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Temperature investigation in contact pantog
- AC contact line
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wear rate in the sliding contact between pantograph collector
Abstract— In this paper we performed a thermal analyses usirgfrip and contact wire [3].
experimental determination of temperature in contact pantograph -Heat transfer through interfaces formed by the mechanical
AC contact line. The pantograph is asymmetric EPC type and thgntact of two non-conforming rough solids is an important
contact line wire is TF 100 type, both used in Romanian Electr enomenon. Real surfaces have roughness and surface

Railways. The influence on the temperature value of the small contac .
cdrvature/out-of-flatness simultaneously. Because of surface

area between two collector strips of pantograph and contact wire

pointed out.. roughness, contact between two surfaces occurs only over
microscopic contact spots [11].

Keywords— asperity, contact area, contact resistance, contactln proposed paper, for thermal analyses of the system

wire line, electric railway, pantograph. pantograph-contact line, we had made experimental

determination of temperature.

l. INTRODUCTION
he contact between pantograph and AC electric railway [I. CONTACT LINE — PANTOGRAPH SYSTEM
system supply contact line is studied in literatared The proper balance between the dynamic characteristics of

represents an important problem concerning the exploitationie pantograph and the contact line depends on the quality of
rails vehicles. The pantograph - catenary system is still todayrent collectors and on the longevity of the contact wire and
the most reliable form of collecting electric energy for thghserts. The pantograph must support them with sufficient
train, when high speed operational conditions are considerggkce to remain in permanent contact with the wire, but not

This system should ideally operate with relatively low contagfnquly raise (fig.1), which would lose contact after the points
forces and no contact loss should be observed, so that gigttachment [9].

power be constant.

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

i crosswing
-

infrared camera. According to the results of finite elemer
analysis and the temperature measurement of the tesi
pantograph pan, the effects of different heat sources caused
electric arc, contact resistance and friction were studie
systematically on various pantograph pan materials in [10].
The effects of friction and electrical phenomena govern the

l

F. A. Author is with Electrical Apparatus and Technologies, University of
Craiova, Bd. Decebal, no. 107, 200440, Craiova, ROMANIA (e-mail:
focoleanu@elth.ucv.ro). )

Egpansion

S. B. Author, is with Electrical Apparatus and Technologies, University o
Craiova, Bd. Decebal, no. 107, 200440, Craiova, ROMANIA (e-mail:
ipopa@elth.ucv.ro). . . . . .

T.C. Author is with Electromechanical, Industrial Information, Fi9-1. Factors influencing the dynamic behavior of the contact
Environment Engineering University of Craiova, Bd. Decebal, no. 107, line
200440, Craiova, ROMANIA (e-mail: ghmanolea@gmail.com).

F. D. is with Electrical Apparatus and Technologies, University of
Craiova, Bd. Decebal, no. 107, 200440, Craiova, ROMANIA (e-mail: . . .
adolan@elth.ucv.ro). The circular section of the contact wire has two slots for the

F.E. is with National Institute of Research INCDIE ICMET Craiova, Bdclaws of catenary’s suspensions (fig.2). According to the

Decebal no. 107 200440 Craiova ROMANIA  (e-mail: ; ;
' ' ' ' supply voltage and power requirements, the section ranges
vlase_serghie@yahoo.com ). PPl 9 P q ' 9

Issue 3, Volume 3, 2009 154



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

from 100 mm to 150 mm. Produced by cold drawing, the Table I. Main features of some types of catenary
section can be cylindrical or have a flat to increase the size _ Copper .
Contact lme Weght

the sole contact with the friction of the device outlet. The cabl Contact lne Catenary _ equivalent i

must ensure good mechanical traction. e section | 1 B
To decrease the electrical resistance of the line, the cont: .

wire and cable are placed in parallel, at regular intervals usit tramway copper disk

a copper shunt. The line is characterized by his "copp|| ~————— 07mm® | 107mm* | 152kg

equivalence" expressed in mmz, The different supply syster Principal -

: : : P : 1500 V compound

involve special design specifications (Table 1), depending o

L bronze - Sn | topper disk

the intensity carried [9]. 116 mm? 2x150mm? | 480mm® | 5309kg

Auxiliaire :
143 mm?
3000 V' simple COppEr coppet disk
e }Llf@nnn”- 22100 mm’ | 320mm’ | 2.85kg

I kY j stegl-copper EOppEr 189 mm’* | 185kg
92 mm? 1 % 107 mm?
254V copper - Mg

:DIﬂ Al+ steel ($n) 147mm? | 1334kg
36 mm’ 1 x 150 mm?

b o
®l | In the plan, it is necessary that the laying of the contact line
5_32 have a zig-zag from the center of the track, so that the contact
1 point of the bow varies in time. A fixed point of contact would
lead to the bow saw (fig.3).

