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Sammanfattning

I vagnsflottan Hector Rail kor for SCA Skog ar hjulskador ett problem aret om. Malet med
detta arbete &r att lista ut varfor, och vad som kan dndras for att forbéttra situationen. Som
en jamforelse kor Hector Rail samma vagnstyp, sgnss, for tva andra kunder (Stora Enso och
SCA Logistics) och de har betydligt farre skador. Detta gor det mojligt att jaimfora de olika
trafikernas kdnnetecken for att sortera ut deras vésentliga skillnader.

Skadorna pa SCA Skog-vagnarna dr néstan bara hjulplattor. I Stora Enso-vagnarna finns
dven ddr lite hjulplattor medan det 1 SCA Logistics-vagnarna néstan inte dr nagra alls.
Hjulplattor uppstar enbart om det finns en 18st hjulaxel i ett fordon som ror sig. Detta kan
dock uppstd av flera olika anledningar. Studerar man data frn verkstdder och automatiska
detektorer ser man att flest plattor uppstar i &ndarna pa taget. Nagra andra monster dr att det
ar nigot farre plattor pa de tva inre hjulparen pa vagnarna, samt pd Stora Enso-vagnar som
tillfalligt kor i SCA Skog-trafiken.

Flera olika atgdrder foreslas dérfor for att minska antalet plattor. Nér det géller plattor i
andar pa taget kan det avhjélpas med en utbildningsinsats pa den mindre anvénda
forarventilen, RHZE2, med betydligt hdgre kapacitet. En annan atgird for samma syfte ar
att implementera en sista-vagnen-enhet som mater lufttryck i slutet pa taget. Att de inre
hjulparen inte far lika mycket plattor beror troligen pa att en av tvad bromsblock dér inte kan
frysa fast. For att avhjilpa det ska man undvika att taget kor ivdg med fastfrusna block,
genom att till exempel kora fram och tillbaka med taget vid rodljus. Slutligen, vad géller att
Stora Ensos vagnar sé bryter de troligen loss sig sjdlva fran is lattare da de viger mer. Att
satta dit en till gavel pd SCA Skog-vagnarna kan forbéttra det faktumet.






Abstract

In the SCA Skog wagon fleet run by Hector Rail, wheel damages are a serious problem all
year. The goal of this work is to find out why, and what changes can be made to decrease
them. For comparison, Hector Rail does run the same sgnss type wagons for two other
customers (Stora Enso and SCA Logistics), and those are much less damaged. This makes
it possible to compare the different attributes of the customers’ wagon traffics to single out
the influencing factors.

The SCA Skog damages are almost only wheel flats. In Stora Enso there are a few wheel
flats while in SCA Logistics there is almost none. Wheel flats can only occur if a wheelset
is blocked in a moving vehicle. That could however be due to a few different reasons.
Studying data from workshops and automatic detectors, it was found that most flats occur
in the ends of the trains. Some other patterns were that the inner wheelsets on wagons had
less flats, and Stora Enso wagons temporarily moved to the SCA Skog network had less
flats too.

Therefore, the similarities and differences between these networks are studied and
classified regarding their influence on wheel damage, and several different actions are
suggested afterwards to decrease the number of flats. For the flats in the ends of the train is
the remedy to teach the drivers the second, but better, driver valve RHZE2. Another remedy
for the same purpose is to implement an end-of-train device that measures air pressure in
the end of the train. That the inner wheelsets cope better is probably because one of two
brake blocks there cannot freeze to the wheel. Therefore one action is to prevent running
with frozen brake blocks by for example moving the train back and forth at red light.
Lastly, when it comes to the Stora Enso wagons they probably break free from ice easier as
they are heavier, so an extra wall added on the SCA Skog wagons might improve the
situation.
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Nomenclature

Abbreviations

ATC Automatic Train Control

ETCS European Train Control System

TTJ Trafikverket’s  regulations for the railroad (Trafikverkets

Trafikbestimmelser for Jirnvag)
RCF Rolling Contact Fatigue

TSO Technical Specification Operation
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1 Introduction

All year round, wheel damages cause considerable expenses and delays in the SCA Skog
wagon fleet run by Hector Rail. Especially in autumn and winter, wagons queue up outside
the workshop waiting for wheelset reprofiling'. This provides a small margin for when the
promised traffic can no longer be maintained. Each train that has to be shortened due to
lack of wagons is a loss of income and reputation, therefore it is crucial to counteract these
damages.

Luckily, there are other wagon fleets that do not damage the wheels as much, so it might be
possible to find what they have, and do not have, in common. Hector Rail runs three sgnss
wagon fleets with the same container wagon base; SCA Skog, SCA Logistics and Stora
Enso. Still it is just SCA Skog that has such a serious damage problem. What is differing
are several factors; tracks, locomotives, cargo and workshops just to give a few examples.

Furthermore, there are a lot of data on the damages from both workshops and automatic
detectors. By comparing this data with the differences and theory on how the damages form
it could be possible to determine what factors are causing the problem. All underlying
operational differences are hence listed. To achieve an understanding of what could result
in a damage, a literature study on damage modes is done. To make sure that the resulting
damage modes are treated the same way, the evaluation and detection of damages in each
wagon fleet is also looked into.

The goal of the work is to achieve an improved understanding of the system and provide
qualitative recommendations of changes in the setup of today in order to reduce
maintenance costs in the SCA Skog network.

1.1 Delimitations

Only the most influential causes of damages in SCA Skog will be handled. Moreover, the
focus will be on finding possible causes and what could be changed to improve them.
Detailed solutions are outside of the scope of this report.

1.2 Method

For the damages a literature study will be performed. To find differences between wagon
fleets, interviews and Hector Rail material will be studied. Detector data and repair data
from the workshops will be studied to find damage patterns.

! To reprofile means to machine off the damaged part of the wheel tread. In reality the wheelset can instead be
exchanged and the damaged one sent off to reprofiling, this is the case for Hector Rail’s wagons.
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1.3 Report disposition

In 2 Damage theory all required theory is handled. This includes the cause and appearance
of different damages, as well as limits of them for operation. Lastly are also the detection
and classification brought up.

In 3 Damage data, the results found when studying detector and repair data are presented,
and the reliability discussed.

In 4 Discussion — causes of flats, all possible causes of flats are presented and compared
with the damage data.

In 5 Conclusions, the important differences and causes are summarized, and improvements
suggested.

Lastly in 6 Future work are interesting future extensions of the work proposed.

1.4 Background

A summary of previous knowledge that is of interest when studying wagon wheel damages.
As the damages appear on the wagons, a detailed description of the wagons themselves is
made in the first subsection. However, the wagons are influenced by several other areas too
— the tracks, the cargo, the locomotives, etcetera — therefore an overview of those is given
in the second subsection. Lastly, in the third subsection, statistics of wheel damages are
studied to get a hold of the influence of different damage modes.

1.4.1 Running gear

Table 1. Overview of wagon fleets

Wagon fleet Cargo Wagon type
SCA Logistics ‘ Paper Sgnss
SCA Skog ‘ Timber Sgnss
Stora Enso ‘ Timber Sgnss

All three wagon fleets are basically using the same wagon. As can be seen in Table 1, they
are all of the same wagon type. More specific data of the type is presented in Figure 1 and
Table 2. However, instead of hauling containers, they are modified to be able to carry their
specific cargo. The only thing that varies between and within wagon fleets is the production
series, which just means that they are produced at different times and small details could
differ. The wagons have two Y25 bogies with 2 wheelsets in each.
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Table 2. Technical data AAE sgnss wagon [1]

Technical data Length/weight
Length over buffers | 19.640 m
Weight | 20 tonnes
Max. axle load | 22.5 tonnes
Wheel diameter | 920 mm

----------------------- - - W

M K
s A"l’?&. 5

Y

Figure 1. AAE Sgnss wagon. [1]

The braking system consists of block brakes in a pneumatic system, see Figure 2. Pneumatic
brakes are using air both as a mean to signal when to brake and as braking force. When
applying the brake, air is released from the main pipe through the driver valve. The control
valves in each wagon can sense even a small change in pressure and will react gradually
from front to end of the train. One by one they will open a channel between their storage
reservoir and the brake cylinder, applying brake force.

The bigger the pressure change created by the driver valve is, the bigger is the flow allowed
from the storage reservoir, and the bigger braking force. The result is a braking force
dependent on the braking need. If all pressure is lost in the main line, maximum braking
power is applied, creating a failsafe system. If emergency braking, the system is also
emptied completely as the priority is to stop fast. [2] This means that the wheels
experience huge forces, which can block the wheels, generating wheel flats. Therefore, at
regular maximum brake the system is not emptied.

In order for the brake to be released, there must be 5 bar pressure in the main pipe. When
trying to release the brake, the main pipe will connect to the storage reservoirs and recharge
the whole system to 5 bar again. Not until it has reached 5 bar will the brakes loosen. [2]
Therefore, after braking there is a recharge time before the brakes have released the wheels.

The brakes are also adjusting to the weight of the wagon. This is due to a load dependent
braking system. This means that valves sense the weight and change the braked weight?

2 A measurement of the braking capacity
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accordingly. In these particular wagons, there is one valve in each bogie. Consequently,
each bogie will brake its own weight.

Standardised P brake according to UIC

1 Compressor 3 Driver valve

P For each
4 Main pipe :
N 5 vehicle

5 Main reservoir l_5 Control valve Ambient air

6 Storage reservoir 7 Brake cylinder
| |

Figure 2. Pneumatic brake. [3]

Theoretically also the time used to apply and loosen the brakes is somewhat adjustable.
This is due to the possibility to use two different braking classes, P or G. G = normal brake
cylinder pressure with slow addition and retraction. P = normal brake cylinder pressure
with fast addition and retraction. However, Hector Rail is just using brake class P (or R, for
passenger trains). G is not used in any train operated by Hector Rail today. To be able to
use G, for starters the pre signalling distance must be enough and the infrastructure
manager must have published settings for brake class G.>

The brake block material is cast iron. Some of its characteristics are

e Roughens up the tread, causing wear but also providing good friction
e The wear on the tread can remove small surface cracks
e Strong dependence on speed for the friction coefficient, see Figure 3.

Friction coefficient

0.4 Cast iron against steel
~ Organic or sinter material against steel
0.3+
0.24
0.1
0 : } " p Speed
0 50 100 150

Figure 3. Block brake friction coefficient. [4]

3 Hector Rail internal document ”Broms”, document number 1.61.11, issue 1, 2015-12-13
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1.4.2 The wagon fleets

I
f
!
A

Figure 4. SCA Skog wagon.

In SCA Skog timber is collected in the inland and hauled to factories close to the coast. In
SCA Skog some big loading locations are Storflon, Hoting, Bensjd and Ostavall; while
some big unloading locations are in Pitea, Ragon, Dynis, Timra, Tova and Iggesund. In
terms of track usage however, about 70% of the runs are made between Ange and
Sundsvall [5]. In the remaining 30% is included running on small lines in the forest. The
Forsmo — Hoting track is an example, with jointed track* without catenary system. There
are also some runs on Botniabanan, where the locomotives have to be equipped with the
ETCS-system. All wagons start from Ange.

