

 

Figure 3-1 The Roslagsbanan train 

 

Figure 3-2 Motor car X10p that operates on Roslagsbanan [10]. 
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The motor car X10p is a vehicle with two motor bogies. The bogies have conventional wheel sets with 

gauge of 891mm and are equipped with two air cooled, self ventilated AC motors and block brakes, 

see Figure 3-3. 

 

Figure 3-3 Motor bogie on Roslagsbanan train [10] 

 

The maneuver car UBxp is equipped with two trailer bogies, with block brakes. At one end of the 

vehicle, a driver’s cabin is installed to enable driving in both directions. 

The middle car UBp is also equipped with trailer bogies. In general, middle cars have the same 

technical specification as with maneuver car without driver’s cabin.  

A train set that consists of a motorcar, a middle car and a maneuver car is used under normal traffic 

conditions. When the traffic is intense, two train sets will be coupled. As the motor car generates most 

squeal noise when train negotiates curves, the simulations in this work are performed with a single 

motor car only. 

 

3.2 Wheel profile 

Originally the vehicles were equipped with standard S1002 wheel profiles with full flanges of 

26.5mm. The nominal wheel profile can be seen in Figure 3-4. The inclination of the thread on a new 

wheel profile is 1:40 and the wheels are resilient with a nominal diameter of 780 mm and 

hydraulically pressed onto the axle. 
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Figure 3-4 Nominal wheel profile of Roslagsbanan vehicle [11]. 

 

After many years of service and before they are reprofiled, the shapes of wheels have changed 

dramatically. In order to update the simulation with actual wheel profiles, a measurement was carried 

out by using laser based equipment to measure the worn profiles of current vehicles. 

In total 3 motorcars, 3 maneuver cars and 1 middle cars wheel profiles are measured. More details are 

shown in Table 3-2,  

 

Table 3-2 Detail information of measured wheel profile cars 

Car type Maneuver car Middle car Motor car 

Car name 125 139 141 817 202 218 222 

Mileage (km)  100k 150k Unknown Unknown 50k 200k Unknown 

 

In order to be able to observe how the wheels get worn after different amounts of distance hauled, for 

different car types, the measured wheel profiles are compared with the nominal wheel profiles. 

Measured rail profiles from all three types of cars with different mileage, together with the nominal 

wheel profile of wheel S1002 are shown in Figure 3-5.  as an example where measured wheel profiles 

from different maneuver cars were shown in red, blue and green colors compared with the nominal 

wheel profile S1002 shown in black color.  
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Car type Maneuver car 

Name Mav125 Mav139 Mav141* 

Mileage (km) 100k 150k Unknown 

     *Used in noise mapping 

Figure 3-5 Wheel profile comparison between nominal profiles and measured from maneuver 

cars.  

In Figure 3-6, measured wheel profiles from motorcars in colors were compared with the nominal 

wheel profile S1002. 

  

Car type Motorcar 

Name Mov202 Mov218 Mov222* 

Mileage (km) 50k 200k Unknown 

*Used in noise mapping 

Figure 3-6 Wheel profile comparison between nominal profiles and measured from motor cars.  

 

3.3 Track 

The entire Roslagsbanan railway network consists of three branches with some shared stations and 

ends at Stockholm Östra station. See Figure 3-7. 
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Figure 3-7 Map of Roslagsbanan railway networks [14] 

 

3.4 Rail profile and material  

The track on Roslagsbanan consists of the rail type BV50i40, which is shown in Figure 3-8. It is a 

commonly used rail for this kind of light rail traffic. Each rail inclines with a certain angle towards the 

center of the track, which provides an appropriate fit with the geometry of the conical-shaped wheels 

and hence enables a desirable transmission of vehicle load to the track. The nominal inclination of the 

present rail is 1:40. 



Investigation of Causes for Wheel Squeal on Roslagsbanan in Stockholm 
 

18 

 

 

Figure 3-8 Nominal rail profile of Roslagsbanan, BV50i40 

 

3.5 Rail profile measurements 

In order to reduce the amount of measurements and computational time, the entire railway network 

was not used in the simulation. Instead tight curves and sites where complaints were received were 

chosen to represent the most problematic parts of the railway network when it comes to wheel squeal. 

The curves that have been chosen have radii ranging from 230 m to 590 m. The length of the circular 

portion of the curve varies from about 80 m to about 400 m, with an average of about 200m. Rail 

profiles are measured on five points along the entire curve covering both transition and circular 

portions.  

3.5.1 Measuring sites 

In total 31 curved tracks were selected and measured because of their location in narrow curves with a 

relatively long section where wheel squeal is most likely to occur. On each curve, rail profiles have 

been measured at five locations: 10 meters after the transition curve begins; 10 meters after the 

transition curve ends, at the middle point of the circular curve, 10 meters before the transition curve 

begins and 10 meters before the transition curve ends. The measurements were carried out during May 

and July 2012.The curve radius varies from 230 to 590 meters for the measuring sites. Profiles of both 

outer (high) and inner (low) rails are measured at all sites and both travel directions of the track are 

measured. More detailed information for each site can be seen in Appendix B.  
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3.5.2 Measuring device 

The measurements at the narrow gauged railway network Roslagsbanan have been carried out by SL. 

The measuring device MINIPRROF has been used in order to document the successively worn rail 

profiles, see Figure 3-9. It consists of a measuring head that is fixed onto the rail head that is to be 

measured by a flat and strong magnet. The measuring element is a magnetic wheel, rolled manually 

over the rail surface that is connected to the measuring head by a short two-part linkage. A long and 

stiff telescope rod is connected to the measuring head with a positioning pin at the other end of the rod 

that can be fixed to the opposite rail.  

 

Figure 3-9 The MINIPROF measuring device [12] 

 

In order to be able to observe how the rail is worn after different amounts of traffic tonnage, the 

measured rail profiles are compared with the nominal rail profiles. Measured rail profiles at the site 

between Lahäll and Näsby Allé (section km 10+513), a single track on the branch to Näsby Park, 

together with the nominal rail profile of rail BV50i40 are shown in Figure 3-10 as an example. The 

curve radius is 340m. The measurement was carried out in May 2012. 
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(a) 

 

(b) 

Figure 3-10 Rail profile comparison between nominal and measured profiles on inner (a) and 

outer (b) rail [15]. 

 

Despite the remarkable difference in curve radius, the difference between how different rail profiles 

changes is very small. It can be observed that high rail and low rail profiles got material removal in 

very similar ways respectively. The only big difference is observed on newly grinded rails which have 

different profile shapes compared to worn profile shapes. Figure 3-11 shows representative worn rail 

profile shapes while Figure 3-12 shows rail profile shapes of newly grinded rail.  

