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1. INTRODUCTION 

 
The introduction of new technologies in transportation systems must guarantee the same 
level of service quality, continuity and safety of the existing systems. It would seem to be 
unlikely that a typical activity, such as the installation of rails in the same right of way of 
existing railways, may create particular problems. 
Recently, it has been developed an attractive and innovative installation technique, which 
can give rise to Electromagnetic Compatibility (EMC) problems against communication 
systems [1]. This technology is based on the principle that the rail, before installation, is 
subjected to traction strain, improving its mechanical characteristics. These benefits turn 
into reduced deformations whether during train transit (referring particularly to their 
interactions with rolling stocks) or during sudden changes in atmospheric temperature. The 
treatment, according to Joule effect, consists in overheating each rail through the injection 
of rectified currents. The aim of this paper is not to argue about advantages and 
disadvantage that a mechanical treatment may produce, but to focus on electromagnetic 
compatibility issues. 
Electromagnetic interference phenomena, produced by this installation procedure, could 
interact with physical supports for data transmission constituted by the same rails. Thus, 
particular attention must be paid that, this heating system interferes as less as possible with 
railway signals avoiding hazard situations. Although technical literature reports extensive 
works on electromagnetic interferences produced by electrified railway lines on metallic 
pipe networks [2-6], problems related to this new technique have never been exploited. 
In this paper we develop an accurate model, simulated in Matlab/Simulink [7], able to 
predict electromagnetic pollution levels introduced by this new source. These levels 
compared with maximum tolerable ones, guarantee the integrity of data transmission. 
 

2. DESCRIPTION OF THE HEATING RAILWAY SYSTEM. 
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In this section, practical operation and constructive aspects characterising the thermal 
treatment will be focused on. 
The rail heating equipment acts on a 144 meters long section of rail and is basically 
composed by a 900 kVA generator, an “inverted double-star” connected transformer, a 
diode bridge and control system. The whole equipment, placed on a wagon, moves 
following up the clue created on the same ballast constructed for inserting new rails. 
The thermal process is obtained, before the welding of a section to the following, by 
injection of high value rectified currents in one end of the rails and short circuiting the other 
ends. As results, according to the “Joule-effect” theory, an increasing of the internal 
temperature of about 1°C per second occurs on the rails. This thermal stress causes an equal 
dilatation of each rail and, consequently, an equal elongation of at least 10-cm. 
The welding machine, connecting two following sections of railway, is allocated behind the 
short circuit connection and in proximity of it. The elongation is permitted fixing the short 
circuited ends by the weld, and letting the opposite ones unconstrained. This treatment 
modifies geometrical and mechanical characteristics of the railway giving it a better static 
and dynamic behaviour for a long time. 
 

3. DISTURBANCES AND NOISES IN VICTIM CIRCUITS. 

 
Electrified railways represent an important Electromagnetic Interference (EMI) source 
acting against other plants allocated in their close proximity. 
When a power circuit and a communication circuit have sufficient parallelism, they can 
interfere each other due to galvanic or electromagnetic couplings [8]. For this study, we 
treat electric and magnetic fields separately, since low frequency stationary conditions are 
concerned, admitting negligible error [9]. These events can occur during the installation of 
new railway as well as maintenance operations [10]. Even for these operations, regulations 
and technical recommendations, requiring optimal performances in terms of maximum 
reliability and safety, are provided. In this sense, the “Harmonic Mask” represents a 
practical tool introduced by the Ferrovie dello Stato (FS), the Italian railway society. This 
mask is a graphical representation, for each working frequency, of the maximum amplitude 
of each harmonic current tolerable during normal operation for a signalling circuit. 
The heating system created for this new installation technique can be characterised by two 
different kinds of circuits: a metallic loop and two supplementary loops formed by the two 
pieces of rail with their ground return. In the extent to satisfy the harmonic mask constraints, 
the harmonic frequency spectrum for the current injected into the rail is required [11]. This 
quite difficult target is overcome performing an accurate electrical model of the system, that 
is the aim of the following section. 
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4. DESCRIPTION OF THE ELECTRIC MODEL 

 
Interferences between the inducing and communication systems are due to voltage and 
current waveform characteristics of the inducing system. Thus, the system “influence 
factors” include, not only the dc component of voltage and current, but also harmonic 
components generated by the pulsating nature of the rectified current [12]. These currents, 
flowing into each rail, can return into the same rail through ground or, in minor part, may 
sum to constitute what are known as the “eddy currents”. As in classical EMI issues, 
“susceptiveness factors” characterise a communication circuit and its associated apparatus 
in terms of victim exposure level to inductive or conductive fields produced by the inducing 
system. 
The evaluation of harmonic current magnitudes implies the knowledge of the impedances 
harmonic spectrum. Coupling factors characterising impedances express the interrelation of 
neighbouring inducing system and induced communication circuits. For this purpose, J.R. 
Carson’s Theory [13,14] gives basic guidelines in modelling magnetic interferences 
involving ground returns. Applying this model, it is possible to determine the self and 
mutual parallel circuits involving earth-return. This model can take into account the 
variability of the heart resistivity. 
The synthesis of Carson’s Theory applied to this particular case study leads to these 
approximated formulae: 

