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Introduction

Topicality and necessity theme

The vast majority of rail networks need an electiacomotive electric power is
transmitted through overhead catenary — pantogsgptem. One of the most important features
of this system is the quality of electrical contd®tnning electric locomotives should ideally be
made with low contact force to minimize contact waad destruction of evidence and no power
loss.

Pantograph - contact wire contact is a major opmerabf electric traction vehicles.
Through this contact, contact strip on a round we#e very small contact area, is supplying
locomotive engines, which together have an excegwasands of kilowatts of power.

As speeds increase walking becomes irregular, piogueal separation resulting in arcs
and increase contact resistance. In estimatingctimtact wire and contact strip wear of the
pantograph should be considered and take into atdba electrical resistance dependence of
contact pressure. A pantograph - contact wire obntlaermal analysis can help improve
maintenance operations of all the overheating.

Damage of contact strip leads to hanging contact¢ with negative consequences for
traffic in electric traction systems. The necesslitgme is required by the growing trend in our
country the travel speeds of electric trains. terapts to exemplify the new rail test ring from
Faurei establishing a new high-speed rail in Romania.

Problem proposed to solve

Problem proposed to solve is linked to overall wagnpantograph-contact wire
assembly and has two components:

o developing a mathematical model and a physical ntolestudy electrical contact
resistance of the pantograph - contact wire assembl

o formulation coupled thermal field - electromagndtedd problem to study the thermal
field of pantograph - contact wire assembly and ewcal solution.

Thesis objectives

Thesis objectives proposed to tackle the problemalso create conditions for further
theoretical and applied research in this area:

o determining contact resistance dependence of peessuthe pantograph - contact wire;

o 2D model development and problem solving of coupthenmal - electromagnetic field,;

o 2D model development for transitory thermal regiamalysis of pantograph — contact
wire;

o 3D model development for stationary thermal reganalysis of contact wire;

o study of skin effect influence on contact wire legt

o determine the structure and principle of an assenibt experimental study of
pantograph - contact wire.

Doctoral research methodology

Methodological and theoretical support to carry a@dentific research was the
consultation of theses, books, technical publicetiarea of prestigious journals and scientific
papers, patents, websites

Based on theoretical model of contact between tab durfaces, considering normal
distribution and spherical asperities, theoreti@lies were determined for material coefficients
c andm for graphite contact strips. It was created aneexpental model for studying contact
electric resistance of the pantograph — contact wgsembly and for determining the material
parameters andm.

It was determining the asperity height distribusamith Kolmogoroy Fischer—Snedecor
andStudentests. For numerical study of contact wire healmglternative current, was created
a 2D model and proposes to solve a coupled probleatromagnetic field — thermal field.

The used mathematical problem has two componergieetromagnetical model and
thermal model coupling through source therm.

3
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It was experimentaly determinated the variation laith temperature of heat transfer
coefficient for contact wire. Determination was readith experimental results obtained from
heating contact wire in alternative current anchwitinimizes function in technical computing
program Mathcad. The obtained law was validatet @i and 3D numerical simulations.

Thermal field of pantograph — contact wire assemahd the material parameters
influence were studied considering the cases otactrdisc and electric arc. To study the
thermal field of contact wire was created a 3D nho@lee numerical simulations results were
obtained using for heat transfer coefficient theedained law and for source term the obtained
values from 2D solving problem. The numerical ressulere compared with experimental results
for calculating relative erors.

The skin effect influence on contact wire heatingsvstudy with numerical simulations
and experimental determinations. The numericallt®sitained by solving a coupled problem
were compared to the experimental ones for 201dA3@1 A.

The analysis test systems constructive solutioesgmted in the international technical
literature were established structure and princigdflehe proposed test ring for experimental
study of the pantograph - contact wire assembly.

Scientific novelty of the results

Experimental values obtained for the exponandf the dependence relation of contact
resistance with contact pressure on the graphitéacbstrip — contact wire contact showed that
they are much smaller than the theoretical valuret)is case can be considered in the research
field, that the contact surface is cylindrical amorking on a plastic deformation.

