
 

 

  
Abstract— In this paper we performed a thermal analyses using 

experimental determination of temperature in contact pantograph - 
AC contact line. The pantograph is asymmetric EPC type and the 
contact line wire is TF 100 type, both used in Romanian Electric 
Railways. The influence on the temperature value of the small contact 
area between two collector strips of pantograph and contact wire is 
pointed out.. 
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I. INTRODUCTION 

he contact between pantograph and AC electric railway 
system supply contact line is studied in literature and 

represents an important problem concerning the exploitation of 
rails vehicles. The pantograph - catenary system is still today 
the most reliable form of collecting electric energy for the 
train, when high speed operational conditions are considered. 
This system should ideally operate with relatively low contact 
forces and no contact loss should be observed, so that the 
power be constant.  

A thermal analysis of this system could help maintenance 
operations revealing, for example, overheating of the 
pantograph strip and contact wire. In [1] the pantograph-
overhead contact wire system is investigated by using an  

 
infrared camera. According to the results of finite element 
analysis and the temperature measurement of the tested 
pantograph pan, the effects of different heat sources caused by 
electric arc, contact resistance and friction were studied 
systematically on various pantograph pan materials in [10]. 

The effects of friction and electrical phenomena govern the  
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wear rate in the sliding contact between pantograph collector  
strip and contact wire [3]. 

Heat transfer through interfaces formed by the mechanical 
contact of two non-conforming rough solids is an important 
phenomenon. Real surfaces have roughness and surface 
curvature/out-of-flatness simultaneously. Because of surface 
roughness, contact between two surfaces occurs only over 
microscopic contact spots [11]. 

In  proposed paper, for thermal analyses of the system 
pantograph-contact line, we had made experimental 
determination of temperature.  

 

II. CONTACT LINE – PANTOGRAPH SYSTEM 

The proper balance between the dynamic characteristics of 
the pantograph and the contact line depends on the quality of 
current collectors and on the longevity of the contact wire and 
inserts. The pantograph must support them with sufficient 
force to remain in permanent contact with the wire, but not 
unduly raise (fig.1), which would lose contact after the points 
of attachment [9]. 
 

 
Fig.1. Factors influencing the dynamic behavior of the contact 

line 
 

 
The circular section of the contact wire has two slots for the 

claws of catenary’s suspensions (fig.2). According to the 
supply voltage and power requirements, the section ranges 
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from 100 mm2 to 150 mm2. Produced by cold drawing, the 
section can be cylindrical or have a flat to increase the size of 
the sole contact with the friction of the device outlet. The cable 
must ensure good mechanical traction. 

To decrease the electrical resistance of the line, the contact 
wire and cable are placed in parallel, at regular intervals using 
a copper shunt. The line is characterized by his "copper 
equivalence" expressed in mm². The different supply systems 
involve special design specifications (Table I), depending on 
the intensity carried [9]. 

 
 
 

 

a) contact wire section 

 
 

 
b) contact wire dimensions 

 
 

 
c) contact wire characteristics 

 
Fig.2. Example of contact wire 

 
  
 
 
 
 

Table I. Main features of some types of catenary 

 
 
 

In the plan, it is necessary that the laying of the contact line 
have a zig-zag from the center of the track, so that the contact 
point of the bow varies in time. A fixed point of contact would 
lead to the bow saw (fig.3). 
 
 

 
Fig.3 Desaxement periodic alignment 

 
In curve, there should be a separation of materials 

compatible with the width of the bow, taking into account the 
possible cross movements. 
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Fig.4   Desaxement curve 

F: image of the curve in the range = a ² / 8R 
f: desaxement the right support 
f ': desaxement in the scope 

  
 
The current collectors are now pantographs "light" that 

provide the power supply (fig.5). 
 

 
Fig.5  Examples of pantographs 

 
 

III. M ATHEMATICAL MODEL  

A   Mathematical model for contact wire 
The used mathematical model for determining the 

temperature in contact wire heating in A.C. current  has two 
components, electromagnetic model and thermal model, both 
coupled through the source term (Joule specific loose). 

 

( ) ( ) ( )2 ,S J x yθ = ρ θ ⋅                                                 (1) 

 
Electromagnetic model 
The electromagnetic model is governed by equation: 
 

1 1
( )

A A
j A J

x x y y

  ∂ ∂ ∂ ∂⋅ + ⋅ − ⋅ω⋅ σ θ ⋅ = −  ∂ µ ∂ ∂ µ ∂   
                   (2) 

 
 

 
where :  

- σ - is electric conductivity ; 
 
- µ  is magnetic permeability; 

 
- A  is  magnetic potential vector; 

 
- j  is  imaginary unity ; 

 
- ω  is pulsation ; 

 
         -   J  is  current density. 
 
