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Abstract: Industry and the railway sector are at present entering a new era. Increasingly, 
the systems in operation today use electronic components instead of relay technique and 
the railway sector now has the opportunity to improve current systems. However when 
new technology is installed into old infrastructure, new knowledge has to be taken into 
consideration. The new technology which is to be integrated into old systems or which is 
to be applied when building systems from scratch should meet the requirements for 
electromagnetic compatibility to fit into the infrastructure. To see whether there are any 
problems in this area, an investigation has been performed based on the failure reporting 
system used by Banverket (Swedish Rail Administration). Visual inspection has been 
carried out in the signal and detector boxes located close to the track. Measurements on 
site have been conducted to follow up the investigation into the failure reporting system 
and the visual inspections. 
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1. Introduction 

 

Today the Swedish railway industry, like many other industries, is following the 
general trend of replacing electromechanical relay technique with modern electronic 
systems. One argument in favour of this is that electronic systems, when compared to 
relay technique, are a less expensive investment. Moreover, the number of maintenance 
hours required is, in general, lower for new electronic systems. However, this is true only 
if the electronics are correctly installed and can withstand the surrounding interference [1]. 
To maintain high reliability and safety in this new technical environment, where different 
levels of voltage are used in the same system, and where many old relay-based subsystems 
are being replaced by new electronics, the demands for greater understanding and 
knowledge of electromagnetic compatibility (EMC) [2] need to be met. This is important 
since an electronic component is much more sensitive to electromagnetic interference 
(EMI) [3] than the older relay systems. 

The railway infrastructure and then specific the environment close to the track has a 
number of noise sources [4]. Modern locomotives also produce significant interference in 
the power supply [5].  
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Measurement show transients that reach over 300 V in a 230 V system [6] and 
measurements on the line-pantograph interface have also shown high frequency transients 
[7]. To install modern electronics in this environment, detailed knowledge is required of 
both the disturbance from the older system and the sensitivity of the new component. 
Therefore, EMC has today become a vital part of railway system design [8].  

In this paper the extent to which EMC is a source of failure for the railway is 
outlined. Available statistical data show that up to 70 % of all the faults could be EMI or 
EMC problems. Measurements are provided and problems in the design and construction 
are evaluated as a source of disturbances. If these problems are not accorded due and 
serious attention, future railway systems are likely to face major difficulties. 

2. Causes of Electromagnetic Interference 

2.1 Railway power system in Sweden 

In Sweden work began on building the railway system in the mid-nineteenth century. 
Electrification began in 1895, with DC (direct current) power. The mining company, 
LKAB (Luossavaara-Kiirunavaara Aktie Bolag), located in the northern part of Sweden 
get there track electrify in 1915. This company transports iron ore from the mines in 
Kiruna and Malmberget to the harbours in Narvik and Luleå. A further set of demands 
from LKAB led to a change being made from DC to 16 kV AC (alternating current) with a 
frequency of 15 Hz. And then, in the 1950s, the frequency was changed to 16 2/3 Hz, to 
facilitate easier conversion from the frequency of the national grid, which employs a 
frequency of 50 Hz [9]. 

Today the rolling stock has become heavier, with the axle load having increased from 
22.5 metric tonnes to 25 metric tonnes. Furthermore, LKAB has now once again increased 
its demands by using axle loads of up to 30 metric tonnes [10]. Moreover, the power of 
the locomotive that is to pull such trains has increased to 10,800 kW [11]. 

The converters supply the railway system with 15 kV. The train uses the overhead 
catenary along the railway and the transformers help to transmit the current through the 
catenary system. The train obtains the current from the overhead contact wire and the 
return current is sent through the S-rail (continuous rail), which is used as the return 
circuit, back to the transformers along the track. The return current can reach several 
hundred amps. The S-rail is continuous along the track and is therefore good for use as a 
return circuit for the train power and for the current sent back to the transformers. 

For the electric track there are two systems in use in Sweden: the booster transformer 
(BT) system and the autotransformer (AT) system. 