As can be seen in Figure 4, the wagons are equipped for timber hauling. However, only one
end of the wagon has a wall as extra protection against timber fall off. A wall must always
be first and last in the set of wagons according to Hector Rail’s own regulations, which
entail a need for additional shunting when the configuration does not comply with the
specifications.

The SCA Skog wagons were recently upgraded to the same braked weight as the other two
wagon fleets. Starting in November 2014 and finishing in November 2015 all wagons
exchanged the 58 tonnes brake to a 72 tonnes brake. A more powerful brake means an

4 Jointed track is the older kind of rail that is not continuously welded as the modern railroads. Instead,
lengths of rail are mounted with some distance between them to allow movement.
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increased risk of blocking the wheels. As this was initiated after the problem of the wheels
having a considerable amount of damage was exposed, it is expected to get worse.

Figure 5. SCA Logistics wagon. Photo: Hector Rail.

In SCA Logistics run Munksund (Pited) — Holmsund (Umed) — Skovde. The cargo is paper
rolls in southbound trains (Munksund — Holmsund — Skdvde) and recycled paper in the
northbound ones (Skdvde — Holmsund — Munksund). In both Holmsund and Munksund
paper is loaded and recycled paper is unloaded. The produced paper is going either to the
harbour in Umed or to Skovde. SCA Logistics mostly run on the main line, which is all
electrified. All wagons start from Umea.

The wagons have custom made containers mounted on top, see Figure 5.
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Figure 6. Stora Enso wagons. [6]

In Stora Enso the wagons go between Virmland and Norway. In Norway some main lines
only allow 20.5 tonnes of axle load, and thereto with a speed restriction [7], therefore they
are not as laden as the SCA SKOG wagons. In Norway the tracks between Elverum —
Hamar and Kongsvinger — Auma are not electrified. This gives about 50% diesel operation
(disregarding terminals) of the total. In Stora Enso some big terminals are Koppang, Kvam,
Auma and Elverum. The timber is then unloaded in the Karlstad area. All wagons start
from Kil.

In Stora Enso the wagons are also equipped for timber hauling, see Figure 6. In contrast to
SCA Skog though, they have walls at both ends of the wagon, meaning that any given set
of wagons is always in a configuration ready to leave. They also have more timber beams
and support beams on each wagon, resulting in a higher empty weight.

Locations and tracks the three wagon fleets travel are plotted in Figure 7 and some general
facts about the traffic in the different lines can be seen in Table 2. Some important facts are:
SCA Logistics is the only wagon fleet not being run empty, there are different locomotives
for the wagon fleets, and all wagon parks have a little over 100 wagons each travelling 90 —
115 kkm/wagon/year. One more important fact is that the terminals in Stora Enso and SCA
Skog are closer to the starting location — SCA Logistics run a lot longer to the terminal in
Skovde. This means that, as the travelled wagon kilometres are about the same, SCA
Logistics does fewer runs.
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Figure 7. Map of the different routes. Green SCA Logistics, blue SCA Skog and purple Stora Enso.
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Table 3. Characteristics of each traffic. Shunting at terminals not included.

Traffic characteristics SCA Skog SCA Logistics Stora Enso
Loaded weight of wagon | 90 tonnes 90 tonnes 80 tonnes
Empty weight of wagon | 22 tonnes 30 tonnes, but not 23-24 tonnes

often run empty

Number of wagons/train | 15, 24 or 30 24-27 Up to 28

Electric locomotive | 142 (~90% of traffic)  Traxx (north), 143 161 (~50% of
(south) traffic)
Diesel locomotive | TMZ (~10% of - TMZ (~50% of
traffic) traffic)

1.4.3 Wheel damage statistics

It is important to know what damages are occurring to be able to prevent them. Statistics is
obtained over what damages the different wagon fleets have been classified with in the
workshop, see Figure 8. Note that this means that there is a lag from when the damages
occurred. All occurring damages are included in the figure. Derailailments, hot box and
dragging brakes are however damage modes that are caused by other damages or faulty
equipment so they will not be addressed further. Those are also of limited extent. In all
three wagon fleets, the most common reasons for exchanging of wheels are tread cracks and
wheel flats.

In both SCA Logistics and Stora Enso, the total number of damages are a lot fewer than in
SCA Skog. Also the damage modes vary. On the SCA Logistics wagons wheel flats are
very few. On the other hand it can also be noted that tread cracks is a common problem. In
the Stora Enso wagon fleet, wheel flats are however very common. It is however not of the
same magnitude as SCA Skog, but seem to experience many wheel flats at times.

In contrast, in the SCA Skog wagons the wheels have a huge damage problem all year
round. It is of such magnitude that due to the big amount of wheel exchanges in the winter,
sometimes the workshop runs out of fresh wheelsets. This happened for example in
February 2015; in two weeks they had no wheels, which explains the sudden dip. The
dominating damage mode is wheel flat.

Therefore, tread cracks and wheel flats are the important damages. As the problem in SCA
Skog is mainly due to wheel flats however, they are the most important issue.
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SCA Skog
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Figure 8. The number of wheelsets needing reprofiling sorted on damage type, number of wagons affected for

comparison.
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2 Wheel damage theory

Theory behind damages is important to study for several reasons. Firstly for understanding
how the damages occur so they can be prevented. Just the existence of a damage is however
not enough to condemn it, it must exceed certain limits. To make sure the workshops treat
damages the same way, the detection and classification procedure is also crucial. These
areas are therefore studied in this chapter.

2.1 Wheel damage modes

For each damage it is crucial to know how they can be recognized, how they occur, what
influence they have and what happens if continuing to run with them. As the damages in
the statistics in section 1.4.3 mainly was wheel flats or tread cracks, those are the focus
areas. However, as some damages could lead to or occur instead of other damages, some
other relevant damages are treated in section 2.1.3.

2.1.1 Wheel flats

A wheel flat is a scraped-off part of the wheel tread, see Figure 9. This is caused by a
blocked wheelset in a moving vehicle [8]. As the vehicle keeps moving, the material in the
contact patch is grinded off. Some reasons for a wheelset to become blocked are [9]:

e The brake has applied too much force, for example due to emergency braking
e A brake block has frozen to the wheel after braking
e Brake has not been released when the driver starts moving the train

In the case of partially blocked, the result could be several subsequent small flats as in
Figure 10.
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A significant and
freshly created
wheelflat as the
result of a partially
blocked wheelset

Figure 10. Wheel flat due to partially blocked wheelset. [8]
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An experimental study [10] where a real trainset locked the brakes to generate wheel flats,
found that flat growth is fast in the initial seconds and thereafter slows down significantly.
As an example did they find that a 5 second locking time in 20 km/h gave a flat of 40 mm,
while 25 seconds locking just had it extended 10 mm more. The sheared-off material piles
up behind the flat afterwards, see Figure 11, even if it often falls off after some rolling [11].
With continued operation, the flat will increase in length but keep its depth, see Figure 12.
“Small” flats are however worn or pounded off [12].

Figure 11. Huge freshly made flat, with sheared off material piled up. Photo: Swemaint.

A wheel flat causes impact loads on the rail, the amount of which depend on length and
depth of the flat, speed, axle load, unsprung mass and properties of the track [13]. However,
the peak contact force depend mainly on the depth of the flat and not so much on the length
[14]. Wheel flats have medium derailment potential and will cause out-of-round wheels
over time [15]. Other issues with wheel flats are that they can cause damage on the bearings
and axles if left unattended [16].



14 | Wheel damage theory

CHANGES IN 4" MACHINED FLAT PROFILE
20
o- -
:
E -20-1
g 40"
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DISTANCE ALONG TREAD CIRCUMFERENCE (IN)

Figure 12. Flat evolution over time. [17]

The sheared-off material is however not the only damage in a wheel flat. The friction
between the wheel and brake blocks or rail give rise to temperature increases in the contact
area. The heat can cause tensions and material reallocation in the wheel, which reduces its
strength [2]. If the temperature gets high enough, the material could even experience phase
transformations [15]. Different phases of the same material can have very different
characteristics. Martensite for example is very brittle and risk cracking under the cyclic
load, causing risk of spalling explained in the next section. Martensite is formed through
heating until the material is fully austenized, with subsequent rapid cooling. [18] As the rest
of the wheel is cold the cooling is rapid, therefore wheel flats often result in martensite
spots. The same experimental study as above [10] found however that smaller flat length
did not necessarily mean smaller depth of martensite formation. Some parameters found
that influence the phase transformation are axle load (more means more generated heat and
wear), speed (the same as load), climate (influences friction) and lastly shorter locking time
(faster cooling) [11].

2.1.2 Tread cracks

The type called surface induced RCF is initiated close to or on the surface. It appears on the
surface due to frictional stresses. When the wheel/rail contact is subject to large frictional
loads, such as braking and curving, plastic deformation will occur if the stresses become
sufficiently big to deform the material. After several deformations this will finally lead to
fatigue cracks forming. Where the cracks meet, material will fall out.
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Another possibility is that it is formed close to the surface. In this case, voids form within a
few millimetres below the surface in the cyclic compression, which then propagate into a
crack [19]. The crack is forming a shallow angle out of the material [15]. This kind is often
called shelling in literature (note the differences compared to deep shelling described in
section 2.1.3). Shelling is often happening in loaded wagons, where the sliding is low and
the load is big [19]. To the right in Figure 13 a combination of these damages can be seen.

Figure 13. Surface induced rolling contact fatigue. [8]

It is possible to study the deformations and cracks on the surface to determine what caused
them. Firstly, there are four zones on the wheel tread each representing the contact zone in
different cases, see Figure 14. Braking is mainly done in the middle of the tread, zone 3, and
the low rail wheel in curving is in contact in zone 1 [20]. As the high rail wheel in curving
is pressed against the rail with its flange it is mainly in zone 2. Damages in zone 4 are the
result of a large lateral force. [8] Secondly, as also can be seen in Figure 14, the direction of
the cracks in each case varies. This is due to the fact that the fatigue cracks resulting after
enough deformation cycles will form perpendicularly to the prevailing deformation
direction. For example in the case of under radial curving, illustrated in Figure 15, the
resulting forces for each wheel can be compared to the cracks in Figure 14.
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Figure 14. Wheel tread damage zones. [8]

Figure 15. Typical curving situation, under radial. [21]

It is shown that braking moments cause cracks in wheels, while traction causes cracks in
rails. In under radial position the high rail wheel experiences traction while the low rail
wheel experiences braking. [20] Therefore, zone 1 RCF is more common than zone 2 RCF.
In Figure 16 it can be seen in which direction cracks in the wheels open compared to the
force of the braking moment.
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The consequences of surface induced RCF are a deteriorated rolling contact, a risk of
developing into an out-of-round wheel (described in next section) [15] and a low risk of
derailment.
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Figure 16. Crack opening in wheel and rail. Braking opens the crack in the wheel, traction the one in the rail.
[20]

Spalling is another damage classified tread cracks. It manifests through material fall out in a
limited area, as illustrated in Figure 17. Spalls are initiated through cracks from martensite
spots [22]. Hence, they are not uniform around the wheel. The cracks start radially and
could later deviate into circumferential direction instead [19]. Also in the cracks caused by
spalling, fluid can be trapped in the cracks resulting in an increased growth rate in wet or
snowy conditions [15]. Spalling is a problem mainly seen in empty cars, where adhesion is
low and there is a high braking ratio, due to the low weight [19]. If left unattended, spalling
might develop into out of round formation, see next section [15].