 

 

Figure 3-11 Representative worn rail profiles, high rail in magenta and low rail in brown 
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Figure 3-12 Representative newly grinded rail profiles, high rail in magenta and low rail in brown 

 

3.6 Primary suspension 

One hypothesis for the generation of wheel squeal is insufficient steering behavior in tight curves due 

to stiff longitudinal primary suspension.  

On Roslagsbanan vehicles, the primary suspension consists mainly of chevron springs, see Figure 3-

13. The rubber element between metal plates in chevrons springs gets stiffer as they get aged. 

Therefore within the project, longitudinal and the lateral stiffness of new and old rubber springs were 

measured.  

  

Figure 3-13 Primary suspension of Roslagsbanan vehicle 

The measurement was carried out by KTH Solid Mechanics lab. A test device was built to test the 

chevron spring under different load conditions, see Figure 3-14. This makes it possible to test the 

rubber springs under load conditions similar to those in bogies on the Roslagsbanan trains.  

Due to the limitation of test conditions, only longitudinal and vertical stiffness of the chevron were 

tested. The raw data measured in the test were time, piston displacement, longitudinal load and 

transverse load. The relationship between load and displacement at different amplitudes and 

frequencies is plotted. Below a brief description of the test equipment and some results are given. 
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Figure 3-14 Experimental setups in longitudinal and vertical testing [16] 

Both static and dynamic stiffness were measured. The following matrix in Table 3-3 therefore was 

suggested for the measurements. A preload was introduced to simulate the actual operation conditions, 

as shown in Table 3-4. The stiffness of new chevron springs is listed in Table 3-5. The test result of 

used chevron will be force-displacement (hysteresis) curves of the respective measurements. The 

result data will be used as input for a linear fit with simulation data from the coupling model. In this 

way, the parameters of the coupling model will be identified. 

 

Table 3-3 Frequency and displacement set up for measurements 

 Frequency [Hz] 

Max displacement [mm] 0.1 1 5 

0.5 x x x 

1.5 x x x 

5 x x x 

 

Table 3-4 Preload set up for measurements  

 Preload forces [kN] 

Type of coach Vertical Fz Longitudinal Fx Lateral Fy 

Motor coach 25.3 13.1 6.6 

Trailing coach 16.9 8.3 4.2 

 

Table 3-5 Stiffness of new chevron springs 

 Stiffness [N/m] 

Type of Vertical Longitudinal Lateral 
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coach Static Dynamic Static Dynamic Static Dynamic 

Motor 
coach 

825e3 1100e3 6000e3 10000e3 2500e3 4000e3 

Trailing 
coach 

540e3 760e3 4800e3 8000e3 2000e3 3200e3 

 

 

3.7 Noise mapping 

The noise mapping was performed by installing six microphones, a GPS receiver and recording 

equipment on a train and to run it on the entire track system of Roslagsbanan. In Figure 3-16, it can be 

seen where the microphones and the GPS receiver were installed, together with the number of the 

actual coaches used. 

 

Figure 3-15, How microphone was mounted on the train [17] 

The noise mapping was performed on 2012-05-27 between 09:00 and 13:00. During the entire time the 

weather was stable with air temperatures between 16 and 20 °C, a relative humidity between 45% and 

55 %, winds below 3 m/s and no precipitation.  

 

 

Figure 3-16  Placement of microphones, GPS receiver and the number of the actual coaches used 

[17]. 
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Information on the actual location and the current noise level was stored with a frequency of 1 Hz. 

Curve squeal was recorded to occur if noise levels in the frequency ranges approximately from 5000 to 

6300 Hz were more than 10 dB higher than the average background level, see Figure 3-17. 

 

Figure3-17 Example measured noise with and without squeal noise, from [17] (modified). 

 

Geographical results from the noise mapping are presented in detail in a report from ÅF [17].The 

results will be presented in Chapter 5, compared with the simulation results.  
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4. Simulations 

This chapter describes how track and vehicle of Roslagsbanan have been modeled for the simulations. 

Wheel rail combinations were pre calculated for time domain simulations, other simulation design sets 

are also described in this chapter. 

4.1 Track model 

The wheel-rail coupling model developed in GENSYS and applied in this work is shown in Figure 4-

1.  

The moving track model in Figure 4-1 contains four parts: ground, track and the massless left and right 

rail (ral_l and ral_r).  

The wheels are connected to the rails through springs and dampers perpendicular to the contact area. 

The stiffness normal to the wheel/rail contact surface is defined in the variable knwr. The rails are 

connected to the track via springs and dampers: kyrt, cyrt, kzrt and czrt. Three different contact 

surfaces can be in contact simultaneously.  

The rails have lateral and vertical degrees of freedom and are connected to the track trough springs and 

dampers. The track, on the other hand, is modeled with only a lateral degree of freedom and is 

connected to the ground through a lateral spring and damper, which are not shown in Figure 4-1. The 

ground is assumed to follow the designed tack geometry and has thus no degree of freedom. 

 

Figure 4-1 Track model ¨pe3¨ used in GENSYS simulations [1] 
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4.2 Vehicle model 

In order to simplify the simulation and save simulation time, only one motor car is modeled in 

GENSYS. The effect from middle car and maneuver car is simulated by adding extra force on the 

motor car model.  

The components included in the vehicle model are carbodies, bogies,wheelets, primary and secondary 

suspension. In the simulations the vehicle is represented by a multibody system (MBS) model with 

rigid bodies, describing the mass properties, connected by different massless coupling elements, like 

springs and dampers. 

The vehicle inertia data used in this model is shown in Table 4-1. The center of gravity is defined as 

the height of the mass center from the top of rail. All data in this table refer to an empty motor car 

X10p without passengers. 

Table 4-1 Vehicle inertia data of motor car X10p 

 Center of 

gravity (m) 

Mass (kg) Moment of 

inertia, Roll  

Moment of 

inertia, Pitch  

Moment of 

inertia, Yaw 

Carbody 1.593 11310 19114 403100 403100 

Bogie frame 0.515 2295 917 1958 2875 

Wheelset 0.39 700 312 43.6 312 

 

Motor bogie 

The motor bogie is shown in Figure 4-2 with the most prominent components indicated. The carbody 

rests on the air springs that are mounted on each side of the bogie frame. Wheelset and the bogie frame 

are connected by the primary suspension which consists of four pairs of chevron springs.  

 

 

Figure 4-2 Motor bogie of Roslagsbanans vehicle [14]. 
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Primary suspension  

A one-dimensional coupling was defined in GENSYS to simulate the primary suspensions on 

Roslagsbanan. The parameters are taken from a pre-defined property defined in coupl p_kfrkc. The 

theory of the kfrkc-coupling was developed by Berg [18]. A detailed description of the coupling can 

be found in [18]. 

