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Sammanfattning

Hector Rail AB ar en Svensk linje trafik leverantor for den Europeiska transportmarknaden
pa spar. Pa en av deras strackor transporterar Hector Rail stora cylindriska pappersrullar i
olika storlekar fran Holmsund till Skévde, och sammanpressat atervunnet papper tillbaka
till Holmsund, med Y25 bogie vagnar. Hjulen till dessa vagnar upplever kross pa lopbanan,
vilket okar underhallskostnaderna. | ett sammarbete med KTH Kungliga Tekniska
Hogskolan gors en studie for risken att utveckla krossprickor vid jamforelse mellan olika
sparkvalitéer, lastfall, hastigheter, kurvor och hjul-ral friktion. Hansyn tas ocksa till
effekten av nedbrytningen av hjulen.

Skillnaden i kross i I6pbanan vid ansattning av de olika indata parametrarna har analyserats.
Positionen langs sparet dar hjulen sannlolikt initierar kross har berdknats sa val som
positionen av kross pa hjulen. Modellen levererar dven kurvfallen som hogst troligen
initierar kross pa hjulen. Detta verktyg kan anvandas for att optimera och effektivisera
verksamheten for godstrafik pa detta (eller andra) spar med hansyn till hjulskador och
planerat underhall.






Abstract

Hector Rail AB is a Swedish line haul provider for the European Rail Transport Market. On
one of their lines, Hector Rail transports large cylinder-shaped paper rolls of different sizes
from Holmsund to Skovde, and compressed recycled paper back to Holmsund, with Y25
bogie wagons. The wheels of these wagons experience surface initiated rolling contact
fatigue, RCF, which is increasing the maintenance cost. In a collaboration with KTH Royal
Institute of Technology a study of the risk of developing RCF cracks when comparing
different track qualities, load cases, speeds, curves and wheel-rail friction coefficients as
well as the consideration of wear is carried out.

The difference in surface initiated RCF when applying the different input parameters is
analysed. The location along the track where the wheels are likely to initiate RCF is
calculated, as well as the location of RCF on the wheels. The model also provides the curve
characteristics that are most likely to initiate RCF on the wheels. This tool can be used for
optimising and further streamlining the operation for freight traffic on this (or any other)
line with respect to wheel damages and planned maintenance.
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Nomenclature and Abbreviations

RCF

BC

ki

As

Rolling Contact Fatigue

Boundary curve line in shake down map
Longitudinal creep force, [N]

Lateral creep force, [N]

Resultant creep force, [N]

Normal force, [N]

Normalized vertical pressure, [-]

Traction coefficient, [-]

Hertzian pressure for cylinder-half space contact, [N/m?]
Contact ellipse semi-axes distances, [m]
Wheels yield stress for pure shear, [N/m?]
Surface fatigue index, [-]

Energy dissipation, [J/m]

Archard’s wear depth, [m]

Wear coefficient, [-]

Sliding distance, [m]

Material hardness, [N/m?]

Wheel/rail friction coefficient, [-]
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1.Introduction

The dominating mode of transportation for large amounts of freight for long distances is
railway transportation. A comparison between road and railway transportation shows that
the market share for railways becomes significant already at 200-300km of distance and
increases to 80% at 1000km [1]. The frequent use of railway transportation, especially
heavy freight transportation, increases the maintenance demand for both rail and vehicle. In
order to have a fully operating train-fleet as well as fulfilling the infrastructure limitations
regarding track forces, the railway operators are required to continuously maintain the
vehicles.

The most common damages on the wheels of railway vehicles can be divided into two
groups; mechanical wear and mechanical fatigue. The wear phenomenon changes the
designed profile of the wheels, which can further increase the damage on both vehicle and
rail due to a worsening of its dynamic behaviour. The fatigue phenomenon also changes the
designed wheel profile, but is more related to exhaustion of the material which can result in
cracks. A change in the wheel profile increases the probability of a major catastrophe such
as derailing. Severe accidents due to fatigue can be tracked back to year 1842, where the
Paris-Versailles accident claimed numerous lives [2].

Hector Rail AB is a Swedish freight transportation company. They operate with their own
locomotives and they rent different types of wagons depending on the costumer and
material requirements. The damages on the wheels increase the material costs for re-
profiling and exchanging wheelsets. In extreme cases this can cause delivery delays due to
unavailable wagons which result in additional costs.