In the cracks caused in both surface induced RCF and spalling, certain conditions speed up
the crack growth. If the wheel first is exposed to dry conditions where cracks are initiated
due to the high friction, and then gets wet, the moisture inside the cracks during the next
load cycle will speed up the crack growth. [23] Winter is such a condition with dry air and
snow [24]. The capillary action of the small cracks will make sure the fluid goes into even
the smallest crack. Thereafter, the hydro-pressure caused when the crack meets the rail will
increase the crack. The phenomenon, but for a rail, is shown in Figure 18. The same principle
applies to cracks in the wheel though, as it can be seen in Figure 16 that the cracks open in
the same way. However, it is beneficial if lubrication is applied in the beginning before
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cracks occur. A lubricated surface reduces friction and thereby also the stresses in the
material causing the cracks.

Figure 17. Spall. Photo: Swemaint.

direction of movement

fluid

Figure 18. Fluid trapped in crack. [25]

2.1.3 Other wheel damages

As stated in the beginning of section 2, other damages could also be relevant to study even
though they are not as common in the statistics today. If a damage occurs instead of/results
from a common damage, it is still important. Therefore, some such damages are handled in
this section.
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Thermal damage

Wheels can be damaged from a too high heating of the outer layer of the wheel, often
related to tread braking. In a mild form cracks very similar to surface induced RCF can
appear. RCF and thermal damage often promote each other. A steep inclination of the
cracks indicates a big influence from thermal loading, while a shallower one indicates
mostly RCF [24].

In a severe heating the cracks can extend radially into the wheel, eventually causing a
brittle fracture [24]. Therefore such cracks have a moderate derailment risk [15].

Wear

Wear is also initiated by plastic deformation and subsequent initiation of cracks, just as
surface induced RCF in the previous section. The cracks do however not grow deeper but is
instead branching back to the surface, causing layers of the material to fall off. Wear and
RCF are interlinked; if small crack growth in RCF then the cracks will wear off, if instead
limited wear then RCF cracks will grow until failure [26]. Thereby, decreasing RCF could
just mean that wear forms instead. Wear is dominating over RCF where there are big loads
and no lubrication, such as on the flange [21]. If for example the wear causes a hollow tread
it means a moderate derailment risk [15].

Wheel tread build-up

Wheel tread build-up is material welded to the wheel due to massive braking. It consists of
debris from brake blocks, wheel and rail. These built-up treads could damage the track and
bearings [15], due to the impact force.

Wheel tread build-up is important as the brake block material plays a big role. [15] Change
of material should therefore be done with this in mind.

Out-of-round wheels

Wheels lose their roundness when certain tread damages are left unattended and become
pounded out. Wheels could also turn out out-of-round if for example the axle is no longer
in the middle due to off-centre mounting, non-uniform braking or bad reprofiling. A non-
round wheel is difficult to spot but causes high impacts on the track, bearings and wagon.
In addition, it has a medium derailment potential. [15]
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2.2 Wheel damage regulations

A wheel damage is condemned if its size is above certain limits. Each infrastructure
manager sets their own limits of allowed wheel damages on their track. In Sweden, there
are two different track owners present where the three concerned customer wagon fleets
might run on: Trafikverket and Inlandsbanan AB. On the tracks that Trafikverket owns, the
following rules apply (own translation):

o If the wheel flat or other damage is or is suspected to be longer than 60 millimetres
or consists of a build-up on the wheel tread that is or is suspected to be higher than
1 millimetre, the vehicle is to be run at maximum 10 km/h. In agreement with the
signaller/traffic management the vehicle may continue to the closest suitable
operation site where it can be switched out and left put.

e Wheel flats with a distribution of between 40-60 mm is allowed to continue to the
final destination, but cannot have new cargo until the wheel is examined and
rectified. [27] What is the scope of the examination after the warning alarm is up to
the railway operators themselves to decide. [28]

For the Inlandsbanan tracks, the limit is set on the same level of distribution but there are
restrictions on speed in the 40-60 mm case if the temperature is below -10° c. [29] In
Norway the rules are (own translation):

e Maximum wheel flat or material fall-off is 60 mm for wheels with a diameter of or
above 920 mm, and 40 mm for wheels with a smaller diameter. [30]

A direct consequence of exceeding any of the track limits are delays, perhaps even to have
to leave the wagon behind. Additionally, if continuing to run, the damaged wheel could
break the track or derail, which is extremely costly and could even lead to fatalities.
Therefore, it is important to find and rectify damages in time. The workshops follow stricter
regulations called TSO?, to prevent vehicles from getting out on the track with the risk of
developing big damages. TSO limits for tread damages are presented in Table 4.

Table 4. TSO tread damage limit.

Damage mode Limit
Cracks, wheel flat | hp <40mm
Tread build up | Ma <0.5 mm
Material fall out ‘ Mb < 30 mm long, Mb <2 mm deep

5> Technical Specification Operation, AAE’s own standard of maintenance
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In GCU® and TSO it is regulated that Hector Rail pays the workshop fee for all repairs. The
material cost for the new wheels are however paid by AAE — unless the damage is wheel
flats. Then, Hector Rail also pays for the new wheelset as AAE thinks they caused the
damage. Naturally all damages are to be avoided due to downtime and other drawbacks, but
this means that wheel flats are especially expensive.

2.3 Detection

Wheel damages are detected in one of the following ways [5]

e Automatic detector: a trackside wheel damage detector detects too big forces in the
wheel rail contact

e Driver: sounds/vibrations can be heard from a wheel when running, and then a
visual check of the wheel can tell if it is due to damage

e  Workshop: while in the workshop for maintenance, a visual check let on if there is
wheel damage

2.3.1 Automatic detectors

Damaged wheels can be detected by one of Trafikverket’s automatic detectors. The only
type looking at wheel tread damage is the wheel damage detectors, SCHENCK. Therefore
this is the detector type meant when writing about detectors from here on. A full map of
their placements can be seen in Appendix A, while the ones on the wagon fleets’ tracks are
plotted in Figure 20.

There are three types of alarms in use in the SCHENCK detector. The alarms measure
different forces, illustrated in Figure 19:’

Peak ' ‘ﬁ Dynamic
_[ T\ 1 Mean

Ratio=Peak / Mean

Figure 19. Description of forces measured by the automatic detector. [31]

¢ General Contract of Use, more information on http://www.gcubureau.org/
7 Hans Loskog found in [33]
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Figure 20. Map of detectors along the common tracks run by the three wagon fleets. SCA Skog is blue, SCA
Logistics is green and Stora Enso is blue.
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e Peak force. Mostly useful for wagons fully loaded with cargo. A high level (or
warning)® alarm is given when the set peak value limits between wheel and rail is
exceeded.

e Dynamic force. Mostly useful for wagons partly loaded with cargo. A warning
alarm is given when the dynamic value is exceeding the set alarm limit.

e Ratio. Mostly useful for empty wagons. A warning alarm is given when the ratio
between peak and mean exceeds the set alarm limit.

The preset alarm limits are supposed to correspond to the two sizes of damage limits on
Trafikverket’s track described in section 2.2, and the same actions apply. If an alarm is
received, the corresponding alarm is communicated both to the driver and through an
automatic email sent to the train operator company.

2.3.2 Driver detections

Wheel damages are not specifically checked by the drivers. Sometimes they hear damage
on wheels though due to the impact forces made by flats for example, and find them that
way. Many other issues would however be found on the wagons. A traffic safety check
should always be done on all wagons in a train before departure. The procedure is defined
in Hector Rail’s internal document “Funktionskontroll Godsvagnar”. The check includes
wheelsets, brakes, suspension, cargo, etcetera.

Due to the importance of the functioning of the braking system, it is tested often though. At
least once every 24-hour period, a thorough test (“Grundprov” in Swedish) is performed.
In it, the braking system is first charged up to 5 bar and a check is done that the brakes have
loosened. Thereafter, it is checked that at least one axle in each bogie on all wagons applies
the brakes when braking, and then that all the axles in all wagons release their brakes when
increasing pressure to 5 bar again. [32] Meanwhile, it is checked that the time for pressure
build up and lowering seems reasonable, as it could indicate leaks.’

Also when for example disconnecting the locomotive in one end and reconnecting it in the
other end, a test of the brakes has to be done. In the mentioned case, where the main pipe is
not emptied as it is immediately connected in the other end, a reduced test (“Forkortat
genomslagsprov’ in Swedish) is enough though. In such a test the same steps are followed
as in the Grundprov, but the driver just have to check any wagon he/she wants [32].

8 Peak warning has been added since the text was written
% Internal document ”Broms”
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2.3.3 Workshop detections

The workshops study the wagons carefully and thereby discover many flats. In

Table 5 all workshops ordinarily used for wheel exchanges and/or inspections of wheels are
included. The first row, In/outdoors, is simply if they repair wagons inside a workshop or
outdoors. The second row, Reprofiling workshop is where the workshop sends their wheels
for reprofiling. It is not explicitly true though, as when there is a lack of wheelsets both
workshops could send theirs instead. Lastly, inspecting wagon wheels is whether the
workshop also has the task of inspecting wagons that are not delivered to the workshop.

Table 5. Workshop setups

SCA Logistics  SCA Logistics SCA Skog Stora Enso Stora Enso
Swemaint Swemaint Midwaggon Swemaint Kil  Lévhoiden
Goteborg Umead & & Norge, Elektro
Luled Mantena
Infoutdoors | Outdoors Outdoors Indoors Outdoors Outdoors
Reprofiling | Swemaint Duroc Duroc Swemaint Not
workshop | Goteborg Goteborg changing
wheels
Inspecting | No Yes, Umed No No Yes
wagon wheels

The inspection differs somewhat between workshops. In a personal conversation with Mats
Brostrom (the production manager at Midwaggon) the following was found. In SCA Skog
all wagons specifically delivered to the workshop get their wheels checked for damage,
which is done by lifting the wagon and turning the wheels.

The head of the Swemaint workshop in Umed explained the procedure in SCA Logistics
[33]. The Umea workshop is inspecting wagons at the shunting yard in Holmsund. Every
Monday — Friday the trainsets arriving the yard are inspected by a combination of listening,
to hear damages, and visual checking from the side when at standstill. If finding a wheel
damage, all wheels are checked more carefully.

In the Stora Enso traffic, the MD at Levheiden Elektro explained their inspections [34].
They visit the terminals (Kongsvinger, Vestmo, Serli, Koppang, Auma and Kvam) and
check the wheels on all wagons once a week. All wheels are checked when the wagons are
standing still, and if a train is arriving while they are visiting they also listen if they can
hear damage.

It can be concluded that SCA Skog get less wheels checked, but more thoroughly, than the
other wagon fleets.
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2.4 Classification

Detected wheel damages are to be checked by a workshop where they are classified as a
damage type before the wheel is exchanged. It can be checked whether the workshops do
the classification correctly by comparing pictures of the actual damages to these
classifications. In SCA Skog wheel damage pictures are received since September 2015.
Also pictures of all wheelsets exchanged under a limited period in the SCA Logistics
wagon fleet are received. Stora Enso does not have any pictures unfortunately. But since
the workshops are paid for each wheelset they exchange, it is more likely that they change
too many rather than too few. Moreover, no workshop want to hear that they missed
damage as it would lead to bad reputation, and they also have strict rules of what damage
causes a wheelset to be condemned. Therefore, the workshops exchanging few wheels are
probably classifying correctly — which is both SCA Logistics and Stora Enso.