Thermal model 
The temperature distribution in the analysis domain is given 

by the thermal conduction equation in steady state: 
 

 λ λ 0
x x y y

S
 ∂ ∂θ ∂ ∂θ  + + =  ∂ ∂ ∂ ∂   

                                      (3) 

 
where :  

- θ  is  temperature in celsius; 
 
- λ  is thermal conductivity; 

 
- S  is source term. 

 
 
B Mathematical model for contact pantograph strips – 

contact wire 
As well known, when two surfaces are in contact, the real 

contact area is much smaller than the nominal one. 
The contact occurs in a finite number of asperities that are 

subjected to an elastic, plastic or combined elastic–plastic 
deformation depending on the normal pressure value, on the 
superficial roughness and on the material properties [5]. 

 Existing theories/models for each part (macro and micro) 
are categorized based on the normal deformation mode of the 
bulk (substrate) and asperities into: 

 •  elastic; 
          •  plastic;  

 • elastoplastic. 
 
Figure 6 illustrates the mechanical analysis overview for 

contact of spherical rough surfaces, which includes; a macro 
and a micro part [11]. 

Heat transfer through interfaces formed by the mechanical 
contact of two non-conforming rough solids is an important 
phenomenon. 

Heat flow is constricted to pass through the macrocontact 
and then microcontacts (fig.7). This phenomenon is indirectly 
observed through a relatively high temperature drop across the 
interface[11]. 
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Fig.6 Mechanical problem overview for spherical rough 

surfaces 
 
 

Thermal energy can be transferred between contacting 
bodies by three different modes: 

•  conduction at the microcontacts; 
• conduction through the interstitial fluid in the gap between 

the contacting solids; 
•  thermal radiation across the gap. 
 
 The radiation heat transfer remains small, less than two 

percent of the conduction through the microcontacts, in the 
range of interest, Tc ≤  100 ºC. Therefore it can be neglected 
for most engineering applications. 
 
 
 

 
Fig.7  Non-conforming rough contact 

 
 

Greenwood and Williamson [5] are the first authors that 
proposed a descriptive model for the contact between rough 
surfaces, which is still a benchmark for this research field. The 
Greenwood–Williamson (GW) model is based on the fact that 
the contact between two rough surfaces can be considered as 
an equivalent contact between a rough surface and a smooth 

surface (Fig.8). Each asperity is modeled with a spherical 
shape with uniform radius of curvature whose height above a 
reference plane has a normal (Gaussian) probability density 
function. The hypotheses of G-W model are: 

•  the asperity is spherical; 
• the asperities are far apart and there is no interaction 

among them; 
• during the contact, deformation only occurs for the 

asperities. 
 

 
Fig.8  Contact between rough surfaces modeled as contact 

between a rough surface and a smooth surface 
 

 
The real contact area can be calculated [3]: 
 

** ( )( )crdd
r GW nA A e e−λ⋅ +δ−λ⋅= π ⋅β ⋅ ⋅ +                           (4) 

 
where  -   GWβ  is the roughness parameter; 

 
- nA  is nominal contact area- λ  is coefficient of 

exponential distribution; 
 

-  *d is standard value of the mean separation d; 
 
- crδ is standard value of the critical interference at 

the inception of plastic deformation. 
 

GWβ  , *d , crδ  are defined as: 

 

GW rβ = η⋅ ⋅ σ                                                       (5) 

 

* d
d =

σ
                                                                     (6)   

 
2

cr
K H

2 E
r

π ⋅ ⋅ δ = ⋅ ⋅ 
                                                (7) 

 
where    -   η  is surface density of asperities; 

 
- r is radius of curvature of asperity; 
 
- σ  is standard deviation of asperities 

heights; 
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- d is mean separation; 

 
- K is the ratio between the contact pressure 

that gives rise to a plastic deformation and 
the hardness of material H, considered 
equal to 0.6; 

 
- E is elastic modulus. 

  
 

Values for GWβ , η , r, σ , K and E are given in the Table II 

[5]. 
 
 
 
Table II  The main values of statistical parameters, both for 
copper and for graphite strips 

 
 
 
 
The mean separation d is calculated using the probability 

density function ( )zφ : 

 
 ( ) zz c e−λ⋅φ = ⋅                                                                  (8)  

 
 

0

( )d z z dz
∞

= ⋅ φ∫                                                                (9) 

 
 
 In [11] the author made a comparison of three models 
(Greenwood and Williamson model, Cooper, Mikic, and 
Yovanovich model and Tsukizoe and Hisakado plastic model) 
and he conclude that despite the different basic assumptions 
and input parameters in the GW elastic and Cooper, Mikic, 
Yovanovich and Tsukizoe, Hisakado plastic models, their 

behavior in terms of real contact area, size and number of 
microcontacts, and the relationship between the external force 
and real contact area are comparable in the applicable range of 
the separation.  
 