The studied wagons are Y25 bogie-wagons with load-specific containers on top, as seen in
Figure 1 and Figure 2.

Figure 1: Containers for transportation of paper rolls and recycled paper located in the harbour of Holmsund.
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e
Figure 2: Y25 bogie mounted on the wagons used for transporting paper rolls and recycled paper.

The wheel profiles are European standard S1002 and the rail profiles are UIC60 with 1:30
inclination (Swedish standard). The vehicles operate on an approximately 1000 km long
track section in Sweden with standard gauge (1435mm), between Holmsund and Skdvde,
which can be seen in Figure 3.

The material transported is paper rolls. Recycled paper is returned from Skoévde to
Holmsund, which implies that the wagons are never running empty. The design speed for
the wagons is 120km/h. Due to safety issues related to braking and cargo damage, the
maximum speed is however reduced to 100km/h. Previous studies in Hector Rail AB shows
that the most problematic wear for this operation is fatigue cracks, or Rolling Contact
Fatigue (RCF) [3].

X
;Skévde

Figure 3: Railway line from Holmsund to Skévde.
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Figure 4 shows an example of the RCF induced cracks that occur on the wheels of the
wagons operating the studied track.

Figure 4: Cracks induced by RCF on a damaged wheel of a Hector Rail wagon. The cracks are located 85mm from the
flange end (on the tread-side of the wheel) or -15mm from the nominal running circle. Note that the flange is on the right
side and that the ruler has a 10mm offset.

1.1. Objective

The main focus of this paper is the prediction of surface initiated RCF (or surface initiated
cracks) in order to detect the most influencing parameters related to Rail Vehicle
Dynamics. The analysis is done in Swedish-developed Multi-body simulation (MBS)
software GENSYS [4]. The vehicle model is based on the validated model by Jendel [5].
The model has later been modified and benchmarked with Y25 models from three different
universities in the SUSTRAIL project [6].

1.1.1. Wear

This study does not cover wear in the sense that the wheel profile will change. The study
does, however, take wear into account when determining the RCF. Large wear rates can,
and will, ‘polish’ the wheel surface, thus removing the surface initiated cracks. There are
mainly two methods for accounting for the wear which have been used in previous work:
RCF correction factor method [7] and Archard’s wear model [8]. A preliminary analysis
will be performed beforehand in order to decide which method to use.
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2. Methodology

2.1. Surface initiated RCF

As the wheels of the rail vehicles are running on the track, they are experiencing cyclic
loading. The same contact point on the wheel will, for each revolution, be excited by
normal and tangential loads (creep forces). This repeated action will eventually cause
plastic deformations of the material. When the ductility of the material has been exceeded,
cracks will appear. This is the phenomenon known as RCF [9]. Additionally, every track
has certain track irregularities, which will amplify the cyclic loading.

When the plastic deformations appear in the surface of the wheel, visible to the eye, they
are identified as surface initiated RCF. Normally the plastic deformations appear
perpendicular to the resultant creep force. The resulting cracks then appear parallel to the
plastic deformations [8]. This is illustrated in Figure 5.

Forward position
of the wheelset
Fy

Contact patch

Figure 5:

Left: Sketch of surface initiated cracks. Fe, Fy, F and Fz is the longitudinal creep force, the lateral creep force, the
resultant creep force and the normal force respectively.

Right: Cracks on the flange side of a wheel with the same orientation as the sketch [10].

Both materials that are subjected to rolling contact will experience complex stresses. These
repeated cycles of stresses will force the material to respond in four possible ways,

described below and illustrated in Figure 6 [11].

a) Maximum stress in the cycles does not exceed the yield stress of the softer material.
The behaviour will be perfectly elastic.

b) The yield stress above is exceeded. However, due to material hardening, the steady
cyclic state lies within the elastic limit, which is called elastic shakedown.

c) The elastic shakedown limit is exceeded and a closed plastic stress-strain loop is
formed. Here, no net growth of plastic strain is seen. Eventually the material will,
however, get exhausted and brake. This response is called cyclic plasticity or plastic
shakedown.
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d) Plastic shakedown is exceeded and subjected stresses are in the so-called ratchetting
area. An open plastic stress-strain cycle is formed and with each cycle of stress the
strain grows until the material brakes.