It turned out that all workshops were not using the same limits. On the pictures from SCA
Logistics, the damages seemed to be classified correctly according to the damage limits in
section 2.2. On the other hand, looking at the pictures of the damage in SCA Skog revealed
that several very short flats of a few centimetres had given rise to wheel exchange. The
Production Manager at Midwaggon (Mats Brostrom) said on November 4" 2015 that an
earlier Hector Rail employee had given them order to change wheels with smaller flats too
when winter was approaching as a safety measure. For an example of an exchanged
wheelset, see Figure 21. In this case the wheelset is exchanged due to a flat of hardly 2 cm of
length. On November 9™ 2015 this was rectified as Hector Rail sent new instructions that
nothing smaller than 4 cm long was to be exchanged, as they do not influence further flat
development.

Judging by pictures sent by the workshop after this date, the damages seem to be classified
correctly according to the damage limits in section 2.2. Obviously, the amount of damages
in SCA Skog is therefore not accurate before November 9" 2015. However, also the small
flats indicate issues of the same reason as the bigger flats, it is just to a smaller extent. The
workshop data of where flats occurred before then is therefore still useful in determining
patterns.
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Figure 21. Flat on wheelset on wagon 235-6. Note that the ruler is lined up perpendicular to the running
circle, which is not how flat damage is classified. Photo: Midwaggon.
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3 Damage data

Both the workshops and the automatic detectors provide a lot of data, which could show
patterns among the damaged wagons.

3.1 Automatic detectors

Data from automatic wheel damage detectors from May 2015 through January 2016 was
acquired from Trafikverket. In the period August — January data on all passages, and in
May — January all alarms were received. The detector logs all passing wagons — even if no
alarm is given — and gives a lot of useful data about the wagons. For example what kind of
alarm if such is given, detector location, position in the train, length of the train, RFID of
the wagon and axle, direction of travel, and weight of wagon. Therefore they provide a way
of checking more data about the wagons in their operation. The obtained data is split up in
reliability data and statistics data.

As can be seen in Appendix A, there are no automatic detectors along the Stora Enso route
for wheel damages, therefore just SCA Skog and SCA Logistics are studied.

3.1.1 Reliability

It is possible to validate the function of the detectors by checking that they register the
wagon RFID-tags as they pass by, that they pass by often enough to not have old damage
and that they only discover actual damage.

The wagon RFID-tags can be checked through the amount of passages at detectors. In the
data period, it has been verified that in SCA Logistics 108 wagons (out of 110 with tags)
have registered passages and in SCA Skog 132 wagons (all of the wagons in the wagon
fleet) have passed by. The tags should therefore be functional.

The frequency of passages past detectors has also been checked. Looking at Figure 22, we
can tell that in both SCA Logistics and SCA Skog the passages does not seem to vary too
much within the wagon fleet. Note that only the wagons used all year is included in both
wagon parks (the ones just rented in when lacking wagons are excluded, but assumed to be
treated the same as the others when used). In SCA Logistics the longest stretch without any
detectors is between Bodsjon and Kumla, which is more than 400 kilometres. A similar
estimate in SCA Skog is not possible as there are several frequent locations without any
detector on the track leading there. However, the average time between passages can be
checked. The median passage was 220 times, and the mean was 217. The one with fewest
had 76, and most 340. This gives an average of 1.2 a day. Therefore theoretically the SCA
Skog wagons pass by a detector almost every day. Of course, it is almost impossible to just
pass by one detector, as the same route usually is taken on the way back. In SCA Skog the
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trains going to Pited pass by three detectors twice for example. The wagons passing by a
detector on its way north could therefore have been running a while since it last passed a
detector, while the wagons passing by a detector on its way south just passed by at least one
on its way north. The southbound passages in SCA Skog are therefore deemed more
reliable.
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Figure 22. Number of passages for the most used wagons in SCA Skog (contract number 0050000422) and
SCA Logistics (contract number 0050002101) August 2015 - January 2016.

It is also important that the detectors only discover actual damage, and do not have false
positives. According to the SCA Skog workshop, the wagons arriving due to detector
alarms are always damaged [35], and since they send photos of all wheelsets since
November this is highly likely. Also when comparing repair statistics with detector alarms,
almost all axles with alarms get exchanged within a week. Another measure can be the
share of wagons with alarms versus the total amount of passages. Just looking at the SCA
Skog wagons might not prove anything though. They have a lot of damages, meaning that a
lot of alarms might not mean a faulty detector. Therefore, a comparison of the share of
wagons receiving an alarm to the passages in both SCA Skog and SCA Logistics might
give a more accurate idea. In Figure 23 this is compared.

First, the amount of passages at each detector can be studied to determine if it is reasonable.
Only the detectors with a considerable amount of passages by the wagon fleets are
included. Strangely, Kumla is almost never passed despite being on the regular track
towards Skovde for SCA Logistics. Perhaps are a lot of trains rerouted, otherwise it seems
to just function sporadically. SCA Skog passes Bodsjon the most and SCA Logistics passes
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Jorn the most. Note that the detector in Koler started service January 22" 2016, thereby
the few passages so far. So apart from the too few passages at Kumla, the detectors seem to
be passed by in a reasonable frequency.

When it comes to the share of alarms, the only detector handing out a lot to SCA Logistics
is the Koler detector. As stated above, SCA Skog has a lot of damages so it makes sense
that it gets many alarms. For example is Bodsjon the closest detector to Ange so it is natural
that most alarms are handed out there. It is even so that SCA Skog has to pass by Bodsjon
on its way to the other detectors. If the detector however was faulty, also SCA Logistics
would get stuck. Really few do however. The Bodsjon detector was also checked by
Trafikverket January 20" 2016, without finding any deviations. Looking at Figure 23, Koler
seems more suspicious as also SCA Logistics are getting many alarms there. Perhaps is
Koler not yet reliable as the detector is so new. The other detectors seem reliable though so
a detection could be seen as a sign of real damage.
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Figure 23. Percentage alarms of passages.

3.1.2 Statistics

When studying detector data to try to find out at what point in the network the damages
occur, fresh damages are crucial. Then it is more likely that the damage occurred in the
actual train it is travelling in, so the cargo weight, position in train etcetera are the same.
Sometimes the wagons keep running after receiving an initial alarm though — because the

10 According to Trafikverket earlier, but the 22" of January is the first date any passage or alarm is registered
in the statistics.
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wagons are preferably taken back to the workshop. This is also spotted in the data; warning
alarms often occur once more on the way back. High level alarms too seem to be pulled
back by the workshop at low speed. This causes extra data which is unwanted. Therefore,
only the first occurrence of alarm on an axle is included in the statistics data. In one case is
also just southbound damage included to get even fresher data, according to the reasoning
in section 3.1.1. Since SCA Skog is the only wagon fleet with a lot of detector alarms, those
are the only alarms worth studying quantitatively.

3.1.2.1 Direction and cargo

First, it can be seen in the left picture in Figure 24 that most alarms are found in northbound
trains. The northbound are also slightly more common as seen in the right picture.
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Figure 24. Travel direction in alarms and passages.

When looking at detector data on all SCA Skog wagons it is clear that an overwhelming
share of the alarms are empty wagons while more loaded actually passes by.
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Figure 25. Cargo in alarms and passages.
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Also when comparing the direction and cargo together in Figure 26 it seems that northbound
and empty is the most common case among the damaged. This is even though it is the rarest
case among passages in Figure 27. The reason is that the northbound trains have been
running for a longer time period since the last passage by an automatic detector. On
average, a northbound train that has gotten stuck in a detector last passed a detector over
300 hours ago while the damaged southbound trains last passed by a little over 24 hours
ago. Thereby, it is more likely that a wagon going north has acquired damaged wheels.
However, the second most common case is empty wagons going south, and not loaded
wagons going north. Thereby it seems that empty wagons overall run a bigger risk of being
damaged.
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Figure 27. Number of passages vs. cargo and direction.
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3.1.2.2 Damage along train length

When studying damage along train length, the whole train set is studied as a system. This is
done as it is the only way to discover issues with the braking system, which runs through
the train length. However, the trains are not all the same length. The ends are very
interesting though when it comes to braking as it is crucial that pressure changes reaches
the whole train. Any issues with the braking system will show up in the ends - therefore
percentage of train length 1s used.

The locomotives are included in the length. One or two locomotives are used for each train
depending on train length. Short trains of maximum 15 wagons usually have one, while
longer trains of 16 wagons (with two locomotives 72 axles) and up usually has two. The
only locomotives passing the detectors are type 142s, which have four axles each. This
gives that the first wagon in the train set start at a little over 6 % for both 15 and 30 wagons
trains and climbs up to 12 % in the rare case of 15 wagons and two locomotives.

Since temperatures below zero imply an increased risk of damages according to the
statistics, the year is split into two parts to discover any varying patterns. April — October
with an average temperature above 0 and just a few degrees below zero at times, and
November — March where temperatures below zero occur daily. The mileage is about the
same all year round, so it cannot be blamed for significant differences. Since data with
RFID only existed May 2015 — January 2016 the data did unfortunately not cover a whole
year. Due to the scarce amount of data, just one split up in summer and winter seemed
useful.

During the part of the year with temperatures above zero, it is clear in Figure 28 that the flats
are in the front and end of the train. The amount of flats is not great though. The trains with
flats are as shortest 84 axles long, but the majority is 124 and 128 axles long.

In winter flats occur a lot more. Thereby, it can be realised that the coldness probably
influences wheel flat generation in some way. Separating long trains (84 axles and up) from
short trains (less than 84, which was just 64 axles and less) gives two entirely different
damage distributions. Moreover, there is a lot of damage in the long trains so it probably
occurs more often. Thereby also the wagon configurations changes frequently as the
damaged wagons are shunted out. For this reason it is probably more important to use fresh
data. Hence, just southbound long trains are sorted out, as they just passed by a detector on
the way north. An emergency braking occasion January 18™, where 10 axles along the
whole train at a time got high level alarm and several more a warning, is also removed. The
result is Figure 29. It seems to be more common in the first third, 60-70% of train length and
the back quarter.
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Flats along length in summer
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Figure 28. Flats positions in May 2015 — October 2015. The percentage starts at, and includes, the
locomotive, so the first wagons start between 6 — 12 % depending on number of locos and wagons.

Flats along long trains in winter

3
1%}
22
x
©
[T
o
—
[}
o)
=
0
N O MM OO N WO dFINO M WLWOoONLWOO dFNO MO AN N O AN O
HHHHNNNMMMQ‘###mmmkDLDQDI\I\I\I\OOOOOOO\C\OXS

Percentage of train length

Figure 29. Flat positions in southbound trains with 84 axles and up in November 2015 — January 2016. The
percentage starts at, and includes, the locomotive, so the first wagons start between 6 — 12 % depending on
number of locos and wagons.
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In the short trains the damage distribution is different. A clear example is Figure 30, with
trains of less than 84 axles (the ones existing were 68 axles or less) in winter. In those there
are no pattern of flats in the ends; they have flats all over the train length. Worth to mention
is that all these alarms were in the period January 16™ — January 28™ 2016. Looking at a
plot of temperature vs. alarms, Figure 31, it can be concluded that it had been extremely cold
in the days before. The flats are caused by several different trains so it does not seem like
emergency braking is at fault.