2.2 Booster transformer system 

The BT system is the most common system in Sweden. The ratio in the transformers 
between the primary side and the secondary side is 1:1, which forces the current to use the 
path through the transformers to the converter, and the current is therefore forced through 
the S-rail and cables from S-rail to the converter via the transformers. The transformers 
have been placed at an intermediate distance of 3 to 5 km, depending on the surrounding 
topography [12, 13], see Fig 1. 
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Figure 1: The current’s path in the BT system 

 

2.3 Autotransformer system 

The AT system uses 30 kV and divides the voltage in halves by the transformers. The 
overhead contact wire has a 15 kV power supply and the return feeder, (or negative 
feeder), is provided with a phase shift in the contact wire. The voltage of the return feeder 
is -15 kV, and it is therefore called the negative feeder, see Fig 2. The output current from 
this system can be higher than that in the BT system. The AT system is used for tracks 
where more power is needed due to a desire for heavier loads or faster accelerations. The 
return current is sent over the S-rail back to the transformers. The transformers can be 
placed at an intermediate distance of 10 to 20 km depending on the surrounding 
topography. The AT system has, compared to the BT system, a higher leakage of the 
return current to the ground [12, 13]. 

 

 

Figure 2: The current’s path in the AT system 
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2.4 Infrastructure systems 

In addition to the high-voltage system used by the trains, the railway also uses low-
voltage systems (< 400 V) located in the same infrastructure. Examples of such systems 
are communication systems and detector systems that use 5 V DC. 

The systems close to the tracks, e.g., signalling systems controlling the light signals 
for the locomotive driver, signals communicating the turnouts’ position back to the 
Centralized Train Traffic Control (CTTC) office, and systems for reporting the position of 
trains along the track to the CTTC office, are all low-voltage subsystems. In the Swedish 
railway system, all these systems have traditionally been based on relay technique. To 
provide high reliability, the systems have a redundancy in every critical function. 

The systems in the Swedish railway infrastructure are divided into three major 
subsystems based on the technical group responsible for the area of work covered by the 
subsystem, rather than the technical similarity of the components of the subsystem. The 
subsystems are: 

Electrical systems that deliver all the power to the stations, technical buildings or 
boxes. These systems transform the power from Banverket down to the required lower 
voltage and distribute it to the other subsystems. 

Signal systems making sure that all the signals in the railway system and in the 
infrastructure are working and checking that the right signals are being sent for various 
functions on the railways. 

Telecommunication systems, the purpose of which is to make sure that the 
communication from stations, technical buildings or boxes is functioning properly. 

Electrical systems, signal systems, and telecommunication systems are mostly 
contained in the same physical location, e.g., a signal box, technical building, etc. The 
systems controlled by a specific professional group (electrical systems, signal systems, or 
telecommunication systems) are kept separate from those of other professional groups in 
different racks in a room or in different rooms. In larger technical buildings where several 
systems are located, not only are the systems of each professional area kept in separate 
rooms, but the equipment is also separately grounded. The location of the equipment 
belonging to the specific professional areas is decided by the professional group in 
question and not to the surrounding interference level or the sensitivity of the installed 
equipment. 

The design and construction of the grounding systems have varied over time. The 
telecommunication system has a separate ground, consisting of a loop of copper wire in 
the ground, around the building, and an iron bar connected to the loop to obtain a ground 
potential. The other systems use the S-rail as their ground potential. The old regulations 
dictated that only the S-rail was to be used as the ground. There also used to be an 
instruction stating that the grounding should be separated inside the buildings, but then 
reconnected before using the S-rail as the ground. 

 

3. Data Collection Procedure  

The data collection procedure used in the analysis of the faults caused by EMI 
consists of: 
• Fault Reporting System, 0felia (zero=0, fault=felia), which is used by Banverket 

(Swedish Rail Administration). 
• Visual Inspection of the design and construction at several railway sites. 
• In situ Measurements at various railway sites. 
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3.1 Fault reporting system 

Problems related to EMC on the railway should in one way or another be entered into 
the railway fault reporting system. By analyzing these reports, the extent of EMC-related 
faults can be estimated. 0felia is a failure reporting system used by Banverket to report 
failures in the infrastructure [14]. When a fault appears in the Swedish railway 
infrastructure, it is indicated in the CTTC office by alarms from the signal and detector 
systems. The CTTC office staff then initially report the occurrence of the fault in 0felia, 
after which they call the contractor’s contact person, who in turn instructs personnel to 
remedy the fault. Maintenance personnel receive a work order to check the alarm and 
perform repair work, if necessary, and then drive to the fault location. After the visit on 
site and the repair, the maintenance workers must report back to the CTTC office, which 
then finalizes the report in 0felia [9].  