IV. NUMERICAL DETERMINATIONS 

 
A   Analysis     domain    and    boundary conditions 

For stabilized temperature determination in the contact 
line wire in alternative current, has used a coupled problem 
AC magnetic – steady state heat transfer in Quick Field 
Professional (version 5.4 ). 

The model of contact line wire is presented in figure 9. 
The boundary condition for electromagnetic model is  

A =0 on Γ2 and for thermal model is of convection type (α, 
T0) on Γ1. 

 
 
 

 
Fig. 9. Contact line wire model 

 
 
 
 

B  Numerical results 
We have  solved an electromagnetic and thermal field 

coupled problem for determination the stabilized temperature 
value for alternative current. 

One determined the temperature values by neglecting the 

resistivity variation with temperature ( )θρ ). 

The current density distributions in contact line wire for 201 
A, and 301 A , A.C are shown in figure 10 and figure 11. 

In figure 12 and figure 13 are shown temperatures values  
for 201 A , 301 A, AC current.  
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Fig. 10. The current density distributions – AC current, 

i=201A 
 
 
 
 
 

 
Fig. 11. The current density distributions – AC current, 

i=301A 
 

 
 
 
 
 
 

 
 

 
Fig. 12. Temperature in contact wire –AC current , i=201A, 

θ0=22.7 °C 
 
 
 
 

 
Fig. 13. Temperature in contact wire –AC current , i=301A, 

θ0=23.5 °C 
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V. EXPERIMENTAL DETERMINATIONS 

Experimentally we obtained the temperature in contact wire 
and in contact pantograph strips – contact line, A.C., for 
different values of the current. We performed a static 
determination, considering that the locomotive is not moving. 
The current absorbed by the locomotive is necessary for 
auxiliary services. 

The considered pantograph is asymmetric EPC type and the 
contact line wire is TF 100 type, 100 mm2 section, both used in 
Romanian Electric Railways. 

The contact between two collector strips of pantograph and 
contact wire is made on a small surface  as can be seen in 
figure 14, 15, 16. 

The measured temperatures in contact wire for different 
current values, 201 A, 301 A and 403 A, AC are shown in 
figure 17, 18, 19, where ∆θ =θmax-θ0, (θ0 is ambient 
temperature in Celsius and  θmax is temperature in the wire). 

The measured temperatures in contact pantograph strips – 
contact line, A.C, for different current values, 15 A, 20 A and 
25 A, AC are shown in figure 20, 21, 22. The measurement 
were made for an ambient temperature of 20 ºC. 

Thermal analyses is made by measuring temperatures in 
contact pantograph strips – contact line and with infrared 
thermovision camera. 
 
 

 
Fig. 14 Contact zone 

 

 
Fig.15 Contact zone 1 

 

 
Fig.16 Contact zone 2 

 

 
Fig.17 Contact wire temperature evolution for 201 ampers, 

A.C. current 
 

 
Fig.18 Contact wire temperature evolution for 301 ampers, 

A.C. current 
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Fig.19 Contact wire temperature evolution for 403 ampers, 

A.C. current 
 
 
 
 
 

 

 
Fig. 20 Measured temperatures in contact for 15 A, AC current 

 
 
 
 

 
Fig. 21 Measured temperatures in contact for 20 A, AC current 

 
 
 
 
 
 
 
 

 
Fig. 22 Measured temperatures in contact for 25 A, AC current 
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In figure 23 and figure 24 are shown the thermal spectrums 
of system with infrared thermovision camera. It can be seen 
from this figure the hot contact spots. 
 
 
 

 
Fig. 23 Infrared camera’s view 1 

 
 
 

VI. CONCLUSION 

The experimental results show an increase of temperature 
value in both contacts for a small current value at an ambient 
temperature of 20 ºC. The influence on temperature of contact 
area is evident. The temperature in contact 2 is bigger than in 
contact 1 because of his smaller contact area. 

In the wire between the two contact areas the temperature is 
nearly to the value in contact 1. 
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Fig. 24  Infrared camera’s view 2 

 
 
 
 
 
In future, an analytical and numerical model of contact 

pantograph-contact line for evaluating the temperature values 
will be developed. Numerical model must take into account the 
resisivity variation with temperature. 

The obtained model will be validated by these experimental 
results. 
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