Flats along length in short trains
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Figure 30. Flat positions in 68 or less axles’ trains. The percentage starts at, and includes, the locomotive, so
the first wagons start between 6 — 12 % depending on number of locos and wagons.
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Figure 31. Temperature vs. wheel damage detector alarms at Bodsjon.
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Of course, how long the trains in traffic are in the different seasons has a big influence.
Statistics have been illustrated in Figure 32 - Figure 34. No trains existed with a length of 16-
19 wagons, which is why there are no plot including them. In winter, the amount of really
long trains of 28-30 wagons decrease and both 20 — 27 and 15- wagons increase. A pattern
that can be spotted is that from September and onwards, a bigger share of 20- and more
wagons trains get caught for every month, while the 15 wagons and less just get caught in
January. Thereby, as the pressure mainly is an issue in the really long 28-30 wagons trains,
the phenomena is not as easy to spot in winter as in summer as there is fewer of those short
trains, and it could be statistically not significant.
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Figure 32. Detector passages of trains with 15 or less wagons. Maximum 64 axles in total.
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Figure 33. Detector passages of trains with 20-27 wagons long, 84-112 axles in total.
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28-30 wagons
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Figure 34. Detector passages of trains with 28-30 wagons. 116-128 axles in total.

3.2 Repair statistics

Repair data from the main SCA Skog workshop has been studied in depth. The advantage
from the detector data is that here all damaged wagons are guaranteed to be included and
also the specific axle on the wagon is registered. From the data, it could be possible to
determine if any type of wagon is more damaged than others, or if some certain axles are
more damaged than others. Moreover, a comparison of automatic detections and repairs are
done, to notice any detection patterns.

3.2.1 Differences between wagons in same traffic

In SCA Skog, wagons have been rented in from Stora Enso the winter 15/16 due to the
large amount of damages. These wagons are not included in the detector data but have been
maintained in the same workshop as SCA Skog. The workshop data is therefore studied to
determine if any is repaired less often than the other. If so, there are probably differences
important for the operation. The wagon fleets in Table 6 were all running in SCA Skog the
compared time period. During that time, they were all treated the same; same workshop,
same terminals etc. Still it is obvious that the wagons borrowed from Stora Enso were
performing better than the rest. The only difference between the wagons is the equipment
mounted on top, so something/all about it is likely the reason — either the weight (Stora
Enso’s is heavier) or the one wall design causing extra shunting for the SCA Skog wagons.
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Table 6. Comparison of damaged axles versus the total available number of axles, in wagon fleets running in
SCA Skog December 21% 2015 - March 5 2016.

Wagons Contract Total Total Damaged Damaged axles
number number of number of axles compared to total
wagons axles
Stora Enso | 50002184 15 60 38 0.63
PAYG
SCA Skog | 50000422 94 376 471 1.25
SCA Skog | 50001005 18 72 107 1.49
SCA Skog | 50002580 20 80 72 0.9
PAYG

3.2.2 Flats along wagon length

Flats along wagon length has also been investigated. The only workshop with data on
wheel positions along wagon length, and sufficient data on specifically wheel flats, is
Midwaggon. All wheel exchanges on SCA Skog wagon they did are included in the data,
which is almost all wheel exchanges in SCA Skog. As the cold could influence here, a
comparison has been done for a few summer months, when the system cannot freeze, and a
few winter months, when it is always cold. That the cold seems to influence can be
comprehended when comparing Figure 35 and Figure 36.
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Figure 35. Exchanged axles in SCA Skog wagons due to flats in January and February 2010-2015.
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Exchanged axles due to flats per month in
summer
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Figure 36. Exchanged axles in SCA Skog wagons due to flats in May, June and September 2010-2015.

In the different seasons the average travelled wagon kilometres in each month 2010-2015
are of the same magnitude, where the winter mileage was less than 2 percent more than the
summer mileage. Therefore the number of exchanged axles are directly comparable. It can
be concluded that this does not explain the whole difference as then axle 2 and 3 would be
at the same level as the summer values. Still, it is a significant difference between inner and
outer axles in winter time. For example is the first axle almost 50 percent more common
than the second.

It can also be noted that there seems to be a peak on the first axle compared to the fourth. In
winter the first is 15 percent more common than the fourth, and in summer the same
comparison reveals 20 percent. There is no difference between the wagon ends that could
explain this tendency. Instead, it is more likely to be a reporting error from the workshop —
perhaps everybody was not aware of the axle numbering and just filled in the first slot when
one wheel was exchanged, two slots for two wheels, etcetera. If this is the case, position 1
would be most common which then in turn is followed by 2,3 and last 4. That this seems to
be the case can be realized by looking at data over the full years in Figure 37. In the data it
can be seen that axle one is more common than axle two, which in turn is more common
than axle three. However, there is often a peak on axle four compared to axle three, so that
is likely to be filled in correctly. In 2008 and 2009 the first axle seems a lot more common
than the other axles, the reporting error could thereby be huge so those years are excluded
in the comparison above.
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Figure 37. Wheel exchanges along wagon length due to flats, in SCA Skog wagons repaired at Midwaggon.

3.3 Automatic detections vs. repairs

With the data on repairs and automatic detections, it is possible to find out how many of the
wagons were sent to the workshop because of the automatic detectors. Comparing Figure 38
and Figure 39, it is obvious that more wagons are sent to the workshop than what are
automatically detected in both wagon fleets.

First it should be noted that workshop data from before November 9" 2015 is not reliable in
this case — as stated in section 2.4. When looking at November and onwards though, it is
still more damaged wagons than detector alarms. Also, wagons with detector alarms are not
necessarily sent to the workshop, as there are a few wagons without any record of wheel
exchange afterwards. This fact does however just strengthen the point — all wagon fleets
send wagons to the workshop also without any previous alarm. SCA Skog does however
seem to have a bigger share of alarms of the total amount of damaged wagons. This is
expected though as there is no regular inspection by workshops on those wagons, so the
automatic alarm discovers the damage instead.

When the wagons do go to the workshop it is possible that they still condemn damage that
the automatic detector allowed to pass. As it was learned in section 2.1.1, the peak force of
a flat has more to do with the depth of the flat than the length. The length of a flat increases
over time though, and the workshop limits are measured in length. Thereby it makes sense
that the workshops condemn more damages on wagons sent in due to detector alarms.
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Figure 38. Number of wagons detected vs. with exchanged wheels in SCA Skog.
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Figure 39. Number of wagons detected vs. with exchanged wheels in SCA Logistics.
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4 Discussion - causes of flats

As it was learned in the wheel damage statistics, wheel flats is the dominating damage
mode in SCA Skog. Furthermore, in the wheel damage theory it was mentioned that tread
cracks might not even be possible to decrease as wear would take over. Therefore, the
prevention of damage is fully focused on wheel flats. In Figure 40 is a mind map drawn over
all possible causes of wheel flats. In this chapter, these will be studied and compared with
damage data and theory to determine the importance.
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Figure 40. Causes of wheel flats.

Recalling the theory, it was learned of at what speed flats occur. In the experimental study
mentioned in 2.1.1, a 40 mm flat was caused by 5 seconds brake locking in 20 km/h. This
implies that operations in low speeds with short sliding time can cause flats. It is even so
that low speed in particular causes flats — due to the friction coefficient of cast iron
mentioned in section 1.4.1. Therefore, causes involving low speed are important while
those just at high speed are not as important so they will be dismissed.
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One cause in the tree can be removed at once: broken bearing. If it was an important reason
for flats it would definitely be noticed at the workshop, as the bearing would have to be
completely broken to block the rolling of the wheelset. Such an important fault would be
noticed immediately and the wagon taken out for safety reasons.

The rest of the tree can be split up in three parts, brakes applied, brakes stuck and low
adhesion. Those will be further explained in each of the following subsections.

4.1 Brakes applied

Flats could be caused by applied brakes in two cases:

e the driver is trying to run before the braking system has released all brake blocks
e the train is braking heavily while running

Since the driver valve is translating the braking need into actual braking, a comparison of
the functioning is in place. The SCA Skog traffic has been getting complaints from the
drivers about the capacity of the driver valve in the 142s locomotives (see Table 2 in
section 1.4.2). This is not the case in any of the locomotives in Stora Enso and SCA
Logistics. One instructor from the Stora Enso traffic who tried out the 142s also confirmed
the huge capacity difference to their trains. It turns out, however, that the 142 locomotive
has two driver valves, FV42 and RHZE2, where the drivers can use either one.

FV42 is the original driver valve of the locomotive and the one mainly used by drivers. It
does however have low capacity, having difficulties to change the pressure in the end of the
train, and it is position controlled. This means that the driver valve can be put into several
positions with different braking power. Therefore, it is possible to initiate braking by
lowering the pressure a lot at first before raising to the wanted level. This causes the brakes
in the front end of the train to brake heavily, while the back end is not experiencing the
same pressure drop. [36] Thereby flats will occur in the front of the train when braking due
to the driver’s behaviour, and in the end of the train when starting to run due to slow bralke
release.

RHZE?2 is a time controlled valve which forces the pressure to raise/drop to the correct
value, and the capacity is better. In contrast to the FV42 it also has a proper overcharge
ability and filling stroke, according to an instructor [37], allowing a faster spread of the
pressure along the train. The drivers do however not like the valve’s placement on the
armrest and since it is newer not everybody has learned how to use it. It also demands a
different braking behaviour as it is time-controlled. During informal interviews it was learnt
that just a few drivers seem to be using it.

Therefore, the complaints mentioned above are likely to be of the FV42. Switching to the
RHZE?2 valve might solve several of the problems in the following subsections. On a
driver’s meeting it was suggested that the FV42 is removed and the RHZE2 joystick is
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moved to its place on the control panel [38]. Removing FV42 might not be practically
possible, but moving the RHZE?2 to the control panel is.

4.1.1 Notreleased brakes

Apart from which driver valve is used (see section 4.1) additional factors could also
influence the time it takes for the brakes to release. Firstly it is of course crucial that the
braking system does not leak — more about that in section 4.2.1. If so, the pressure build-up
time is prolonged. One other influencing factor is the length of the train — a longer train
takes longer to fill. So the longest, 30 wagons, trains take the longest to fill.

One especially demanding situation for the braking valve is runarounds. Those occur often
in both Stora Enso and SCA Skog, but almost nothing in SCA Logistics. In a runaround,
the train arrives from one direction and the locomotive immediately has to change end of
the trainset before it can continue in the opposite direction. One example is when travelling
between Ange and the terminal in Timr4, see Figure 41. On this trip two runarounds have to
be performed, and the distance between the runarounds is not really far. Timber is unloaded
in Timr4 twice a day, so this is a significant amount of wagon usage.