As seen in Figure 6, the ratchetting area is the most critical area, and will most likely
initiate RCF.

Ratchetting

L]

FPlastic shakedown

()

Strain &

Limit

Limit

Figure 6: Material response to cyclic loading.
(a) — Perfectly elastic, (b) — Elastic shakedown, (c) — Plastic shakedown and (d) — Ratchetting [11].

When predicting surface initiated cracks, a fast and reasonably accurate method is to use a
so-called Shakedown map as seen in Figure 7. The shakedown map includes the material
response to cyclic loading and is a function of the normalized vertical pressure v and the
traction coefficient T.

The normalized vertical pressure and the traction coefficient are described by

v=to_ _3Ff 1)
ky  2mabk,
and
F2+F?
F ntrE
T=r="% @

respectively.
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Figure 7: Shakedown map with working points as a function of normalized vertical pressure v and the traction coefficient
T. If the working point is on the right side of the BC-line, RCF is initiated [12].

For the normalized vertical pressure: po is the Hertzian pressure for cylinder-half space
contact, F; is the normal load, a and b are the contact ellipse semi-axes distances and ky is
the materials yield stress for pure shear, which is chosen to 300MPa for the steel wheel. For
the traction coefficient: F¢ is the longitudinal creep force and F, is the lateral creep force.
The shakedown map can be seen in Figure 7, where the map is derived under the
assumption that the contact patch is experiencing full slip.

The outer line in the shakedown map, denoted as BC, is the so-called boundary curve line.
If the working point, determined by the coordinate (T, v), is on the right-hand side of the
BC, i.e. in the ratchetting area, there will be an indication of surface initiated RCF. The
boundary curve line is approximated and calculated by
1
BC =-. 3)
By introducing the term surface fatigue index, Flsurs, it is possible to determine if there will

be an indication of surface initiated RCF. Flsurf is the horizontal distance from the BC to the
working point, and can be calculated as
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1 2mabk
Flsurf:T_;:T_ 3Fzy' (4)

Mathematically, if Flsurs> O there will be an indication of surface initiated RCF.

This is a simplification, assuming that the BC is almost vertical (if regarding a proportional
plot for the vertical and horizontal axes) [12]. The region where this assumption does not
hold is for very large traction coefficients T and very low normalized vertical pressures v,
which is not the case since the normal load is very large.

2.1.1. Wear prediction methods

The RCF correction factor method is based on the reasonable assumption that wear is
greatly influenced by the energy dissipation E, where it can be said that wear will be the
dominating form of damage above a certain level of energy dissipation E,. Below a lower
limit of the energy dissipation E;, there will be very little wear and RCF and crack growth
will be dominating. Between these limits the crack growth will slow down. In order to
account for wear, the correction factor is multiplied to Flsut (Eq. 4). If the correction factor
is negative, the wear rate is larger than the crack growth, thus wear is dominant. The
correction factor can be seen in Figure 8.

A

RCF Correction Factor

0 — -
Fy Es
Energy dissipation

Figure 8: RCF correction factor according to energy dissipation per meter rolling distance E [7].

The energy dissipation levels chosen are 125 J/m and 175 J/m for E; and E, respectively,
which correspond to wear rates great enough to remove RCF [7].

Archard’s wear model uses wear depth in order to describe the severity of the wear rate.
The wear depth A¢ can be described by the following equation

ki (As)
A= =R (5)
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where ki is the wear coefficient, po is the Hertzian contact pressure, 4s is the sliding distance
experienced by one point on the wheel and H is the hardness of the softer material in the
contact. Since, according to Archard, the wear depth is a function of the sliding distance,
there will be no wear in the adhesion area of the contact, due to zero slip velocity in this
region.

The wear coefficient ki is a function of slip velocity, pressure, temperature and contact
environment. The coefficients have to be measured, which was done by Lewis and
Olofsson [13] which later resulted in the wear map in Figure 9 by Jendel and Berg [14].
These measurements were obtained under dry contact conditions.

p (Pa)
A
ky = 300 — 400 - 10~
0.8H
k-_q - k4 =
1-10-1074 1-10.10—*
-
30 — 40 10—*
Uslip
(m/s)
0 0.2 0.7 o

Figure 9: Wear map with different wear regions as a function of slip speed and normal pressure [14].