The coupling comprises three parallel coupled parts that can be seen in Figure 4-3: 

1)  Elastic part:  Linear spring in the stiffness ke  

2)  Friction part:  Maximum friction force for the friction part Ffm and Displacement, relative 

initial position ,when half the maximum friction force has been reached x2  

3)  Viscous part:  Linear viscous damper, c , in series with a linear spring, kv 

   

 
Figure 4-3 Sketch of coupling compl p_kfrkc in GENSYS [1] 

 

A model of this coupling was created in Gensys and harmonic waves were defined to excite the spring. 

The response of model to longitudinal and vertical harmonic excitation was recorded and compared to 

the measuring result from lab test. Two sets of data were later plotted on the same scale graph as 

presented in Figure 4-4. Parameters of the spring model are shown in Table 4-2 

 

 

http://www.gensys.se/doc_html/calc_coupl.html#jp_kfrkc
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Figure 4-4 Simulation of chevron spring, at 0.1 Hz, 1.5mm amplitude. The black curve 

represents the measured result of motor car chevron as force vs displacement from lab test and the 

blue curve is simulation result from the coupling model. 

After a series of trial and error to fit the simulation curve to the measured curve, a number of coupling 

parameters were identified, as show in the table below. 

Table 4-2, Parameters of the spring model 

 ke Ffm x2 c kv 

Longitudinal 6.7e6 5.5e3 0.0005 0.35e6 15e3 

Vertical 1e6 1.8e3 0.001 0.6e6 16e3 

Lateral  2.5e6 × 1.06 7e3 0.0008 0.35e6 16e3 

 

For new chevrons, the static stiffnesses in longitudinal and vertical direction are 6e6 and 825e3 

respectively, compared with measured used chevrons, as shown in the table above, an aging factor can 

be derived. This factor was introduced to determine the lateral stiffness of used chevrons which is 1.06 

times the stiffness of new chevrons. 

 

4.3 Simulation set design 

The simulation set is determining parameters that have been measured previously, such as wheel and 

rail profiles, vehicle speed and friction coefficient. Track irregularity, however, is disregarded in this 

thesis work. 

Wheel rail profile combinations 

In order to avoid too many combinations and calculations, measured wheel and rail profiles must be 

evaluated and selected to find the most representative rail/wheel-combinations. The selection has been 

made by looking at: 

 tane, equivalent conicity according to [1] 

 RE, tightest negotiable curve radus without flange contact [1] 

The two values tane and RE are similar but not the same. Equivalent conicity often controls the 

critical speed of a vehicle. For the current type of vehicle X10p a higher value of tane leads more 

easily to an instable ride. The parameter RE includes the wheel radius difference between right and left 

wheel on the same axis, and it tells you the tightest curve it can negotiate (with a margin of 1[mm]) 

before flange contact occurs.  

The rail and wheel profiles serve as input to a pre calculation program in GENSYS called KPF 

(Contact Point Functions in Swedish), where the wheel rail contact geometry functions are calculated. 

Simulation results of tane and RE for different wheel rail profile combinations are shown in Table 4-

3.  

The selected wheel profiles are from the noise measuring maneuver car 141, worn rail profiles (0514-

12) are from the Kårsta branch and newly grinded profiles are from the Näsbypark branch. 
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The new wheel and new rail profile combination in case 1, serves as a reference. The combination 

gives reasonable values for both tane and RE. A free wheelset has possibilities to steer down to a 

curve radius of 159[m]. However the primary suspension isn’t soft enough to take advantage of this 

low value, why all curves below ~300[m] have to be lubricated. 

 

Table 4-3 Wheel rail profile combination cases 

Combination case Wheel profile Rail profile RE [m] tane 

1 New (S1002) New(BV50i40) 159 0,15 

2 New (S1002) Newly grinded (0515-15) 1746 0,09 

3 New (S1002) Worn (0514-12) 2820 0,59 

4 Worn (Mav141) New (BV50i40) 54 0,81 

5 Worn (Mav141) Newly grinded (0515-15) 51 0,79 

6 Worn (Mav141) Worn (0514-12) 54 0,77 

 

For case 2 and 3, the newly grinded rail and worn rail, combined with new wheel profiles leads to a 

high RE, which means that the wheel profile will suffer from flange wear in almost all curves, if the 

curve is unlubricated. 

All cases with worn wheel profiles which are from maneuver car 141, show high values for tane 

which indicates risk for instable ride at higher speeds. All cases with worn wheel profiles show that 

the wheelset has possibilities to negotiate very tight curves RE = 51-54[m]. Because worn wheels 

generally have larger rolling radius difference, this makes it easier for wheelset to steer in tight curves. 

In reality, however, the stiff primary suspension limits the ability of the wheelset to achieve radial 

steering.  

The simulation results are also presented in wheel/rail interconnection diagrams shown in Table 4-4. 
The diagram indicates the center of the contact point on wheel and rail. Lines between wheel 

and rail, indicates possible points which can be in contact. Different colors of lines stand for 

different contact pressures. If two contact points are in contact simultaneously a horizontal 

line inside the rail will be drawn, connecting the two contact points with each other. 

High contact pressure can be found in some combinations, especially in case 2 and 4, where many 

contact points are concentrated on small areas near the rail gauge corner, as can be seen in Table 4-4. 

This may lead to high risk of rolling contact fatigue. 
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Table 4-4 Wheel/rail interconnection diagrams 

Combination 

case 
Wheel/rail interconnection 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

 

Speed and track inclination 

Vehicle speed in curves is another factor that could have effect on curve squeal generation. Therefore 

a range of speed is simulated with the same track geometry and vehicle settings. The maximum speed 

of simulated vehicle was the equilibrium speed when maximum allowed track cant is implemented. 
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In tight curves, the speed of simulated vehicles was the equilibrium speed when maximum allowed 

track cant is implemented. As the curve radius increases, the speed increases until it reaches the speed 

limit, then track cant was reduced so that the speed in lager radius curves should be around the 

maximum allowed speed of 80km/h. 

Table 4-5 Speed and track cant at different curves 

Curve radius [m] 200 250 300 350 500 590 700 850 1000 

Track cant [mm] 95 95 95 95 95 80 68 56 48 

Vehicle speed [km/h] 50.7 56.7 62.7 67.1 80 80 80 80 80 

 

Friction and operation conditions 

In order to reduce the squeal noise generation in curves, the gauge face of the outer rail (high rail) is 

lubricated along the track. The lubrication device Clicomatic, which can be seen in Figure 4-5, is 

based on a box mounted in the center of the track. When a train is about to pass, the vibration caused 

by the train triggers the vibration sensor in the box and then oil-based lubricant will be jetted to the 

gauge face of the outer rail. The lubrication device gives a lubricating effect up to several hundred 

meters. However, the effect decreases as a function of the distance after the lubricating device.  