¢ Timra terminal
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Figure 41. Track Ange to Timra.
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When the locomotive changes ends, the braking system is momentarily disconnected and
the driver must perform Forkortat genomslagsprov, described in section 2.3.2, when the
train is reconnected in the other end. However, the last axles in the new configuration are
the most likely to not have released after the application test. The braking system has to be
refilled and if not waiting enough this could mean that the end of the train is not fully filled
when trying to leave, thereby still braking. There is not enough time to walk along all 30
wagons (in worst case) and check, according to a driver.

This is particularly a problem with empty wagons. As those wagons are not pressed as hard
towards the rail, it is difficult to notice by the driver if they resist movement. Since it was
also seen in detector data that empty wagons flats were more common this seems to reflect
in reality.

So if the runarounds cause wheel flats they should be seen in the train ends. Detector data
has therefore been studied along the train length. As it could be seen in Figure 28 that it is
very distinctive with damages in the ends of long trains in the summer, it is very likely to
be due to not released brakes. Since pressure build-up of the air system gets even worse in
winter, it is also very likely that the same pattern should be seen in winter, in Figure 29.
Indeed, it seems to be noticeable in the ends in winter but there is also a bunch in the
middle of the train. However, since other problems appear with cold temperatures, it is
natural that it is not as clear as the summer picture.

Something that could explain the rise in flats in the middle of the train is the nature of the
wagon configurations. The trains are not put together in fixed configurations. In two
locations, 30-wagon trains are split up in two 15-wagon trains. One is the train-sets going to
Timra. That is south of the detectors however, so the damages occurring there would not
show up in southbound alarms, which are the ones plotted in Figure 29 as only fresh damages
were interesting. The second one is Hoting. The trains going to Hoting are empty 30-wagon
trains pulled by one TMZ, see Table 2 in section 1.4.2. Before the loaded wagons are pulled
back to Forsmo, they are split up to two 15-wagon trains pulled separately. In Forsmo they
are put together again before passing by the detector in the southbound direction. In this
process the front of the wagon-set on the way north for example could now be in the middle
of the train. As an example, in week 1 2016 twenty percent of the wagons were run to
Hoting; the same ones three times. The amount corresponds well to the fact that there were
flats in the middle, but a lot less than in the ends. Thereby, the Hoting trains justify the
middle flats.

If the pressure is the problem, a few different actions could help the drivers. One way to
notice if the pressure in the back end of the train has reached 5 bar is if using a type of End-
of-train device. All that is needed is a manometer connected to the air hose at the end of the
last wagon, which can send information on the pressure to the driver in some way. It could
also be used solely in a training purpose, as the new drivers can get first-hand knowledge of
how long it takes to fill the main pipe. With that information even the FV42 might turn out
to be ok to use if it manages to fill the whole train within reasonable time. The scope of
such a device is way beyond the time frame of this thesis, but is a suggestion for the future.
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Another thing is that the pressure build-up time could be reduced by improving the braking
system on all the wagons. Two main pipes greatly decrease pressure build-up time, as one
of the pipes keeps the storage reservoirs on each wagon filled. Thereby, the time needed to
release the brakes is just the time it takes to fill the pipe itself. To convert an already
existing wagon is very costly, but considering it from the start could be a good investment.

Using fewer wagons in each train would lower the pressure build-up time, but then it would
be more difficult to deliver the promised volume, but it could still be used if all else fails, as
it is easy to implement.

Table 7. A summary of the SCA Skog issues in section 4.1.1.

Issue Influencing factors Remedy
Flats in ends of train | FV42, long trains, cold, RHZE2, End-of-train device,
empty, runarounds/ short two main pipes.

pressure build-up time.
Flats in middle of train | New wagon configuration in Same as above.
for example Hoting.

4.1.2 Heavy braking

It could happen that the brakes are applied with too much force — either due to low speed
operation, faulty braking behaviour, newly upgraded brakes or large braking
need/emergency braking. In any other case the wagon should always be braked correctly
according to its own weight, because of the load dependent valves. Of course, as especially
empty wagons seem to be getting flats, they might still be at fault. Therefore, a suggestion
of future work is to check the actual braking force when the wagons are empty.

When it comes to low-speed operation, the problem is that the brake blocks have its
maximum friction coefficient at low speeds according to Figure 3. Thereby, in for example
shunting the brake blocks could easily be locked, causing small flats. One way to reduce
the shunting manoeuvres is installing an extra wall on the SCA Skog wagons, as they must
be moved around due to the one wall design (because one wall had to be first and last in
each configuration). Less shunting is then needed. As a bonus feature, the work
environment for the drivers is improved, as shunting is dangerous.

A faulty behaviour form the driver could also cause flats. If the FV42 braking valve is used
in the wrong way, it could result in a large braking weight on the wheels in the beginning of
the train, as explained above. A consequence could be wheel flats on those leading wheels,
which would look similar to the pattern in the previous section, with flats in the ends of the
trains.

Also the newly upgraded brake system on the SCA Skog wagons could cause extra flats.
There is no difference with Stora Enso and SCA Logistics wagons any more, as they
already have upgraded brakes. The drivers in SCA Skog are however not used to the
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increased air consumption. According to drivers, this causes accidental braking. This
problem will however decrease over time even if no action is taken, as the drivers learn the
air consumption.

Lastly, also emergency braking could be at fault. As then the main pipe is emptied the
whole train is braking — and resulting flats would appear all over the train length. To be the
major reason of the wheel flats however, the damage data should have shown that the flats
appear all over the train length. The data in section 3.1.2 does not point to that though, but
an emergency brake application was however removed from the data so it does occur. If it
was very commonly causing alarms it would still be visible in the cleaned up data though.

Emergency braking could be needed for example if the driver misses a signal, there is an
obstacle on the track or if the pre-signalling distance!! is very short, as the train has to brake
heavily. There are several locations just between Ange — Sundsvall that has a combined
short pre-signalling distance and a downbhill slope with low adhesion [39]. A common
reason for emergency brakes is otherwise if there are issues with the ATC or ETCS braking
systems. It should be fair to assume that obstacles on the tracks are equally common in the
three traffics — as they travel roughly the same amount of kilometres, and all the tracks are
mainly situated in forested areas. Something that does differ is the signalling system
installed on the trains, and the issues each loco type experiences with it.

On the TMZ locos (for explanation of loco usages, see Table 2 in section 1.4.2.) in the
Stora Enso traffic it is supposedly easy to start slipping when there is bad adhesion, and
when the wheels spin fast enough the ATC system will emergency brake as it believes the
train is running too fast. As an example, in September — November 2015 26 wagons were
reported as emergency braking due to ATC-issues, so it is easily spotted that the train has
had an emergency braking situation. TMZs run in SCA Skog too but it is not often a lot of
wagons are reported as emergency braking. Perhaps are the diesel tracks in Norway worse
than the Hoting-Forsmo track, on which SCA Skog run their TMZs.

SCA Skog does however have issues with their other locos, the 142s. The ETCS-system is
installed on some of the 142 locos due to Botniabanan, which has the ETCS signalling
system. However, when those locomotives run on regular ATC-tracks, the electronic
system can experience sudden crashes with a subsequent emergency brake. According to a
driver an ETCS emergency brake is worse than a regular ATC emergency brake, as ETCS
is braking to zero while ATC can be aborted at 40 km/h. Thereby, ATC emergency brakes
are not as serious as the ETCS ones. ETCS emergency brakes happen as often as once a day
according to the Ange stationed instructor.

ETCS emergency braking is not reported that often however, so it is difficult to evaluate the
scope of the damages. The fact that it is not reported could mean that the emergency
braking mainly is happening at low speeds. Another option is that it is because they happen
so often that it becomes tiresome to report. Therefore, to really get to the bottom of this

1 The pre signalling distance is the distance between pre-signal and main signal. The pre-signal is a signal
preparing for what starts at the main signal.
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problem and its consequences, an investigation should be done of where and when they
occur. This is outside of the scope of this report but is suggested as future work.

One way to decrease the risk of ETCS emergency brakes is to run the ETCS-locomotives as
“slave” on ATC-tracks as much as possible. A “slave” means the passive, second,
locomotive in a two locomotive setup. This requires some shunting to move the correct
locomotive to the front for each track, which takes valuable time and generates extra work
for the drivers.

Table 8. A summary of the SCA Skog issues in section 4.1.2.

Issue Influencing factors Remedy
Flats in empty wagons | Braking force Check the force
Flats likely to occur in low | Shunting Add extra wall to avoid
speeds shunting
Flats in front of train | Faulty usage of FV42 Use RHZE2
Accidentally emptying main | Newly upgraded brakes Time for the drivers to get
pipe of air used to the new system
Flats all over train length | Emergency braking due to Run as slave on ATC-tracks,
ETCS issues, short pre thorough study needed to
signalling distance know importance

4.2 Brakes stuck

Another way to develop flats from braking is if the brakes simply are stuck in applied
mode. This could happen in two ways. Either there is something wrong with the braking
system itself, or some foreign object is trapping the brake in applied mode.

4.2.1 Faulty braking system

If something is wrong with the braking system, it should be noticed before starting by the
driver. He/she has to perform several tests before allowed to run, see section 2.3.2. Still,
conditions along the route could change the behaviour of the brakes.

The climate influences the wagons, especially the braking system. Cold temperatures, ice
and snow lead to a less than optimally functioning brake. Some examples from [2] are:

e Low temperatures lead to the material in the tubes, seals and other parts of the
braking system shrinking or stiffening. If in any of the moving parts it could start
jamming.

e Snow and ice could get stuck at various places in the system, preventing the
movement of different parts.
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The shrinking of the material in bullet point one could mean that it starts leaking, which
means a prolonged pressure build up time. [2] The optimal way to find a leak that just
appears at sufficiently low temperatures is to expose the material to the lowest temperatures
of the area. Most of the year however, the low temperatures are not available to test the
braking system for. At a Midwaggon visit January 14™ 2016 there was a long queue of
wagons outside the workshop, and a leak check was done outdoors on all wagons with flats.
The average temperature that day was —22°C with —24°C at the lowest, and three out of
eight checked wagons were found with leaks. Looking at temperature data in Appendix B it
can be realized that the temperature has been lower than —24°C just a few days a year, so
the checked wagons not leaking are not likely to start leaking any other time. Have in mind
also that all the checked wagons had flats — it is less likely that wagons without damages
has leakage. Therefore, some wagons do leak but it does not seem to be a big cause.

On the second point, the best would be if it was possible to prevent the snow and ice from
getting there in the first place. In most cases this is inevitable as the wagons each year run
in winter conditions where there is a lot of snow, so it gets stuck everywhere on the outside
of the wagons. The air that is fed to the main pipe however come from compressors on the
locomotives. This air has to be completely dry in order not to cause problems. Dryers are
installed on most locomotives; there are just a few shunting locomotives that lacks them.
The present maintenance schedule should be enough to keep the existing dryers working
[40].

So, there is not much more to do preventively. An already frozen wagon has to be melted,
but wagons are not intentionally de-iced. However, it is important that all ice is melted,
otherwise the partly melted snow and water will freeze into solid ice which is blocking
even more [2]. When the wagons are exposed to warm temperatures such as a workshop or
trips to southern Sweden, they are not entirely melted either and risk freezing afterwards.

Table 9. A summary of the SCA Skog issues in section 4.2.1.