The wear coefficient ky is considered a severe wear region. If surface initiated RCF appears
in this ki-region, wear will be dominating. Thus polishing the surface and removing the
RCF-resulting cracks. The hardness H of the steel wheel is chosen to 2.625GPa.

In the preliminary analysis a comparison between the two wear methods were simulated
with essentially the same results as seen in Figure 10. In order to account for Archard’s
wear model in the simulation software, the contact patch needs to be divided into “brushes”
or a mesh [14]. This slows down the calculation process for the wheel-rail interface, hence
the RCF correction factor method was chosen for the rest of the study.
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Figure 10: Comparison between RCF correction factor method and Archard's wear model for different curve radii.

The shakedown map in Figure 11 shows how the RCF is affected by the wear rate and how

the working points are reduced.

6 T | T

o
T
-~

.

M
T
&

Normalized vertical pressure, v
w

*

=
T

o]

Boundary curve line
No account for wear 7
Accounting for wear

0 1 1
0 0.1 0.2

0.3 0.4 0.5 0.6

Traction coefficient, T

Figure 11: Difference between working points in a sh

ake down map when accounting and when not accounting for wear.

When operating in a curve, RCF normally initiates close to the flange on the outer wheel,

and on the tread side on the inner wheel

. However, cracks are mostly seen on the tread side

of the inner wheel, which has its explanation in how the cracks propagate [15]. In addition

to this, wear is normally greater at th

e flange due to higher tangential forces. For this

reason, the study only covers RCF for the inner wheel.

2.2. Operational conditions
As previously mentioned, the studied

wagons transport paper rolls and recycled paper.

There is a large variety of the size and number of rolls in each wagon. There are, however,
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some trends and three common load cases are studied: Uniformly distributed and standing
rolls (a), a large roll that lies down (too tall to stand up) (b) and uniformly distributed
recycled paper (c). Additionally, three different wheel-rail friction coefficients p where
studied, 0.35, 0.45 and 0.55, adding up to a total of nine different cases. Also, different
track qualities with respect to the track irregularities are studied. The lowest number of
wheel-rail friction coefficient is based on the shakedown map in Figure 7, where surface
initiated RCF appears when the traction coefficient is above 0.3 [11]. Below this limit, the
first yield occurs beneath the surface, so-called Subsurface initiated RCF, which is not
covered in this study.

2.2.1. Vehicle load
The wagons total load, inertia and centre of gravity for the three different load cases
(excluding wheelsets and bogies) are summarized in Table 1.

Table 1: Data for the three different load cases.

Parameter

Load case (a)

Load case (b)

Load case (c)

Total weight, [tonnes]

78

33

54

Moment of inertia (roll, x-axis), [kgm?] 2.05e5 1.27¢5 1.60e5
Moment of inertia (pitch, y-axis), [kgm?] | 6.81e5 3.50e5 5.06e5
Moment of inertia (yaw, z-axis), [kgm?] 7.74e5 4.00e5 5.83e5
Centre of gravity height (from t.o.r), | 2530 2210 2500

2.2.2. Track quality

The track quality is based on deviations from the designed geometry of the track, so-called
track irregularities. Such deviations include lateral and vertical irregularities of the track as
well as deviations from the designed cant and curvature. Track quality is assessed with the
appropriate standards [16], and can be summarized as:

e QN1: Observing of track section or taking maintenance within normal operations
scheduling.

e QN2: Taking short-term maintenance measures.

e QONB3: Track sections that do not represent the usual track geometry, and are
excluded from the analysis.

The values for determining the quality are based on absolute maximum value and standard
deviations of lateral deviations (Alignment) and vertical deviations (Longitudinal level),
and can be seen in Table 2.
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Table 2: Track geometry quality values [16].

Permissible  local | Alignment | Longitudinal level | Alignment l Longitudinal level
speed in km/h Values of quality level in mm
ON1 | ON2 |QN1 |QN2 ON1 |QN2 | ON1 | QN2

Absolute maximum value Ay°max | Standard deviation Ay% and Az°,
and Az%max (mean to peak)

V<80 12 14 12 16 15 18 2.3 2.6
80<V <120 8 10 8 12 1.2 1.5 1.8 2.1
120 <V <160 6 8 6 10 1.0 13 1.4 1.7
160 <V <200 5 7 5 9 0.8 11 1.2 15
200 <V <300 4 6 4 8 0.7 1.0 1.0 1.3

Finally, the track quality is determined with the following limits for the standard deviation:

e Good quality: >55% of track geometry quality belongs to QN1
e Intermediate quality: 55 — 45% of track geometry quality belongs to QN1
e Bad quality: <45% of track geometry quality belongs to QN1.