Experimental determination of contact resistangeeddence with pressure on the three
graphite contact strips with different degree ofiwallowed establishing the contact resistance
variation and the exponemtwith the degree of wear.

It was demonstrated that for used graphite corstiaigts the asperities repartitions can be
considered normal and for contact strips less wegponential repartition. For these
demonstration were used the statistical valuesimddafrom roughness diagram and was
determined the asperities repartitions us{egmnogoroy Fischer — Snedeca@ndStudentests.

It was demonstrated that for alternative electrmairent values under 300 A, the heat
transfer coefficient law can be use with minimadrer

The 2D model obtained by solving a coupled probkdecttromagnetic field — thermal
field, has two components: electromagmetical madel thermal model, coupled by source
therm. It was demonstrated using numerical and raxpatal results that contact wire heating is
influenced by skin effect.

The numerical results obtained on pantograph —acbmire transitory thermal regime
shown that thermal field surfaces are almost cyload, so it can be use with a good
approximation the cylindrical model.

Applied value of work

Obtained theoretical results were aplied in expental part of the thesis and will be
used also in further research as:

o having in view the experimentally determined expdn®, can be considered in the
research area, that real contact area is cylindaiméworking with plastic deformation;

o to study electrical contact resistance of the pgnaoh - contact wire assembly can be
considered that for used graphite contact strips a&lsperities repartitions can be
considered normal and for contact strips less wrponential repartition;

o physical model of the pantograph - contact wireeadsy used to study the contact
resistance variation with pressure on the threelgt@ contact strips with different
degrees of wear, it will be used for further reskaon the influence of contact strip
composition on the contact resistance;

a for numerical study of thermal regime corespondmgontact wire in alternative current
can be use with minimal erors determined heat feag®efficient law;
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o mathematical model and 2D model coresponding tglooy problem were used for
numerical determination of contact wire heatingliernative current;

o for numerical study of pantograph — contact wiensitory thermal regime is proposed
cilindrical model;

o the proposed system for pantograph — contact véserably experimental will be used
for further research.

Dissemination

Main results were obtained in the thesis of 12radie papers, 7 as first author and 5 co-
author, 3 research contracts and 2 patent appitgtiwhich were presented and discussed at
national and international conferences, publisihhgdurnals or in conference volumes.

Thesis structure

The thesis is divided into six chapters and makertdmutions to the study of the contact
wire — pantograph system. Relationships are predeh04, 111 figures, 26 tables and 126
bibliographic items.

In Chapter | has conducted an analysis in terms of overall tcociive suspension
catenary - pantograph. There appeared overheackrsiep types used on international and
national electrical and mechanical conditions inggbsWere identified components of a
pantograph, constructive solutions and trends Her liigh speeds. Were analyzed the contact
strips made of different materials and presenteditmportance of the material used in their
construction, given that one can cling to the viareaking contact and cause serious damage to
both the pantograph and catenary.

In Chapter Il were analyzed mathematical models presented iditdrature for the
study of fixed and sliding electrical contacts gmésented results of their comparison. Many
electrical contact resistance studies involve doami distribution corresponding microcontacts
models of rough surfaces. In this chapter were naadgcro and macro analysis of contact to
determine the asperity height distribution.

In Chapter Ill was presented a mathematical model to study thetrield contact
resistance. Using the electrical contact resistavere determined material coefficier&andm.
Based on diagram were determined roughness heigtht namber of smooth values and
statistical values for the three samples. Aspetigight distribution was studied using
Kolmogorov test. For two of the three probes hagenbanalyzed and verified equal variances
and means with Fischer-Snedecor and Student tests.

In Chapter IV have studied the stationary and transient theregiines proper assembly
of contact wire - pantograph. Were carried out 2d 8D numerical simulations for stationary
thermal regime of the contact wire. In this chaptes been studied the influence of skin effect
on the heating contact wire, numerically and tlamgrent thermal regime due to the occurrence
of arcing and material parameters influence orctivgact strip thermal field.