 Zr = Ra +10−4 ωπ
2

+ jωµ
2

+ jω 1+2ln
2

gαρ
 

 
  

 
 

 

  

 

  
 (1) 

where aR  is the value of the longitudinal resistance, ω=314 rad/sec represents the angular 
frequency, µ is the magnetic permeability of UIC 60 rail, g equal to 1.7811 is the Eulero’s 
constant, α is a constant depending on the absolute magnetic permeability, the soil 
conductivity and the angular frequency while ρ represents the equivalent ray of rail.  
The magnetic characteristic of the material constituting a rail and the presence of alternate 
currents cause the “skin effect”. It causes the thickening of line currents towards the external 
surface of the rail and a corresponding increasing of its resistance value with regard to the 
corresponding dc value. The ratio between these two quantities depends on steel 
characteristics like resistivity and permeability and can also vary with the intensity and 
frequency current flowing into rails. 
If cR  and aR  represent, respectively, the dc resistance and the resistance including the skin-

effect, the following relationship can be done:  

 Ra = RC (1 +
x0

4

3
)  (2) 

where x0 =
r0

2
ωσ st µ

2
,  
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being 0r  the equivalent mean radius of the rail section, stσ the conductivity of the steel and 

µ  the permeability of the steel.  
The mutual impedance represents the major contribution to induced effects on victim 
circuits. It depends on the frequency, the distance between the two circuits as well as 
magnetic and dielectric properties of the interposed material. If 12d  denotes the mutual 
distance between two parallel conductors, the mutual longitudinal impedance between them 
may be expressed, for low frequencies, as: 

 Z12 = jω 2ln
2

gαd12

+1 − j
π
2

 

  
 

  10−4  km/Ω  (4) 

5. TEST RESULTS 

 
The model, developed in Simulink environment, has three phase system voltages feeding a 
transform having an inverted-double-star connection. A system of six diodes rectifies the 
current to be injected into rails giving rise to a six pulse rectified waveform. Diodes are 
modelled with an infinite impedance when they are in the off-state mode and are equipped 
by the R-C snubber circuit. Figure 1 shows the adopted scheme for the rectifier, whereas fig. 
2 represents the entire circuit. 
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fig.1: dc current generator scheme. 
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fig.2: electrical scheme of the proposed model. 

 
The previous evaluated resistance and reactance according to eqn. (1) modelled each rail. 
Two pure inductances confine the ac signalling currents into a railway section and, at the 
same time, give the possibility to the dc current flowing through sections. Thus, this victim 
circuit, was modelled by its concentrate electrical parameter such as the rail impedance, the 
inductive connections and the sending and receiving transformers.  
The system was implemented and tested on an actual railway section solving its related 
differential-algebraic equations adopting a trapezoidal integration rule. 
Figure 3a represents the current injected by the rectifier in a time frame equal to 20 ms. As 
can be noted, six peaks in the fundamental period characterise the output according to the 
particular rectifier adopted. Figure 3b shows the current flowing in the victim circuit. As can 
be noted, this current holds the same number of pulses as the current flowing in the inducing 
system. 
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 fig.3a: the inducing current fig.3b: the induced current 
 
The obtained signal has been analysed by the Fast Fourier Transform obtaining the bar 
diagram of figure 4a which show amplitudes of each harmonic composing the signal. This 
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system is characterised by minimal harmonic contributions rapidly decreasing as the 
harmonic order increases.  
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 fig.4a: the magnitude harmonic spectrum fig.4b: the “FS Harmonic Mask” 
 

Figure 4b represents the Harmonic Mask imposed by the Italian Railway Company. This 
mask has been built on the basis of experiences on the Italian electrified transportation 
system and usually is subject to modifications according to the evolution of communication 
technologies. 
Comparisons between figures 4a and 4b demonstrate that this new installation method is in 
compliance with EMC technical requirements imposed by FS. 
 

6. CONCLUSIONS. 
 
An innovative railway installation technique is analysed in order to evaluate levels of 
interferences against communication circuits, giving the possibility to guarantee continuity 
and safety during ordinary transport operations. This technique, using a pulsating rectified 
current injected into rails to be installed, introduces an uncommon Electromagnetic 
Interference (EMI) source. This problem has been analysed adopting a detailed model based 
on Carson’s theory and developed in Matlab/Simulink environment. 
Test results, compared with the FS Harmonic Mask, demonstrate the goodness of the 
proposed technique. 
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