Figure 12 shows an example of the difference between good and bad track quality for the
longitudinal level track irregularity. This data is obtained from a section on the track
between Holmsund and Skévde which has parts with both good and bad track quality.

20

—Good track quality
—Bad track quality | ]

157

[N
o (03] o

1
(9]

Irregularity, [mm]

=
o

1
=
u

o
(=

0 1000 2000 3000 4000
Time step

Figure 12: Difference between good and bad longitudinal level track irregularity.

2.3. Simulation setup

The simulation is carried out for a single Y25 bogie wagon where the studied load cases
have been added, see Table 1. The track data is obtained from measuring vehicles and the
data-file, with a sampling frequency of 0.5m, includes measured track geometry as well as
all track irregularities. The full track section is divided into 22 bundles of data, where each
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bundle corresponds to a specific track section. A full simulation for one of the bundles was
done. This simulation, together with the post processing, took about two weeks. In order to
speed up the process it was decided to perform a load collective simulation instead. This
method has been used in previous work for the calculation of wear, see for instance [8] and

[7]1.

The bundles are divided into nine curve cases, defined in Table 3. The simulated curve
radii, cants and lengths are then chosen as the average within each curve case. An example
of the bundle between stations Vannas and Mellansel is also shown in Table 3. The speed
of each curve case is calculated using standards for freight traffic, where a lateral
acceleration of 0.65m/s? (equivalent to 0.1m cant deficiency) is allowed [17].

Table 3: Curve cases.

Curve distribution Example of bundle between VVannas and Mellansel
Curve radius, [m] Curve radius, [m] | Cant, [mm] | Constant curve length, [m]
<400 344 115 241

400-600 574 94 611

600-800 700 60 221

800-1000 955 42 329

1000-1500 1047 33 347

1500-2000 1535 15 242

2000-3000 2340 8 272

3000-5000 4365 4 215

5000-10000 5275 2 407

Curve radii above 10000m are considered tangent track, and are not covered in this study.

The track quality of each curve case in each bundle is analysed, and added to the
simulation. If the track quality is intermediate or bad, a good track quality is also studied in
order to see what effects different qualities have on the RCF. Only right-hand curves are
simulated. Since the load cases and wagons are symmetrical, it is assumed that the same
results will be obtained for both right- and left-hand curves. The obtained results are then
added to the corresponding curves in the corresponding track section. Only the result from
the first wheelset in the four-axle wagon is analysed. This wheelset enters a curve at the
largest angle of attack and will experience higher tangential forces than the rest of the
wheelsets. Therefore it is likely to experience a higher surface fatigue index and more RCF.
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3. Results

3.1. Generic results

A parameter study was made in order to understand the effects on RCF from the different
input parameters. These simulations are carried out for a generic, theoretic track which
contains all curve cases from Table 3, a so-called spiral curve, and does not correspond to a
specific track on the line between Holmsund and Skovde. The curvature of the spiral track
can be seen in Figure 13.

%1073 Spiral track

= N
= (05] N (93]
T T T T

Curvature 1/R, [1/m]

©
(0]
T

1

0 1000 2000 3000 4000 5000 6000
Track length, [m]

Figure 13: Spiral track containing all the nine curve cases.

A corresponding design for the average cant in each curve case was also used.

3.1.1. Speed

Different speeds were analysed using the same operational conditions, where the results
show that an increase in speed will increase the RCF value in terms of the surface fatigue
index, which is shown in Figure 14. Here, the results were obtained from a generic 1000m
curve radius case.
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Comparison between different speeds for the inner wheel initiation of RCF on a 1000m radius curve.

Reducing the speed from 100km/h to 80km/h would decrease the surface fatigue index with
some 30%. If the surface fatigue index were close to the boundary zero, this would be the
difference between initiating RCF or not.

3.1.2. Track quality and wheel-rail friction coefficient

Similar

results as in Figure 14 are obtained when comparing different track qualities and

friction coefficients, as seen in Figure 15.