 

 

Figure 4-5 Rail lubrication device Clicomatic [15] 

 

The lubricated rail condition is also modeled as one of the friction conditions, where the friction 

coefficient on the gauge corner of the outer rail is reduced from 0.5 to 0.1 (Friction condition case B in 

Table 4-6). Other friction conditions include dry condition (case A in Table 4-6) which models the dry 

condition without any lubrication. Case C in Table 4-6 is an experimental case where friction modifier 

is applied to the top of the inner rail in order to obtain the maximum traction friction while the 

lubrication on the gauge corner of the outer rail remains. On top of the inner rail, the friction 

coefficient increases linearly as the contact point moves towards the gauge side, from 0.1 to 0.5. More 

details are displayed in the table below. 
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Table 4-6 Friction condition cases 

Friction 

condition 

case 

Outer (high) rail Inner (low) rail 

Remarks 

Top Gauge Top Gauge 

A 0.5 0.5 0.5 0.5 Dry condition, no lubrication 

B 0.5 0.1 0.5 0.5 Inside of outer rail lubricated 

C 0.5 0.1 Friction modifier 0.5 As case B but including friction 

modifiers on top of the inner rail 
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5. Results 

Selected wheel rail combinations calculated by KPF together with the simulation set and the vehicle 

model are used as input to the time domain simulation program TSIM in GENSYS, where equations 

of motions are solved for each time step, using a numerical integrator with adaptive time stepping. The 

result of the KPF calculation is included in Appendix B. 

In TSIM simulations, the vehicle model was set to pass through a series of curves with radii ranging 

from 200 m to 800 m. Different wheel rail combinations and friction conditions are also studied. The 

simulation results show how creepage varies as wheel rail combination and friction conditions change. 

 

 

Figure5-1 Creep levels on different wheel rail combination under different friction conditions 

 

Figure 5-1 shows the creep level on the inner wheel when the vehicle negotiates different curves 

ranging from 200 m to 800 m radius. The red line indicates the critical creep at around 0.008. Creep 

increases as the curve radius becomes smaller. Creep also depends on the lubrication strategy and the 

wheel/rail profile combination. The horizontal red line marks the critical creep value. If the creep level 

gets higher than this value, the properties of the contact point will change, which makes it act like a 

viscous damper with a negative damping coefficient. If the creep level is below the red line value, it is 

considered relatively acceptable. In this case, negative damping is unlikely to exist in the contact 

point. The position of the horizontal red line only applies for lubrication strategy A dry condition and 

B inside of outer rail lubricated. For lubrication strategy C, where friction modifier was applied on top 

of the inner rail, the creep force-creep curve in the contact area changes. As a result, the damping in 

the contact point on inner rail is positive for all creep levels. 

New wheel profiles handle both lubricated and dry situations well down to curve radii of ca 300m. 

Below this curve radius the primary suspension is too stiff, and the bogie cannot steer. 

Worn wheels generally generate higher creep levels than new wheels, because worn wheels have a 

larger rolling radius difference between right and left wheel on the same axis. The large rolling radius 

difference generally leads to more creep in the contact points, because the stiff bogie suspension 

prevents the wheelsets to steer in the curves. 

Critical creep 
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Figure 5-2 shows the effects of different friction conditions on wheel rail contact points creep levels. 

Different color lines represent six wheel rail combinations and different line marks indicate three 

contact point positions.  

In flange lubrication condition, almost all combinations experienced a decrease of creep levels in small 

radius curves below about 500m, compared with dry conditions. This effect is especially significant 

for worn wheels, as color lines for combinations B (green), D (yellow), F (magneta) changed 

dramatically when flange lubrication was applied.  

Worn wheels generally have a larger rolling radius difference between right and left wheel on the 

same axis. The difference gets smaller in flange lubricated curves. This leads to decreased creep in the 

contact points. 

Creep levels in the contact area with new rail combination A (red) and B (green) reach critical creep at 

smaller radius curves than other combinations. The long term solution is to grind the rail profiles into a 

shape more similar to the 50E3 with inclination 1/40 according to the drawings. This will give a more 

even wheel wear over the whole wheel surface.  

 

 

A B C D E F 

New wheel 

New rail 

Worn wheel 

New rail 

New wheel 

Newly grinded rail 

Worn wheel 

Newly grinded rail 

New wheel 

Worn rail 

Worn wheel 

Worn rail 

 

Figure5-2 Creep levels under different friction conditions for different wheel rail combinations 

 

 

 

 

Dry condition Flange lubrication Friction 

modifier 

Critical creep 



Investigation of Causes for Wheel Squeal on Roslagsbanan in Stockholm 
 

35 

 

NOISE MAPPING AND COMPARISON TO CALCULATIONS 

In this chapter figures from the noise mapping report, see reference [13], indicating where curve 

squeal occurred during the noise mapping are combined with track data and compared to some of the 

calculated results.  

The results from noise mapping presented in the form of green and red dots gives an information about 

where wheel squeal arises, in which direction the train drives and roughly at which speed the train 

drives. 

- Green dot means that no wheel squeal is observed 

- Red dot means that wheel squeal is observed 

- Each dot corresponds to a measurement (wheel squeal or not) every second for a specific 

position. This means that the distance between dots gives a hint on how fast the train drives. 

Short distance between dots means low speed while long distance means high speed. 

Since the train drives on the left track in double tracks, the measured values were shown to the left 

side of the track in the driving direction. See example in Figure 5-3 

 

Figure 5-3 Example of graphic result from noise mapping 
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Influence of gauge face lubrication on the high rail in curves with small radius. 

According to the calculations performed for one of the maneuver cars (number 141) used in the noise 

mapping and in combination with worn or grinded rail, there is a risk for curve squeal in curves with 

radii up to approximately 400 meters if the friction is high in the wheel/rail-contact. This can be seen 

as the vertical red lines indicate in Figure 5-4. 

 

Figure 5-4 For maneuver cars running on worn and newly grinded rail, wheel squeal will occur 

for curves under 400m in radius. 