In 0felia there is no specific category for EM failure. Since in general it is very 
difficult to designate EMC as a failure source and since the time for repair and evaluation 
is very limited, EMC-related faults will fall under other categories in 0felia. The possible 
codes in 0felia that may contain EM faults are: “interruptions”, “not able to detect”, “no 
fault” and “short circuit”. All these categories would include faults that occur due to EMC 
problems like EMI, EM disturbance or unknown electrical strain.  

The argument in favour of the assumption that most of the faults in the above 
categories are EMC-related is that it has not been possible to find any software problems 
that have locked the system or any mechanical influence that has initiated the fault. If 
there had been a bug in the software, the system would have been locked every time the 
system was in the same state. If there had been a mechanical influence, there would have 
been signs of damage after the mechanical hit. Instead the electronics have for some 
reason been locked, and the fault has been fixed by resetting the system. There has been 
no fault in the system function after the reset. This indicates that the source of the fault is 
EMI. 

Table 1: Numbers of faults on the Swedish railway in 2005 and 2006. The table shows four separate 
categories of EM disturbance faults. Data is taken from 0felia. 

 

Year 
Category 

2005 2006 

 Interruptions 11463 10374 
Not able to define 16412 13534 
No fault 6984 10366 

Short circuit 4355 4198 

Total no. of possible EM  faults 39214 38472 

Total no. of faults 57486 53677 

 Percentage 68 72 

 
Table 1 show that faults due to EM disturbance can be as high as 70% of all the faults 

reported on the Swedish railway. Furthermore, even if all these faults are not due to EM 
disturbance, it can be concluded that EM disturbance is most likely a significant cause of 
faults in the Swedish railway system. It is also interesting to note that 70% of the faults in 
the railway system today have an unknown cause.  
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3.2 Visual inspection 

Visual inspection was performed on site that was chosen because of varying 
constructions and building year to evaluate imperfection in the construction or EMI 
protection, see Table 2. The inspection was concentrated to the area from where the power 
cables entered the investigated location, and continued by examining where the sensitive 
equipment was placed in relation to the other equipment. In every investigated location,  
variation in the building standard was invariably found. However, the one feature that 
every location had in common was that EMC was not prioritized in the construction.  

 

Table 2: The location, type of construction, where a performed measurement was done and where a 
visual inspection was done in this investigation 

 
Location Construction Measurement Visual 

Gransjö Detector box   X 
Kiruna Converter   X 

 Kiruna 
Technical building with 
surrounding boxes and 
cabinets   

X 

Krokvik Detector box   X 
Notviken Detector box X X 
Oxmyran Signal box X X 
Sunderbyn Detector box X X 
 Vassijaure Detector box   X 
Öre Älv Signal box X X 

 
Some examples of incorrect construction with respect to EMC that were found during 

the visual inspection were as follows: 
The overvoltage protection was placed more than one metre in on the rack, as 

measured from the wall that is the barrier. The incoming cable was placed together with 
all the other cables in a cable channel for both the incoming and the internal cables, see 
Fig 3. If a transient enters this way through the cables, it interferes with all the closest 
cables before it enters the overvoltage protection after more than 1 metre. 

In the instructions for constructing the technical buildings and signal boxes, the high-
frequency grounding should be constructed as a low-ohm connection. However, in many 
cases this results in a long ground cable that does not give the EMI protection that it 
should. In order to provide a more effective grounding, the ground should instead be 
specified as a low-impedance ground.  

Problems with wrongly mounted cables entering control cabinets. Fig 4 shows an 
example of incorrect mounting in an advanced EMC-protected cabinet. Here no attempt 
was made to connect the cables correctly to the cabinet when they entered the bottom of 
the box, and the cables’ shield was not connected anywhere in the cabinet. Instead, the 
filter to the cables and wires was simply thrown on the floor inside the cabinet. This 
shows how the use of expensive and advanced EMC-protected cabinets is meaningless if 
the installation is not performed correctly. 

As mentioned earlier, the equipment is often separated into different zones. However, 
this is not based on the sensitivity of the equipment, but instead on the professional area in 
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question (telecommunications, signals and electric power supply). Instead it should be the 
sensitivity of the equipment that defines the zones, as in Fig 5. 