Issue Influencing factors Remedy

Leaking braking system | Cold Check for leaks
Ice and snow stuck on wagon | Winter, compressors on locos ~ Complete de-icing, keep
maintaining dryers

4.2.2 Mechanically stuck brakes

There are two common foreign object that can disturb the operation of a functional braking
system. First, bark, branches and dirt can get stuck in the system. In Figure 42 is pictured the
amount of dirt on an empty SCA Skog wagon outside the workshop. In comparison, a just
loaded wagon probably has a lot more as the picture just depicts the dirt that has not fallen
off on the way there. Stora Enso is not studied in detail but it is fair to assume it looks the
same. SCA Logistics does naturally not have a dirt problem as the containers cover the
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braking system. Therefore, just the two timber haulers need regular cleaning of the wagons.
The workshops do this at times, but new bark builds up fast.

Figure 42. Dirt on empty SCA Skog wagon.

The second reason for a brake to become stuck is if it freezes to the wheel, and the force is
big enough to keep the wheel blocked and cause a flat when starting to move. For this to
happen, a combination of five criteria has to be fulfilled:

1. Low temperature, snow and ice

Heated wheel

Small space between wheel and brake block
Stationary wagons for some time

Low axle-load

Al

Each one will be handled separately in this section.
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1. Temperature below zero, the lower the more likely, and preferably ice and
snow stuck in the vicinity of the wheel

This criteria is often fulfilled when the daily average temperature is below zero for long
periods of time, even though short cold periods with precipitation could be enough. The
time period during winter'?, and occasional temperatures below zero over the last two years
are therefore compared between the wagon fleets in Table 10. In SCA Skog, Torpshammar is
valued the most representative as the traffic is widely spread around it, with Alvsbyn as
northern extreme. In the other two wagon fleets, wagons travel more regularly to their
southmost location, and the northmost is also included as a reference. Since trains run both
day and night, the average and the lowest temperature for each day is relevant. If the
average is much warmer though, we know that the probability of any train braking at the
really low temperatures is low — and thereby also the risk of icing the brakes. Therefore it
can be expected to be a big problem with a low average but still occur with a low lowest
temperature.

Table 10. Representational climate data in the wagon fleets. Based on observations from SMHI and MET
Norway January 2014- January 2016. For full data, see Appendix B.

SCA Skog SCA SCA Stora Enso Stora Enso
Logistics/Skog Logistics

Location | Torpshammar  Alvsbyn Skovde Alvdal Karlstad

Winter* | Mid-Nov. - Mid-Oct. — January Nov. - March  January
Feb. Feb.

Temp. below | October —mid  September —  End October — End
zero | May May November —  May November -
start April April

Comparing the periods of winter between the wagon fleets it seems SCA Skog is subject to
the most consistent winter temperatures. The winter is longer in SCA Logistics and Stora
Enso but they regularly travel south, exposing them to higher temperatures.

2. The wheel must have been heated enough to melt the nearby snow and ice
into water

The first way this can happen is if a lot of braking energy has been taken up by the wheel,
heating both blocks and wheel. This is the case if the mechanical brakes (=brake blocks) are
used to decelerate to standstill from a high speed.

12 Meterological winter according to SMHI http://www.smhi.se/kunskapsbanken/meteorologi/arstider-1.1082
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The heating can partly be countered by using dynamic brakes. Locomotives equipped with
dynamic brakes start decelerating using its traction motors as generators. Thereby, it does
not wear the wheels as much. It does however not have the same braking capacity as
mechanical brakes and while they are mostly used in normal braking, in emergency
applications it needs to be combined with mechanical braking. Furthermore, it cannot be
used at low speeds, below about 10 km/h. [2] Looking at Table 11, not all locomotives have
dynamic brakes. Those that have them should however use them. In the Hector Rail
steering document for braking it is stated that dynamic brakes are to be used with care, to
avoid big pushing forces from the wagons. The braking instructions should therefore be
revised.

Table 11. Dynamic brakes in locomotives.

SCA Logistics SCA Logistics SCA Skog Stora Enso
Traxx 143
Dynamic brakes | Yes, regenerative No Yes, but not No, disconnected
trusted by all in those that has
drivers it

The snow and ice around the wheel could however be molten in another way too. In

Table 5 it was learned that Midwaggon is the only workshop indoors. As the workshop is
indoors the built up snow and ice on the wagons start melting but they are not always
melted entirely before sent out again, it depends on how much needs to be fixed. Just
exchanging a few wheels is not enough so often they are not entirely melted, and according
to the workshop, there is often a lot of almost molten snow left when they are sent out. This
snow could easily fall onto the wheels or brake blocks and freeze when subjected to the
outdoor temperatures. Therefore, it would be of advantage to do as much repairs outdoors
as possible.

3. Sufficiently small space between brake block and wheel to be filled by water

This happens either when the brakes are applied or at rest close to the wheel in non-braking
mode. The latter is something that is discovered to be a problem with the used type of
wagon. See resting position in Figure 43, and an explanation of wheel numbering in Figure 44.

Thereby, wheelset 2 and 3 should not be as affected by brakes freezing to the wheel as the
brake blocks circled in Figure 44 are far off. Sometimes also the other brake blocks on the
same wheels (axle 2 and 3) are as far off. This corresponds well to the workshop data in
Figure 35 and Figure 36; there is a noticeable difference between inner and outer wheelsets in
winter. However, wheelset 2 and 3 often still has one brake block close on each wheel. This
could explain why the inner wheels are still exchanged a lot more in winter than what they
are in summer. If both brake blocks were resting off the wheel it might give an even better
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result. Still it is evident that the number of exchanged wheelsets in summer are a lot less
than any wheelset position in winter, so frozen brakes are probably not the major
contributor to damages.

Figure 43. Brake block resting (not applied) positions. On the left are the circled brake blocks in Figure 44,
and on the right are all the other brake blocks. [39]

Pilot braking valve

Wheels Brake blocks
Oc—=00Or o0c—
a

Brake blocks closest to centre

Figure 44. Wheelset numbering and position of brake blocks.

Decreasing the problem could still be worthwhile though. To fix this problem, the braking
mechanism would need to have another design. Trying to modify, without rebuilding, the
braking mechanism on the currently rented wagons is probably not a solution though.
Talking over the phone with a previous employee at the braking group at Green Cargo
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(Lars Fehrlund, February 3 2016) it was learned that they had tried different after-market
designs of sprung off brake blocks to force the blocks off the wheels on their wagons
without any luck. One design was the one depicted in Figure 45 where the idea was to press
the outer ends to the wheel to force the inner part off the wheel. The problem was that the
outer edges soon were worn off, so the whole block was in contact again.

Broms till Broms loss

Figure 45. Two part spring equipped brake blocks. The left is applied and the right is not. [2]

Another option is to rent other wagons with another design of the braking mechanism when
the current lease with AAE runs out. If the brake blocks are at rest far off the wheels they
simply cannot freeze to the wheel — and no other measures for any other criteria would be
needed. Be that as it may, that measure is the most complicated one. Returning wagons and
equipping new ones are not done overnight and it could turn out quite costly. Moreover,
new vehicles always involve a risk — they could turn out to have other unexpected issues.

4. The wagon must be standstill long enough for the water to freeze between
brake block and wheel

There are several situations where the wagons are standstill for a while. All of the wagon
fleets does mainly run on single track lines, so likely they will all stop for train meetings.
Freight trains are not prioritized on the tracks so it is not unusual to be standstill for quite a
while. Also when the wagons are parked somewhere in winter is it important to check that
all wheels are loose. This is valid both on wagons with brakes applied and not due to the
small distance between wheel and brake blocks. Especially important is it on wagons with a
lot of water on them, such as wagons recently sent out from the workshop.

If the standstill time is enough for freezing is hard to tell — it can of course vary depending
on the temperature, humidity level etcetera. Therefore, it is best to have it in mind when it
is cold and start preventing it at once.

One possible method to avoid freezing when waiting for a meeting, is to move the train
slightly back and forth after stopping and just braking with the locomotive’s brake each
time, to not allow the blocks to freeze. This is hard to do with the really long trains with 30
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wagons, as the passing loops are too small to allow any movements. Another issue is that
the ERTMS has a roll away protection that automatically brakes the train if the driver tries
to back too far while in drive mode. This limit is set at 5 metres in the ERTMS equipped
locos, but is to be adjusted to 10 metres though. Furthermore, moving back and forth is not
allowed in any Hector Rail documents. The drivers therefore have to ignore the rules to be
able to follow this advice — so the documents should be revised to allow and encourage it.

If the wagon has been standstill for a while and the wheels have frozen stuck, the only way
to get them loose safely is to walk around the whole train and force them off with a wedge
point crowbar. This is something that could be done with some assistance at the terminals.
In Norway there are always two drivers and shorter trains, and in SCA Logistics there are
specific shunters at the terminals, so at present they have a better possibility to do it than
the lone drivers in SCA Skog. Therefore, a solution could be to add people at some
common terminals to help with the check in winter conditions.

5. The load on the axle must be sufficiently small for the ice to be able to keep
the axle blocked until a flat occurs

In the empty wagons run to a significant extent of the traffic by SCA Skog and Stora Enso,
the friction in the contact patch is a lot smaller than in wagons full of cargo. From
Coulombs law the force in the contact patch resisting motion between wheel and rail can be
calculated as

Fr < uF, (1)
Where

Fy = friction force parallel to the contact patch plane

u= coefticient of friction between wheel and rail

F, =normal force, perpendicular to the contact patch plane

Inserting the different values of F,, in SCA Skog (5.5 tonnes and 22.5 tonnes axle load
multiplied with the gravitational acceleration) with constant u in each comparison, (1) gives
that Fy is 4.1 times bigger for the loaded wagon (assuming each wheel brakes free from
their own brake blocks). Fr can be explained as the force working to get the wheel rolling
when the vehicle starts moving. Therefore, an empty wagon can only break free from ice
that is four times weaker than that on a loaded wagon at the same conditions.

Even the varying weight of the empty wagons could make a difference between wagon
fleets. Robin Prevolnik [41] has shown that the few extra tonnes in a Stora Enso wagon
might improve the situation. The repair data in section 3.2.1 supports this theory; the Stora
Enso wagons seem to cope better in that dataset too. What is differing is the empty weight -
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Stora Enso 24 tonnes, SCA Skog 22 tonnes — and where the wagons were maintained
before they arrived. The Stora Enso wagons most likely had wheels reprofiled at Swemaint
Goteborg while SCA Skog had Duroc. For flats the wheel quality should not matter so
much though, as the damage is the result of an impact, not any kind of fatigue. Therefore,
the weight probably is the important factor — more weight means a bigger probability to

break loose from ice.

To summarize the section on mechanically stuck brakes, Table 12 shows all issues,
influencing factors and remedies. As can be noted, especially frozen brake blocks is a
complex problem with several factors influencing. No action is guaranteed to remove the
problem fully (except brake block distance that is not as easily fixed) and therefore a
combination of several remedies is proposed as the best way to reduce flats.

Table 12. A summary of the SCA Skog issues in section 4.2.2.