0.2 Friction coeff. 0.55 - Standing (Right wheel) 0.2 Friction coeff. 0.35 - Standing (Right wheel)
—Bad —Bad
0.15 r —Good| - 0.15 - ——Good | -
—Ideal —|deal
0.1r 0.1r
0.05 1 0.05 -
R 5 ol
w w
S -0.05 S -0.05
-0.1 0.1
-0.15 -0.15
-0.2 ¢ -0.2
-0.25 : ' -0.25 : '
400 600 800 1000 400 600 800 1000
Radius Radius
Figure 15: Different track qualities and different levels of wheel-rail friction coefficient for a spiral curve containing all

curve cases in Table 3.
Left: Friction coefficient 0.55.
Right: Friction coefficient 0.35.
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There is a clear difference in surface fatigue index for the different track qualities. The
worse the track quality is, the higher the surface fatigue index. Having ideal track, i.e. no
track irregularities, is the case where there is the lowest surface fatigue index. When
comparing the different friction coefficients, it can also be seen that having a lower friction
coefficient will decrease the surface fatigue index.

3.1.3. Load cases

The three different load cases, and an additional 100 tonnes load case, are compared for the
same generic 600m curve radius curve case. When analysing the surface fatigue index and
considering wear, the results are somewhat surprising, as seen in Figure 16. An increase in
load is expected to give a higher surface fatigue index.

No consideration for wear Considering wear
0.15 i w 0.15 : :
— 100tonnes — 100tonnes
01t —90tonnes || 0.17“ ——90tonnes ||
— 60tonnes —60tonnes
40tonnes 40tonnes
0.05r 0.05 b
+ 0 += 0
Z z
o ey
W -0.05 W 005
=] [¥]
o o
0.1r b 0.1r
0.15¢ 7 -0.15
02 i 02 _mm
1960 1980 2000 2020 2040 2060 2080 2100 1960 1980 2000 2020 2040 2060 2080 2100
X-position, [m] X-position, [m]

Figure 16: Different load cases with an additional 100 tonnes load case, for a 600m radius curve.

However, when increasing the load and therefore increasing the normal force in the wheel-
rail interface, the wear and energy dissipation is also increased. For the 90 tonnes and 100
tonnes load cases, the wear polishes the wheel surface and removes RCF, which is why the
surface fatigue index is lower than for the lighter load cases. When no consideration for
wear is taken, the results are more predictable, with larger surface fatigue index for higher
loads. The 40 and 60 tonnes load cases have low wear rates, which is why the surface
fatigue index is the same whether wear is taken into account or not.

3.2. Track simulations
The following results correspond to the actual track geometry of sections between
Holmsund and Skévde.
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3.2.1. Wheel position

As mentioned previously, the most common locations on the wheel for RCF to initiate
when curving is on the inner wheel’s tread side and on the outer wheel’s flange side on the
first wheelset. The position of RCF on the wheel was studied, and the probability of
initiating on a certain wheel position is shown in Figure 17. These results are obtained from
the full track section using a mix of the three friction coefficients, 0.35, 0.45 and 0.55.

The highest probability of initiating RCF is on the tread side some 20mm from the nominal
running circle. A less likely position of initiating RCF is also on the flange side, some
18mm from the nominal running circle. No extreme differences are observed for the
different load cases.
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Figure 17: Wheel position of RCF for the three different load cases. The plots include data for the whole line and with all
three friction coefficients.

These results can be used to validate the model by determining where the cracks appear on
the first wheelsets of the wagons in the field.

3.3. Track sections with RCF

Results from the track qualities show that only three of the 22 bundles have sections with
bad track quality, which in this particular case are the section between Véannés-Mellansel,
Ramsjo-Ljusdal and Jadersbruk-Frovi. The effect of applying a good track quality to these
sections was studied with promising results, as seen in Figure 18. This figure shows an
example of a short section between Vannds-Mellansel, where the tracks GPS-coordinates
are plotted. The train is assumed to be south bound, and only the results of right-hand
curves and inner wheel are shown.



Results | 17

%10’
7.066 1
7.0655 T Track 1
O Good track quality
z % Bad track quality
g 7.065¢ 1
(U]
7.0645 T
7.064 T

6.855 6.86 6865 687 6.875 6.88
GPS-E «10°

Figure 18: Comparison between good and bad track quality for a section between Vannas-Mellansel. Plot shows
initiation of RCF for the inner wheel in right-hand curves (south bound train).