For the same situation except that the friction is reduced, either by only high rail gauge face 

lubrication or high rail gauge face lubrication in combination with top of low rail friction modifier, the 

risk for curve squeal as can be interpreted from vertical blue lines in figure 5-4, is limited to curves 

with radii smaller than approximately 250 meters. This influence of lubrication on the curve squeal 

can be seen in Figure 5-5. The figure shows that when the coach/train runs through the lubricated 294 

meter radius curve (the lubricant is most probably transported to both ends of the curve since it is a 

single track line) there is no curve squeal. Because the result is valid for traffic in both directions, it 

indicates that the lubrication condition is good in the entire curve. 

On the other hand, when the same coach/train runs through the non-lubricated 394 meter radius curve, 

independent of direction, curve squeal does arise. This is most probably due to that no lubrication is 

present in any of the existing wheel/rail-contacts. However, in the part of the curve closest to the 

lubricated curve it seems that the risk for curve squeal is reduced, compared to the part of the curve 

facing the other direction. This may be due to that the lubricant has partly been transferred in-to some 

parts of the non-lubricated curve, or carried on the wheels by the actual coach/train. When the 

coach/train first enters the non-lubricated curve (from north to south) there seems to be a higher risk 

that curve squeal arises. This may be due to that the wheels, especially the wheel flanges, are dryer in 

this case, than if it first runs through the lubricated curve (south to north). 
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Figure 5-5 Influence of gauge face lubrication on the high rail in curves with small radius [17]. 

 

Curve squeal in large radius curves and influence of traction and braking. 

As can be seen in Figure 5-4, the creep level on low rail-inner wheel contact area is below the critical 

creep at curve radii larger than approximately 400 meters. In the high rail-outer wheel the creep level 

can, however, be sufficiently high to create curve squeal in rather large radius curves. This assumes 

that the wheel/rail-contact does not become so stiff that the wheel is prevented from vibrating freely or 

the contact provides sufficient damping to suppress the vibrations.  

One example of such a large radius curve may be the curve shown in Figure 5-6. When the actual 

noise mapping train enters the curve from west to east, with high and constant speed, curve squeal 

does arise. 

When the same train enters the curve from the other direction but on the same track since it is a single 

track line, no curve squeal arises. This is probably because the entire train brakes when entering the 

curve and until it has reached approximately the middle of it. After that it accelerates, but no curve 

squeal arises during that phase either. Not until it has reached a certain speed and/or stopped 

accelerating the curve squeal emerges again. This speed dependency of the squeal may be due to that 

the creep-force curve, as reported by Polach in [2], changes with the actual train speed. For low speeds 

the maximum peak in the creep-force curve is higher than for higher speeds.  When reducing the speed 

the risk that the actual creep in the wheel-rail contact is larger than the limiting creep at the peak is 

reduced, subsequently also reducing the risk for squeal. 

 

Figure 5-6 Curve squeal in a large radius curve and influence of traction and braking [17]. 
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6. SUMMARY 

New wheel and rail profiles give moderate values on both equivalent conicity and radial steering 

capability, as Case 1 in Table 4-3. After rail grinding, wheel profile S1002t26.5 doesn’t fit well to the 

rail profile, as Case 2 in Table 4-3 and Table 4-4. 

In the flange root there is a gap between wheel and rail, because of this, no wear can occur in this area. 

This leads to a wheel profile with a high cone angle in the flange root, see Table 4-4 for Case 4-6. This 

high cone angle leads to a high equivalent conicity and a big difference in rolling radius difference 

between right and left wheel, see Table 4-4 for Case 4-6. The high equivalent conicity leads to 

instability at high speeds on tangent track. The big rolling radius difference between the two wheels on 

the same axle, leads to large creepages and wheel squeal in curves tighter than ~450[m]. This forces 

Roslagsbanan to re-profile the wheels often. 

Curves below ~300 m cannot be negotiated without wheel squeal because of the stiffness in the 

primary suspension, why all curves on the track tighter than ~300 m must be lubricated. 
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Appendix A – Detailed information of rail profile 

measurement sites 

 

 

 

Mät datum Profil Tillv år HR LR

SEKT ÖB/ÖS R LÄNGD CL FH Slitage H=h+s/2 Kontaktband Bredd [mm] RCF Slitage H=h+s/2 Kontaktband RCF

W1 W2 H W1 W2

BANA: KÅRSTA Norr SPÅR:N h s

0+325.30 ÖS 264 28.00 94.26 0 1 12-05-29 50 E3 2005 0,1 0,7 0,45 Konform 45 1,2 0,3 1,35 Utsida 42 Korrugering

0+419.56 ÖS 264 23.00 94.26 0

0+567.07 ÖS 294 52.00 191.87 60 2 12-05-29 50 E3 2005 1,1 0 1,1 Konform 40 HC 1,5 0 1,5 Mitt 28

0+758.94 ÖS 294 41.00 191.87 60

0+845.94 ÖS 260 46.00 77.17 70 3 12-05-29 50 E3 2005 1,3 0,6 1,6 Konform 40 1,4 0,2 1,5 Utsida 32

0+923.11 ÖB 292 110.00 70

1+033.11 ÖS 292 110.00 98.60 80 4 12-05-29 50 E3 2005 0,9 0,8 1,3 Konform 42 1,2 0,1 1,25 Utsida 34

1+131.72 ÖS 292 59.00 98.60 80

1+237.72 ÖS 300 47.00 149.28 70 5 12-05-29 50 E3 2005 0,8 0,2 0,9 Konform 42 1,2 0,1 1,25 Mitt 25

1+387.00 ÖS 300 103.00 149.28 70 2P 11-07-21 HC

6+265.71 ÖS 300 50.00 151.42 60 1A 12-05-09 50 E3 87 2,1 0,5 2,35 Konform 26 HC 3,2 0,1 3,25 Mitt 30

6+417.13 ÖS 300 40.00 151.42 60

7+483.57 ÖS 287 58.89 114.87 70 2A 12-05-09 50 E3 4 1 4,5 Konform 40 3,6 0 3,6 Mitt 55 Ytsår ej RCF

7+598.44 ÖS 287 58.89 114.87 70

8+420.89 ÖS 308 63.00 122.77 95 3A 12-05-14 S41 1,1 0,6 1,4 Konform 50 2,1 0,2 2,2 Mitt 50 Ytsår ej RCF

8+543.65 ÖS 308 63.00 122.77 95 2P 20-10-20

9+144.15 ÖS 383 112.00 122.09 85 3C 12-05-14 S41 0,6 0,5 0,85 Konform 50 Stora HC 0,9 0,2 1 Mitt 50 Vågbildning

9+266.23 ÖS 383 86.00 122.09 85

10+272.77 ÖB 590 54.00  0 12-07-09 S41 93 1,2 0,2 1,3 Konform 50 Små HC 1,9 0 1,9 Mitt 47