I LI I

pports

b) contact wire dimensions

contact e wre
Cotact | Section | Erors i il i Z I I e et U | 15 | Sy, |}

e | (med) | (en)| (ma) | (mm) | (nm) (me) | (men) | (e

Wite

TEWD| 00 | 44 (808300557202 2312026 | 1184024) L8 | 6]
) contact wire characteristics

Fig.2. Example of contact wire 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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Path of the as of the pantograph

where :

d@\\ l I f f l‘v - O-is electric conductivity

- \-\- — T“" - ; - u is magnetic permeability
P R | — A NS _ _ _
Y oT N - A is magnetic potential vector
Fl N
v - ] is imaginary unity,
Fig.4 Desaxement curve
F: image of the curve in the range =a 2/ 8R - wis pulsation ;
f: desaxement the right support
f'. desaxement in the scope - Jis current density

Thermal model
The current collectors are now pantographs "light" that The temperature distribution in the analysis domain is given

provide the power supply (fig.5). by the thermal conduction equation in steady state:
i[k@j+i k@ +S=0 (3)
ox\ ox/) ody\ oy
where :

- @ is temperature in celsius
- A is thermal conductivity

- S is source term.

B Mathematical model for contact pantograph strips —
contact wire
: = g As well known, when two surfaces are in contact, the real
st shmentation N contact area is much smaller than the nominal one.

fire 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:
A Mathematical model for contact wire . elastic;

The used mathematical model for determining the .« pjastic;
temperature in contact wire heating in A.C. current has two e elastoplastic.
components, electromagnetic model and thermal model, both

Fig.5 Examples of pantographs

I1l. M ATHEMATICAL MODEL

coupled through the source term (Joule specific loose). Figure 6 illustrates the mechanical analysis overview for
contact of spherical rough surfaces, which includes; a macro
s(e) =p(9) 2 (x, y) (1)  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
i[& ﬁf}uﬂ[_l ﬁj_j [6oLax(6) LA =—J (2) observed through a relatively high temperature drop across the
ox{p ox) oy\p oy interface[11].

Electromagnetic model
The electromagnetic model is governed by equation:
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smooth (Hertzian) contact contact of conforming rough surface (Fig.8). Each asperity is modeled with a spherical

(macro-scale) surfaces (micro-scale) shape with uniform radius of curvature whose height above a

o m—SImOOth flat refergnce plane has a normal (Gaussian) probability density
] function. The hypotheses of G-W model are:

z Lo .
- - g;n;:d GWT%” » the asperity is spherical;
. plane . e . . .
haif-space : / the asperities are far apart and there is no interaction

elastic

: : among them;
Flasicity theory Plastic models « during the contact, deformation only occurs for the
Elastoplastic model Elastic models it
Fully plastic model Elastoplastic models asperities.
" |
ié’p@*’ ) % A3
contact T elastic half-space l_
plane a st D et ek s itk
contact of spherical rough surfaces K4l
Fig.6 Mechanical problem overview for spherical rough oo
mean of aspenly heights

surfaces
Fig.8 Contact between rough surfaces modeled as contact

between a rough surface and a smooth surface

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; A =Tty A, Qe + W +)) (4)

 thermal radiation across the gap.

The real contact area can be calculated [3]:

. . where - is the roughness parameter;
The radiation heat transfer remains small, less than two Bow g P

percent of the conduction through the microcontacts, in the
range of interest, T&¢ 100 °C. Therefore it can be neglected
for most engineering applications.

- A, is nominal contact aread is coefficient of
exponential distribution;

- d’is standard value of the mean separation d;

- [é:__ - &, is standard value of the critical interference at
— — |body T . . . .

T ey the inception of plastic deformation.