Issue

Influencing factors

Remedy

Bark stuck in braking system
Flats all over train length

Same as above

Same as above

Same as above

Same as above

Lot of bark and other dirt on
wagon

Low temperature, and lot of
snow and ice'

Heated wheel melts snow and
ice!?

Brake block rests close to

wheel!?

Standstill long enough to

freeze!?

Low load on axle!?

13 Factors causing brake blocks to freeze to wheel

Regular cleaning
None

Increased use of dynamic
braking, outdoor repairs
No easy fix, but if the blocks
are far off on future wagon
designs it would solve the
problem

Departure checks with
assistance, new braking
instructions

Add extra weight to empty
wagons
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4.3 Low adhesion

The adhesion is the part of the wheel-rail friction used to propel or brake the train. [42]
Some examples of what the value of available adhesion usually is can be seen in Figure 46. If
running with adhesion values below the braking limit, the wheels will just slide along the
tracks. The influence of moisture, such as rain, humidity etcetera is already in the figure but
other factors influence too. Sun increases the friction and frost decreases it, and leaves can
decrease the friction down to values so low that running a train is difficult. [43]

Probability (p)
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Figure 46. Probability chart of available adhesion, and the needed value for braking and propulsion. [42]

Therefore, it is especially leaves that can increase the risk of wheel flats. If the rail is so
slippery that the wheels just slide at times, this causes two problems. Firstly this of course
means that the wheels are grinded over a longer stretch of rail when having a blocked
wheelset. This problem might have limited importance to wheel flats though as there is low
friction, so the grinding is also low. Secondly however, it means that the train risks
stopping too late at signals etcetera which implies the need of an emergency brake. If then
the wagon travels with blocked wheels due to the emergency brake and the track recovers
the regular friction there is a big risk of flats.

Leaves exist in abundance on many tracks. The SCA Skog wagons are run on several small
inland lines, so are the Stora Enso wagons. On those tracks leaves have time to build up, as
they are not as frequently used as the main line. The tracks around Ange are also badly
maintained; it is in principle just the main line that is good. Both Ange marshalling yard,
Hoting-Forsmo tracks and Léngsele-Visteraspby were mentioned by the Ange driver
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manager as especially bad in that area. Hoting-Forsmo is even jointed track, not continuous
welded like the rest of the network — implying that it is used less frequently, resulting in
leaf build-up. SCA Logistics, on the other hand, travel on the main line in this region,
where these problem do not occur.

Slippery tracks due to leaves cannot be entirely removed by Trafikverket, but several
measures are done to improve the situation. [44] First, there is an action done mainly to
reduce risks of trees falling on the track or overhead line. In Figure 47 the main Swedish
routes of the wagons are drawn onto a map, and compared with tracks in Swedish called
“Tradsédkra jarnvagar” ( tree-safe railroads) that means that 20 metres from the middle of
the track there is a zone where all trees are cut down. Just outside this area is also certain
trees at risk of falling into the track area removed. The scarceness of trees should also mean
that the track will be less exposed to debris and leaves falling from them. SCA Skog is as
can be seen in Figure 7 running on several tree-safe tracks too, but just the track between
Ange and Sundsvall is noted in Figure 47 as it is the most common route. It can be concluded
that the only wagon fleet mainly running on these tree-safe tracks is SCA Logistics.
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Figure 47. Main routes for the different wagons, compared with existence of tree-safe buffer zones. Left figure
for reference. [44]
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However, there are also certain measures performed exclusively for the problem of crushed
leaves in the autumn. At track parts where crushed leaves is a common problem, measures
are performed in the interval of several times a day to a few times a week depending on
traffic intensity and the amount of leaves [45]. This measure is done approximately week
38-46 [46] (mid-September to mid-November). The included tracks are listed in Appendix
C. Comparing Figure 55 with Figure 47 gives that just a tree-safe zone is not enough to protect
against leaves. Figure 55 does however show what tracks have an adhesion issue.

Moreover, not all tracks the wagons might run on are in the referenced pictures. Freight
wagons collect their cargo at smaller tracks; not on the main line. Especially Stora Enso and
SCA Skog run to terminals with piles of bark and other dirt on the track due to their own
cargo. One example of how the tracks to a terminal occasionally run to by SCA Skog look
like is in Figure 48. With such track conditions, the leaf crushing effect could be achieved in
other seasons than just autumn.

Genom denna gronska pa strackan
Skinvik-Tunadal, norr om Sundsvall,
rullar 10 stycken tag i veckan i varje
riktning. Tagen ar upp till 200 ton
tunga och &r lastade med bland annat
gasolvagnar, papper och travaror,
Vegetationen gbr banan extremt hal
Bilden tagen i juli 2015.

Figure 48. Skonvik-Tunadal track outside Sundsvall, photo taken July 2015. [47]

A related issue is when there is a differing adhesion on different wheels. The dirt mentioned
in section 4.2.2 causes extra wear and tear when interfering with the braking system and
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getting into the wheel/rail contact patch in both Stora Enso and SCA Skog. A consequence
could be to have different friction coefficients on different wheels, thereby more easily
locking some than other.

A summary is shown in Table 13. To conclude the low adhesion issue — both Stora Enso and
SCA Skog run on tracks with a bigger risk of slippage due to leaves on the line than SCA
Logistics. SCA Logistics run on better maintained tracks and also has a less dirty cargo —
keeping the tracks in a better shape.

Table 13. A summary of adhesive conditions in the three wagon fleets.

Tree-safe tracks Dirty cargo
SCA Skog | Partly Yes
SCA Logistics | Yes No

Stora Enso | No Yes
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5 Conclusions

5.1 Differences in damage handling

Comparing SCA Skog and SCA Logistics several conclusions could be drawn. The
classification of damages seems to have varied between wagon fleets in the past. Therefore,
new instructions were sent in November 2015 to just exchange wheels with sufficiently
long flats. Since then the classifications seem fine. On the other hand, the detection
procedure still varies. SCA Skog relies more on automatic detectors, because of the non-
existent regular workshop inspections of wagons. That should however mean that more
damages would be found in SCA Logistics, where both automatic detectors and inspections
are used, and not the other way around.

The bottom line is that there are no differences that could explain why more damages
would be detected in SCA Skog now. Likewise, the automatic detections are of actual
damages.

5.2 Important causes of flats

At lot of different causes of flats in SCA Skog were found in section 4. It is clear that not
one single factor is to blame for all the damages. Therefore, to wrap up, the possible causes
and remedies are presented again.

The most obvious result was that the flats appear in the beginning and the end of the
trainset, and in winter also some in the middle. The reason found for the ends was mainly
the pressure issue with the FV42 just seen in SCA Skog. The middle flats could be as the
train is split up in two trains in Hoting and then put together in a different way on the way
back south. Flats that the train got as a long train could then have ended up in the middle.

Two other causes related to the braking system could also explain flats all over the whole
train length: frozen brakes and emergency braking. Regarding frozen brakes, it was shown
that the wheelsets with a brake block resting far off the wheel had less flats, although just to
a limited extent. When it comes to emergency braking it was known to cause flats
sometimes. Perhaps is it happening often as some locomotives have issues with their
ETCS-system, but the reporting has been deficient so there is no data that allows a deeper
analysis.

Some more possible issues with the braking system were also noted: the braking force for
empty wagons, cold temperatures and snow/ice disturbing the function, shunting, and
newly upgraded brakes.

However, not just the braking system was found to be the issue. Stora Enso wagons cope
better, and they have the same braking system. A difference is the empty weight — empty
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wagons in general were shown to be an influencing factor for several issues, and the few
fewer tonnes in SCA Skog compared to Stora Enso could make it even worse. Also the
conditions on the track such as leaves and dirt seen in both SCA Skog and Stora Enso have
an additional influence.

5.3 Recommendations of changes

First of all the FV42 valve on the 142 locos is to blame for the flats in the end of the train,
so avoiding using it is the most important change. The RHZE?2 valve already exists,
although the drivers do not like its placement and have not learned its use, so the change
could be done without too much effort. The easiest action, which is already ongoing, is an
extra training of the usage of RHZE?2 for the drivers. When it comes to its placement, an
ensuing action could be performed if the training is not enough: follow the drivers’ advice,
- as they are the ones who are going to use it, and move the RHZE?2 to the control panel.

Another way to cope with the problem of air pressure in the end of the train is an End-of-
train device that measures air pressure. That way, it is easier for the drivers to know if the
braking system has charged up enough to release the brake. Then, also the FV42 valve
could turn out to be still useable.

The other two braking issues had several remedies. For the ETCS emergency brakes the
trains with ETCS should be run as slave on ATC-tracks, but a thorough investigation
should be done to find where and how they occur. To handle the brakes that freeze on to the
wheels, two winter actions could be implemented using the same kind of wagon. First, have
people assist at the terminals with the departure inspection of all brakes being loose, and
perform the inspections also at runarounds when possible. Second, update the braking
instructions. It should be changed to increase dynamic braking and decrease standstill time,
for example by allowing movement back and forth at red lights.

Some changes could be done to the wagons themselves too. An extra wall could be
installed on the SCA Skog wagons to increase weight and decrease shunting. If however
new wagons are considered in the future they should be made sure to have a better design
from the start. Two main pipes in the braking system can greatly improve pressure build-up
time, and thereby reduce the standstill time even with a lower capacity driver valve. That
the brake blocks are at rest some distance away from the wheel would be helpful too.
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6 Future work

A deeper study into the function and usage of the brakes is suggested for the future. More
specifically:

e GPS/OSPA data to see driver behaviour and emergency brake applications. This
way, it would be possible to check how often, and at what speed, the emergency
brakes are applied. Knowing that is crucial in determining the importance of
emergency brakes for the wheel flats, especially in SCA Skog.

e Look deeper into ETCS failure on ATC tracks. It is important to know how often
they occur and what consequences they lead to. If they for example lead to
emergency brakes, and consequently wheel flats, this adds more potential savings in
dealing with the problem.

e Look at braking force for empty wagons. As empty wagons are over-represented in
the damage statistics, a part of the explanation could be that they apply too much
braking force. Tests should therefore be done to determine the actual braking force,
possibly adjusting the braked weight if it turns out too high for an empty wagon’s
weight.

e Implement an end-of-train device that measures main pipe pressure and notifies the
driver. With this device, the drivers will know with certainty that the brakes have
released and the train is ready to run. Moreover, they will get first-hand experience
of how long time it takes to fill the air system, rendering it a useful educational tool
for new drivers.
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Appendix A Detector placements
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Figure 49. Automatic detectors in the Swedish network [48].
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Climate data

Appendix B
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Figure 50. Daily average temperature 2014 — January 2016 in Torpshammar, 30 km east of Ange.

Temperature data from SMHI.
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Figure 51. Daily average temperature 2014 — January 2016 in Alvsbyn. Temperature data from SMHI.
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Figure 52. Daily average temperature 2014 — January 2016 in Skdvde. Temperature data from SMHI.
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Figure 53. Daily average temperature 2014 — January 2016 in Alvdal, 10 km south of Auma. The gaps in the

plot are days with missing data. Temperature data from the Norwegian Meterological Institute.
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Figure 54. Daily average temperature 2014 — January 2016 in Karlstad. Temperature data from SMHI.
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Appendix C  Measures against leaves on the line

Figure 55. Tracks with measures against slipping on crushed leaves. [49]
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