10+326.77 ÖS 590 54.00 299.03 60

14+683.02 ÖS 285.9 53.50 198.52 90 4A 12-05-14 50 E3 98 1,1 0,1 1,15 Konform 40 1,3 0,1 1,35 Mitt 43 Clicomatic

14-881.54 ÖS 285.9 62.00 198.52 90 2P 12-15-20

15+012.73 ÖS 292.5 58.00 187.95 80 4B 12-05-14 50 E3 0,8 0,02 0,81 Konform 40 1 0,2 1,1 Mitt 32 Clicomatic

15+200.69 ÖS 292.5 80.93 187.95 80

19+241.72 ÖS 290 70.00 182.76 95 5 12-05-15 41 98 0,8 0,1 0,85 Konform 45 1,2 0,2 1,3 Mitt 50

19+424.49 ÖS 290 182.76 95

21+962.93 ÖS 393.3 91.00 117.32 80 6 12-05-15 50 E3 98 0,6 0,2 0,7

22+082.69 ÖS 393.3 92.00 117.32 80 41 1 0,2 1,1 Konform 46 1,5 0,1 1,55 Mitt 43

Mät-

punkts 

nr

Bredd 

[mm]

HC i 

cirkulärdelen

Låg svets som 

slår

BANA: KÅRSTA SYD SPÅR:S Mät datum Rälsprofil Tillv år Slitage Kontaktband Bredd [mm] RCF Slitage Kontaktband Bredd [mm] RCF

SEKT ÖB/ÖS R LÄNGD CL FH

1+046,38 ÖS 293 120.00 92,37 70 4 12-05-29 50 E3 2008 1,2 0,1 1,25 2P 11-10-25 1,2 0,1 1,25 Mitt 25

1+138,76 ÖS 293 46.00 92,37 70 Delvis batt tog slut Konform 40

1+239,76 ÖS 301 55.00 138,33 80 5 12-05-29 50 E3 2005 3,9 0,4 4,1 2P 5-2-32 3,1 0,2 3,2 Mitt 31

1+378,09 ÖS 301 121.00 138,33 80 50 E3 1988 Konform 40 HC

6+271.60 ÖS 350 30.00 68.61 40 1B 12-05-09 S41 2,3 0,1 2,35 Konform HC 1,9 0,6 2,2 Utsida 34

6+340.21 ÖS 350 20.00 68.61 40

6+360.21 ÖS 300 20.00 156.08 25 1C 12-05-09 S41 1,3 0,3 1,45 Konform HC 2,2 0,1 2,25 Utsida 34

6+516.29 ÖS 300 20.00 156.08 25 Mitt 35

7+488.55 ÖS 285 59.30 112.79 70 2B 12-05-09 50 E3 2,9 1 3,4 Konform 40 3,6 0,1 3,65 Mitt 55

7+601.34 ÖS 285 59.30 112.79 70

8+425.38 ÖS 306 63.00 122.80 95 3B 12-05-14 S41 0,7 0,2 0,8 Konform 43 1,5 0,2 1,6 Mitt 50

8+548.19 ÖS 306 63.00 122.80 95 Stora HC

9+049.44 ÖB 380 87.00 0 3D 12-05-14 S41 0,4 0,5 0,65 Konform 50 Stora HC 0,7 0,2 0,8 Mitt 55 Vågbildning

9+136.44 ÖS 380 87.00 135.16 85

10+264.52 ÖB 580 77.00 0 12-07-09 S41 94 0,9 0,5 1,15 Konform 50 Stora HC 1,3 0,5 1,55 Mitt 55 Vågbildning

10+341.52 ÖS 580 77.00 289.20 60

BANA: NÄSBY PARK SPÅR:N Mät datum Rälsprofil Tillv år Slitage Kontaktband Bredd [mm] RCF Slitage Kontaktband Bredd [mm] RCF

SEKT ÖB/ÖS R LÄNGD CL FH

6+893,81 ÖS 396,5 34,71 225,52 50 1 12-05-21 S41 98 1,2 0,4 1,4 Konform 39 2,1 0 2,1 Mitt 33

7+119,34 ÖS 396,5 44,41 225,52 50

8+663,13 ÖS 270 41.00 157.26 60 2 12-05-21 50 E3 08 1,1 0,1 1,15 2P 10-6-20 1 0,1 1,05 Mitt 26

8+820,40 ÖS 270 41.00 157.26 60

9+004,28 ÖS 294 80.00 169.34 80 3 12-05-21 50 E3 08 / 91 4,7 0,6 5 2P 20-3-22 3,4 0,1 3,45 Mitt 31

9+173,62 ÖS 294 80.00 169.34 80 Konform 41

9+380,22 ÖS 281 87.00 109.07 95 4 12-05-15 50 E3 08 1,6 0,4 1,8 Konform 40 2 0,1 2,05 Mitt 40

9+489,30 ÖS 281 67.00 109.07 95

9+861,57 ÖS 396 65.00 127.63 70 5 12-05-15 50 E3 91 4,2 1,8 5,1 Konform 45 4,5 1,7 5,35 Utsida 33

9+989,20 ÖS 396 48.00 127.63 70

10+513,52 ÖS 340 76.00 168.55 95 6 12-05-15 50 E3 91 4,8 0,8 5,2 2P 12-10-28 5 0,4 5,2 Utsida 30 Clicomatic

10+682,08 ÖS 340 91.00 168.55 95

Mätpun

kts nr

Begynnande 

HC

Lite vågbildning, 

Clicomatic

Mätpun

kts nr

OBS: Väldigt 

dåligt inslipad 

profil på LR
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BANA: ÖSTERSKÄR SPÅR:N Mät datum Rälsprofil Tillv år Slitage Kontaktband Bredd [mm] RCF Slitage Kontaktband Bredd [mm] RCF

SEKT ÖB/ÖS R LÄNGD CL FH  

14+742.23 ÖS 249 61.00 264.83 85 1 12-05-21 50 E3 90 3,2 2,6 4,5 Konform 53 4 0,2 4,1 Mitt 58

15+007.06 ÖS 249 61.00 264.83 85

15+889.72 ÖS 249 50.00 372.42 70 2 12-05-21 50 E3 08 0,6 0,1 0,65 Konform 46 1,1 0 1,1 Mitt 40 Vågbildning

16+262.17 ÖS 249 45.00 372.42 70

18+545.55 ÖS 384 70.00 109.57 80 3 12-05-21 50 E3 08 0,6 0 0,6 Konform 42 0,8 0 0,8 Mitt 36 Clicomatic

18+655.12 ÖS 384 85.00 109.57 80

18+821.12 ÖS 401 81.00 393,08 80 4 12-05-21 50 E3 08 0,8 0,2 0,9 Konform 42 0,6 0,1 0,65 Mitt 35