 

Figure 3: Incoming cables in a technical building where the overvoltage protection filter is placed 
over 1 metre from the wall that is the barrier. The unfiltered cable is mixed with filtered cables 

before it reaches the overvoltage filter. 

 

 

Figure 4: An intake of cables into an EM cabinet where the incoming cables are not connected to 
the ground. 

 

Figure 5: Design of the buildings, huts or cabins involving different zones, each of which has a 
specific level of allowed EM fields and the cables that enter every zone through a filter. 
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3.3 In situ Measurements 

Measurements were made to verify that the problem was an EMC issue. The question 
was whether there were any transients that had enough power to disturb the subsystem in 
the infrastructure. This was investigated by measurements on site at several locations ( see 
Table 2). 

In almost all the constructions and locations where measurements were made, see 
Table 2, transients were registered in the infrastructure system. One example is the 
measurement at Notviken, see Fig 6. 

This measurement was performed in the flat-wheel detector cabin situated at 
Notviken in Luleå, Sweden. The transients in this curve are saturated at ± 5 V, and 
consequently they are likely to be higher, see Fig 6. These transients occurred during a 
train passage. In this case the transients are larger than the 5 V, and therefore it can be 
concluded that the transients were not caused by the flat-wheel signal from the detector 
[15]. 
 

Figure 6: Measured transients on a flat-wheel detector during a train passage and the close-up 
picture for one transient. The signal shown in the lower close-up picture is saturated. 

4. Remedial Measurements to minimize Interference 

The analysis of fault data from the fault reporting system, 0felia, shows how difficult 
it is to verify EMC problems in the infrastructure. It is difficult to obtain a clear picture, 
partly because the reporting system has no category that specifies EMC problems or EMI. 
However, related fault categories where EMC problems are most likely to end up 
comprise a large portion (70 %, see Table 1) of all the registered faults in the Swedish 
railway infrastructure. It is assumed that if no mechanical source or software problem can 
be found, the fault has most likely been caused by an EMC problem. 
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Concerning the design and building of the telecommunication, signalling and 
electrical subsystems, during the past few years, have been an effort to solve EMC 
problems. However, its look like that the project managers, who control the building 
process, have not taken any consideration of EMC problems. In the examples presented 
here, it has been seen clearly how advanced equipment can be rendered useless, if the 
installation is incorrect. Moreover, designers sometimes lack understanding of EMC when 
they design new signal boxes with different zones. The main reason to have different 
zones is the variation of sensitivity of the components, and the design should not just be 
based on considerations such as the professional group currently responsible for the 
components. The number of zones should depend on the variation of the sensitivity levels 
of the subsystems’ equipment, (see Fig 6). It is also very important that cables and wires 
from the different zones must not be mixed up.  

The grounding is another important issue for EM problems. Telecommunication 
system must not use the S-rail as the ground, as is the case with signal systems and 
electrical systems. By using a loop of copper wire in the ground, around the specific 
building, and an iron bar connected to the loop to obtain a ground potential, the 
telecommunication system can deal with the grounding problem. This approach is 
necessary as the telecommunication system, which was installed decades ago, was 
sensitive to EMC and therefore this had to be taken into consideration to ensure less noisy 
communication. This initiative taken by the telecommunication department of Banverket 
is a beginning for solving EMC problems, though its appropriation is yet to be confirmed.  

A number of measurements made show that there are transients in the railway system, 
as in Fig 6. These recorded transients can affect many subsystems on the railways, but the 
question is how these subsystems are affected and how big these effects can be. This is a 
matter of further investigation. 

This paper clearly shows that EMC can pose a significant operational problem for the 
Swedish railways, and that operation and maintenance cost can be lowered if the EMC is 
given adequate attention. 

 

5. Conclusions 

The following conclusions can be drawn from the present study of electromagnetic 
disturbances in railway applications: 
• EM disturbance of the equipment in the railway system infrastructure is likely to be 

responsible for a significant number of faults in the infrastructure in general. 
• High transients occur in the system and can provide enough energy to interfere with 

the functionality of subsystems and hence the reliability of the system.  
• To reduce these problems, design and construction of critical systems must be 

improved. The new approach involving different zones must be adopted, where every 
zone contains equipment with the same sensitivity to EM fields.  
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