' .I ‘.I - ! 'Q I" f: ‘.‘

a

temperature profile

Bow » d, &, are defined as:

RN Bow =N (& (5)
THH B
SRR IR BRI «_d
'-'::;-;—_.h_,‘_tqoq!_z_‘.;/ d = (6)
F
microcontacts macro constriction )
constriction resistance resistance 5 = KM I )
Fig.7 Non-conforming rough contact < 2[E
where - nis surface density of asperities;
Greenwood and Williamsofb] are the first authors that
proposed a descriptive model for the contact between rough - ris radius of curvature of asperity;
surfaces, which is still a benchmark for this research field. The
Greenwood—Williamson (GW) model is based on the fact that - o is standard deviation of asperities
the contact between two rough surfaces can be considered as heights;

an equivalent contact between a rough surface and a smooth
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behavior in terms of real contact area, size and number of
- dis mean separation; microcontacts, and the relationship between the external force
and real contact area are comparable in the applicable range of
- Kis the ratio between the contact pressurthe separation.
that gives rise to a plastic deformation and
the hardness of material , Honsidered
equal to 0.6; IV. NUMERICAL DETERMINATIONS

- Eis elastic modulus. A Analysis domain and boundary conditions
For stabilized temperature determination in the contact
line wire in alternative current, has used a coupled problem
Values forfgy ., n. I, o, KandE are given in the Table I AC magnetic — steady state heat transfer in Quick Field
5]. Professional (version 5.4 ).
The model of contact line wire is presented in figure 9.
The boundary condition for electromagnetic model is
A =0onT, and for thermal model is of convection type (

Table Il The main values of statistical parameters, both for To)onr.

copper and for graphite strips

Parameter Value for copper Value for graphite
Coefficient of exponential D.115 0.06 TR R
distribution, ¢ (Eq.(10]) \
Coefficient of expanential 0.178 0.102
distribution, 4 (Eq.(10])
Standard deviation of asperity 7.349 11.383
heights, o \
Radius of curvature of asperity 30 70
sumimits, r [jum] \
Area density of asperities, § 400 10-8 300 10-8
[1fpm?] o
Hardness of material, H [N/mm?] 700 7 S R
Equivalent elastic modulus, £ 72500 4813 cantact line wire I
[N/mm?] 1
Mominal cantact area, A, [mm?| 300 300 |
[nitial arithmetical mean 11 23 air
roughness of surface, R, [pm] \

The mean separatioth is calculatedusing the probability
density function@(z) : Fig. 9. Contact line wire model

®(z) = cOe™ (8)

B Numerical results
® We have solved an electromagnetic and thermal field
d= J- zUp( 9 dz (9) coupled problem for determination the stabilized temperature
0 value for alternative current.
One determined the temperature values by neglecting the
resistivity variation with temperaturp(@)).

In [11] the author made a comparison of three models The current density distributions in contact line wire for 201
(Greenwood and Williamson model, Cooper, Mikic, and\, and 301 A, A.C are shown in figure 10 and figure 11.
Yovanovich model and Tsukizoe and Hisakado plastic model) In figure 12 and figure 13 are shown temperatures values
and he conclude that despite the different basic assumptidas201 A, 301 A, AC current.
and input parameters in the GW elastic and Cooper, Mikic,

Yovanovich and Tsukizoe, Hisakado plastic models, their
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Current Dengity
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2082

| 13365

2.080

13382

2078

L 13359

2078

Fig. 10. The current density distributions — AC current, ) - ) )
i=201A Fig. 12. Temperature in contact wire —AC current , i=201A,

6,=22.7°C

13356

Current D engity
Tiora [10F8m%)

56.90
3120

B8(°C)

15587
317
[ 155.84
3114
15581
am
[ 15678
3108
[ 155.75
3108
16672
3102
15569
_ 3099 | =566
Fig. 11. The current density distributions — AC current,  Fig. 13. Temperature in contact wire —AC current , i=301A,
i=301A 6,=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, 1@t 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, whereA® =06y, (6o is ambient
temperature in Celsius ard},.« 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 °C.

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

Fig.15 Contact zone 1
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current value= 20 A
403 Ammners 55
20
=0
72
45 1
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IR R [ oot = oot e
time (miriutes) Fig. 21 Measured temperatures in contact for 20 A, AC current
Fig.19 Contact wire temperature evolution for 403 ampers,
A.C. current
current value= 15 A current value= 25 A
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Fig. 20 Measured temperatures in contact for 15 A, AC currehig. 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. 24 Infrared camera’s view 2

Fig. 23 Infrared camera’s view 1

VI. CONCLUSION In future, an analytical and numerical model of contact

The experimental results show an increase of temperatlm@wtograph-contact line fer evaluating the temperature values
value in both contacts for a small current value at an ambieMi! be developed. Numerical model must take into account the
temperature of 20 °C. The influence on temperature of cont488ISivity variation with temperature. .
area is evident. The temperature in contact 2 is bigger than in' '€ obtained model will be validated by these experimental
contact 1 because of his smaller contact area. results.

In the wire between the two contact areas the temperature is
nearly to the value in contact 1.
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