19+216.08 ÖS 401 47.00 393,08 80

25+182.12 ÖS 230 67.00 158.62 95 5 12-05-21 50 E3 07 0,8 0,4 1 Konform 44 1,6 0,5 1,85 Mitt 40

25+340.74 ÖS 230 44.00 158.62 95

Medel 330,66 39,56 212,33 1,61 0,48 1,85 1,96 0,21 2,07

Min 230 34,71 92,37 0,1 0 0,45 0,6 0 0,65

Max 590 44,41 393,08 4,8 2,6 5,2 5 1,7 5,35

Mätpun

kts nr
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Appendix B – KPF results of rail and wheel profile 

combinations 

Rail Wheel Car type Mealige 

conicity 
891- 
3mm 

radial 
steering 

index R/L How wheels profiles look like 

Nominal Nominal     0,153 2,3   

Nominal 125_A1 Manöver 100k 0,144 4,89/5,08 almost same profiles on both wheels 

Nominal 125_A2 Manöver 100k 0,732 4,90/4,70 almost same profiles on both wheels 

Nominal 139_A1 Manöver 150k 0,788 5,64/4,70   

Nominal 139_A2 Manöver 150k 0,868 7,03/6,38 almost same profiles on both wheels 

Nominal 141_A1 Manöver   0,818 6,62/5,78   

Nominal 141_A2 Manöver   0,868 7,10/7,84 flange wear  

Nominal 202_B2 Motor 50k 0,085 4,42/4,58 flange wear  

Nominal 202_B1 Motor 50k 0,086 4,56/4,48 almost same profiles on both wheels 

Nominal 218_B2 Motor 200k 0,144 5,23/4,68   

Nominal 218_B1 Motor 200k 0,113 5,36/5,34   

Nominal 222_A4 Motor   0,118 4,79/4,54   

Nominal 222_A3 Motor   0,117 5,02/4,62   

 

Curve 
name RSI R  RSI L Conicity -3mm Place Curve Radius  

0508-1 0,74 0,59 0,051 Ks_6+215_1 300 

0508-2 0,72 1,21 0,05 Ks_6+215_2 300 

0508-3 1,29 0,98 0,075 Ks_6+215_3 300 

0508-4 1,81 0,94 0,116 Ks_6+215_4 300 

0508-5 1,89 0,97 0,098 Ks_6+215_5 300 

0508-6 1,26 0,95 0,086 Ks_6+291_1 350 

0508-7 1,56 0,52 0,105 Ks_6+291_2 350 

0508-8 1,66 1 0,111 Ks_6+291_3 350 

0508-9 1,51 1,07 0,097 Ks_6+291_4 350 

0508-10 1,45 1,04 0,102 Ks_6+360_1 300 

0508-11 1,02 1,77 0,725 Ks_6+360_2 300 

0508-12 1,09 1,51 0,111 Ks_6+360_3 300 

0508-13 1,15 4,94 0,352     

0508-14 1,04 5,52 0,323 Ks_7+988_3 287 

0508-15 1,03 5,25 0,265 Ks_7+988_4 287 

0508-16 1,02 4,84 0,315 Ks_7+988_5 287 

0508-17 1,06 5,14 0,201 Ks_7+988_3 285 

0508-18 5,31 0,69 0,34 Ks_7+988_4 285 

0508-19 5,68 0,19 0,364 Ks_7+988_5 285 

0514-1     0,622 Ks_8+420_1 308 

0514-2     0,666 Ks_8+420_3 308 
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0514-3     0,736 Ks_8+420_4 308 

0514-4 6,03 0,6 0,567 Ks_8+420_5 308 

0514-5 0,98 5,54 0,403 Ks_9+144_1 383 

0514-6 1,17 5,7 0,231 Ks_9+144_2 383 

0514-7 1,06 6,79 0,248 Ks_9+144_3 383 

0514-8 1,13 5,75 0,247 Ks_9+144_4 383 

0514-9 1,05 6,05 0,257 Ks_9+144_5 383 

0514-10 5,77 0,89 0,524 Ks_9+136_1 380 

0514-11 5,54 0,87 0,294 Ks_9+136_2 380 

0514-12 5,68 0,54 0,477 Ks_9+136_3 380 

0514-13 6,12 0,84 0,39 Ks_9+136_4 380 

0514-14 6,07 8,08 0,395 Ks_9+136_5 380 

0514-15 0,38 5,92 0,54 Ks_8+425_1 306 

0514-16 0,3 7,58 0,475 Ks_8+425_2 306 

0514-17 0,82 8,23 0,29 Ks_8+425_3 306 

0514-18 0,84 7,69 0,384 Ks_8+425_4 306 

0514-19 0,94 8,34 0,356 Ks_8+425_5 306 

0514-20 1,21 6,45 0,124 Ks_14+863_1 286 

0514-21 1,37 5,69 0,187 Ks_14+863_2 286 

0514-22 1,33 4,39 0,2 Ks_14+863_3 286 

0514-23 0,86 5,07 0,545 Ks_14+863_4 286 

0514-24 1,09 5,36 0,146 Ks_14+863_5 286 

0514-25 1,93 0,94 0,148 Ks_15+012_1 292 

0514-26 1,73 1,15 0,157 Ks_15+012_2 292 

0514-27 5,5 1,35 0,162 Ks_15+012_3 292 

0514-28 5,71 1,33 0,154 Ks_15+012_4 292 

0514-29 1,63 1,2 0,126 Ks_15+012_5 292 

0515-1 2,78 0,61 0,329 Ks_19+241_1 290 

0515-2 5,34 1,08 0,205 Ks_19+241_2 290 

0515-3 5,25 1,4 0,254 Ks_19+241_3 290 

0515-4 6,53 0,62 0,479 Ks_19+241_4 290 

0515-5 7,48 1,15 0,224 Ks_19+241_5 290 

0515-6 6,06 1 0,199 Ks_21+962_1 393 

0515-7 5,27 1,09 0,225 Ks_21+962_2 393 

0515-8 5,02 1,07 0,252 Ks_21+962_3 393 

0515-9 5,06 0,73 0,35 Ks_21+962_4 393 

0515-10 5,29 0,18 0,484 Ks_21+962_5 393 

0515-11 0,85 0,37 0,05 Np_10+513_1 340 

0515-12 1,74 0,69 0,08 Np_10+513_2 340 

0515-13 0,81 0,31 0,68 Np_10+513_3 340 

0515-14 0,85 0,3 0,047 Np_10+513_4 340 

0515-15 1,05 0,24 0,062 Np_10+513_5 340 

0515-16 1 1,45 0,071 Np_9+380_1 281 

0515-17 1,17 1,51 0,082 Np_9+380_2 281 

0515-18 0,86 1,56 0,071 Np_9+380_3 281 
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0515-19 1,1 1,44 0,083 Np_9+380_4 281 