The number of points where RCF is initiated are significantly reduced, which is why track
quality is an important feature.

Another way of showing the same thing is with a curvature plot, as seen in Figure 19.
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Figure 19: Curvature plot with RCF points for good and bad track quality for a section between Vannéas-Mellansel.

Here, a right-hand, 400m radius curve is shown, where the number of RCF points along the
track are reduced due to better track quality.
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3.4. Results summary

All track section and friction coefficients are summed up and compared in the density plot
in Figure 20, where the size of the bubbles correspond to the number of occurrences of
RCF. The track quality for these results correspond to the actual track quality for each
curve case. The results have been weighted with the number of simulation points. This is
done so that the curve cases and load cases can be compared with each other, even if some
curve cases appear more frequently than others.

RCF density
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Figure 20: RCF density plot for the three load cases as a function of surface fatigue index and radius.

The largest occurrence of RCF is for the standing load case in curves between 800-1000m
radii and a surface fatigue index of 0.1-0.2. What is interesting is that for tighter curves and
higher surface fatigue indices, only return paper and lying load cases are found. The
explanation for this is related to wear, where the standing load case has a larger wear rate in
this operating condition, which removes the cracks. This is explained previously in Figure
16, where the heaviest load cases have a lower surface fatigue index due to wear.

The occurrence of RCF for the three load cases is also compared in the three pie-charts seen
in Figure 21, one for each load case. This gives a clear representation of the most severe
curve cases on the whole line.
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Figure 21: Number of RCF occurrences as a function of curve radius.

All of the three load cases have RCF more frequently in the 800-1000m curve case. The
adjacent curve cases 600-800m and 1000-1500m also have a high number of RCF. Since
the speed profile for these curve cases follows the standards for freight vehicles, the speed
is somewhat lower for the tighter curves. This is one reason why all load cases have low
numbers of RCF for the tightest curves. The influence of speed in RCF was previously
shown in Figure 14.

Finally, all three load cases number of RCF occurrences are compared in a pie-chart, seen
in Figure 22.

Load cases

m Lying m Retur = Stand

Figure 22: Number of RCF occurrences compared between the three load cases.

Standing paper rolls and the recycled load cases give about the same number of RCF. The
lying paper roll load case, which also has the lowest weight, has a lower number of RCF
occurrence. However, in practice it has roughly the same amount as the heavier load cases.
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This is explained by the aforementioned higher wear rate of the heavier load cases. Note
that these values have been obtained from one run each, meaning that the standing and
lying load cases are simulated from Holmsund to Skovde and the recycled paper load case
is simulated from Skdévde to Holmsund. In reality, the standing and lying load cases will
both be recycled paper load cases on the way back to Holmsund, i.e. the absolute values
would be different, since recycled paper load cases have a higher proportion of the total
travelling distance.
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4.Conclusions

The results of the proposed model provide the vehicle operator with the curve cases that are
more prone to generate RCF. The load collective method is a relatively fast method to use,
as compared to running the simulation with the full track data. The load collective method
can be made more accurate by increasing the number of curve cases, but at the same time
increasing the number of simulations which is more time consuming.

It is concluded that an increase in the speed and friction coefficient will indeed increase the
surface fatigue index. It is also concluded that bad track quality has a negative effect on the
RCF. By evaluating the track quality, it is also possible to locate track sections which could
be maintained for better ride quality for the vehicles, which in this case was the sections
between Vannas-Mellansel, Ramsj6-Ljusdal and Jadersbruk-Frovi.

The results in Figure 17, which contains the wheel position of RCF are a good way of
validating the model, simply by studying in-field wheel damages and RCF.



22 | Future work

5. Future work

What would be interesting from a Hector Rail point of view is to study the effects of
inertias and loads more closely. As an operator, it is desirable to fully utilize the axle load
on the wagons when transporting the freight. However, it is possible that there is an optimal
way of loading the wagons, with respect to inertias and weight, that would minimise the
occurrences of RCF on the wheels. The decrease in cost for RCF then has to be compared
to the possible increase in number of wagons needed in order to fulfill the customer
requirements.
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