0515-20 1,61 1,19 0,39 Np_9+380_5 281 

0515-21 0,02 1,24 0,093 Np_9+861_1 396 

0515-22 0,3 1,21 0,055 Np_9+861_2 396 

0515-23 0,96 0,97 0,053 Np_9+861_3 396 

0515-24 0,93 1,29 0,063 Np_9+861_4 396 

0515-25 0,31 1,47 0,055 Np_9+861_5 396 

0521-1 0,68 1,9 0,103 Np_9+004_1 294 

0521-2 1,07 1,5 0,087 Np_9+004_2 294 

0521-3 0,99 1,31 0,07 Np_9+004_3 294 

0521-4 1,3 1,62 0,065 Np_9+004_4 294 

0521-5 1,45 1,49 0,082 Np_9+004_5 294 

0521-6 1,78 0,86 0,066 Np_8+663_1 270 

0521-7 1,67 1,11 0,08 Np_8+663_2 270 

0521-8 1,61 0,92 0,079 Np_8+663_3 270 

0521-9 1,83 0,95 0,073 Np_8+663_4 270 

0521-10 1,72 0,8 0,067 Np_8+663_5 270 

0521-11 1,1 0,98 0,062 Np_6+893_1 396 

0521-12 0,8 1,43 0,056 Np_6+893_2 396 

0521-13 1,2 0,84 0,064 Np_6+893_3 396 

0521-14 0,5 1,33 0,688 Np_6+893_4 396 

0521-15 0,91 0,87 0,06 Np_6+893_5 396 

0521-16 5,8 0,76 0,418 Np_14+742_1 249 

0521-17 7,29 0,83 0,314 Np_14+742_2 249 

0521-18 6,49 0,5 0,385 Np_14+742_3 249 

0521-19 6,37 0,92 0,218 Np_14+742_4 249 

0521-20 4,71 0,74 0,301 Np_14+742_5 249 

0521-21 1,28 1,96 0,167 Np_15+890_1 249 

0521-22 1,47 1,74 0,175 Np_15+890_2 249 

0521-23 1,55 1,73 0,176 Np_15+890_3 249 

0521-24 1,42 2,05 0,187 Np_15+890_4 249 

0521-25 1,17 1,68 0,152 Np_15+890_5 249 

0521-26 1,24 2,05 0,182 Np_18+545_1 384 

0521-27 1,42 1,99 0,177 Np_18+545_2 384 

0521-28 1,2 1,78 0,16 Np_18+545_3 384 

0521-29 1,3 1,65 0,162 Np_18+545_4 384 

0521-30 1,23 1,55 0,131 Np_18+545_5 384 

0521-31 1,15 2,02 0,15 Np_18+821_1 401 

0521-32 2,12 1,08 0,138 Np_18+821_2 401 

0521-33 3,13 1,32 0,117 Np_18+821_3 401 

0521-34 1,85 1,33 0,157 Np_18+821_4 401 

0521-35 1,65 1,3 0,153 Np_18+821_5 401 

0521-36 1,5 1,37 0,141 Np_25+182_1 230 

0521-37 4,91 1,34 0,145 Np_25+182_2 230 

0521-38 3,78 1,24 0,187 Np_25+182_3 230 



Investigation of Causes for Wheel Squeal on Roslagsbanan in Stockholm 
 

46 

 

0521-39 4,53 1,11 0,178 Np_25+182_4 230 

0521-40 4,99 1,01 0,153 Np_25+182_5 230 

0521-41           

0529-1 0,76 1,89 0,103 Ks_0+325_2 264 

0529-2 1,07 1,79 0,125 Ks_0+325_3 264 

0529-3 1,23 1,89 0,136 Ks_0+325_4 264 

0529-4 1,16 1,69 0,124 Ks_0+325_5 264 

0529-5 1,31 1,01 0,082 Ks_0+567_1 294 

0529-6 1,33 1 0,08 Ks_0+567_2 294 

0529-7 1,21 1,06 0,07 Ks_0+567_3 294 

0529-8 1,26 1,07 0,073 Ks_0+567_4 294 

0529-9 1,29 0,98 0,055 Ks_0+567_5 294 

0529-10 0,97 1,34 0,691 Ks_0+845_1 260 

0529-11 1,68 1,24 0,083 Ks_0+845_2 260 

0529-12 1,57 0,89 0,07 Ks_0+845_3 260 

0529-13 1,56 0,87 0,073 Ks_0+845_4 260 

0529-14 1,51 0,81 0,071 Ks_0+845_5 260 

0529-15 1,57 0,77 0,07 Ks_1+033_1 292 

0529-16 1,39 1,05 0,074 Ks_1+033_2 292 

0529-17 1,53 1,06 0,084 Ks_1+033_3 292 

0529-18 1,22 0,64 0,068 Ks_1+033_4 292 

0529-19 1,94 0,35 0,072 Ks_1+033_5 292 

0529-20 1,23 1,19 0,065     

0529-21 0,57 1,32 0,058 Ks_1+237_1 300 

0529-22 0,83 1,66 0,072 Ks_1+237_2 300 

0529-23 0,4 1,74 0,065 Ks_1+237_3 300 

0529-24 0,87 1,73 0,08 Ks_1+237_4 300 

0529-25 0,36 1,76 0,56 Ks_1+237_5 300 

0529-26 0,98 1,63 0,112 Ks_1+239_5 301 

0529-27 1,16 1,38 0,1 Ks_1+239_3 301 

0529-28 1,22 1,4 0,106 Ks_1+239_2 301 

0529-29 1,08 1,35 0,073 Ks_1+239_1 301 

0529-30 1,2 0,99 0,089 Ks_1+046_5 293 

0529-31 3,48 0,87 0,112 Ks_1+046_4 293 

0529-32           

0709-1 5,85 0,6 0,599 Ks_10+264_4 580 

0709-2 5,47 0,72 0,236 Ks_10+264_2 580 

0709-3 6,17 1,12 0,374 Ks_10+264_1 580 

0709-4 6,57 0,8 0,437 Ks_10+264_3 580 

0709-5 6,71 1,17 0,478 Ks_10+264_5 580 

0709-6 1,03 6,74 0,208 Ks_10+272_5 590 

0709-7 0,93 6,62 0,273 Ks_10+272_4 590 

0709-8 0,92 7,33 0,227 Ks_10+272_3 590 

 