Chapter V contains author experimentally contributions. Hbesen determined
experimentally the contact resistance variatiorhyitessure on the three graphite contact strips
with different degree of wear. Using the results exfjperimental measurements of contact
resistance were determined material coefficierdadm. The results were compared with values
obtained by theoretical.

It was determined experimentally heat transfer fament variation law with temperature
for suspension catenary contact wire.

Considering the case of stationary electric locaveotvas determined experimentally by
measuring the temperature in direct contact ank thig camera with thermovision.

National technical literature detailing not constive solutions of test systems for the
study the assembly pantograph - contact wire, wiscbnly reported in doctoral dissertations
and other publications. In this chapter is preskmrigroposal for a constructive variant of the
pantograph - contact wire assembly test ring.

Chapter VI present author conclusions and contributions.
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Conclusions and contributions

Conclusions regarding overhead catenay — pantograptonstruction

Pantograph is one of the factors that have a pdatiy large influence on speed of travel
and maintenance costs. The literature values faplgte parameters are different, thermal
conductivity, density and specific heat have andrtamt role in the contact strips usage at large
electrical current intensity. Wear of contact stoifpthe pantograph is an extremely important
feature since a rupture can hang wire contacts.

Conclusions regarding pantograph — contact wire ca@act

As increasing speeds walking becomes irregulasinguhe lift off giving rise to electric
arcs and increase contact resistance. In the g¢simmaf contact wire wear and contact strip of
the pantograph must be taken into account the riglactresistance dependence of contact
pressure. Electrical contact resistance valuesde@ersed and difficult to predict despite the
simplicity of theoretical formulations.

Conclusions regarding stationary and transitory regme coresponding to
pantograph - contact wire assembly

A thermal analysis of pantograph - contact wire taoh can help to maintenance
operations. Thermal field of the pantograph - conére assembly and the influence of material
parameters on temperature can be studied usinigndregal model.

Conclusions regarding the instalations for study tk pantograph — contact wire
assembly

National technical literature detailing not constive solutions of test systems for the
study the assembly pantograph - contact wire, wiscbnly reported in doctoral dissertations
and other publications. Other instalations for Wwhitata are available more constructive, were
designed only for studying the mechanisms drivimg pantographs. It can be concluded that,
nationally, there is no professional equipment tizett be studied in terms of electric and thermal
ensemble pantograph - contact wire.

Methodological contributions

In the doctoral thesis was examined in terms ofhallconstructive suspension catenary -
pantograph. There appeared overhead suspensios tygexl on international and national
electrical and mechanical conditions imposed. Watentified components constructive
solutions and trends for the high speeds. Wereyapedlthe contact strips made of different
materials and presented the importance of the rahtesed in their construction, given that one
can cling to the wire breaking contact and causews® damage to the pantograph and catenary.

Using the theoretical relations literature has bpessented an analysis of micro and
macrogeometrical electrical contacts. Have beentifiled and presented mathematical models
used in the literature for the study of fixed afidisg contacts. Were presented the principle of
solving a problem and coupled finite element analysethodology. Was defined the term
"coupled problems" and presented a simplified dietaucture of field problems. Steps were
presented to solve a problem using 2D and 3D figtement method, advantages and
disadvantages of different methods of predictingr@mena (experience, analytical calculation
and numerical computation). Estimated errors wétaioed when heated in alternative current
of contact wire, by comparing experimental and nuicaé (2D and 3D) results. Were presented
values of electric current intensity for which egtiave acceptable values.

Theoretical contributions

Using the theoretical relations literature has bpegsented an analysis of micro and
macrogeometrical electrical contacts. Have beentifiled and presented mathematical models
used in the literature for the study of fixed afidisg contacts. Were presented results of their
comparations. Since electrical contact resistaradaeg are dispersed and difficult to estimate
was considered a spherical shape asperity and hatis@ibution of asperity height and
presented a mathematical model to study electrmatiact resistance.
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Using the values of statistical parameters wasesadd, with graphical representation,
the influence of the statistical distribution ofn¢act pressure variation. Based on theoretical
model of contact between two flat surfaces, comsidgenormal distribution for asperity height
and spherical shape were determined theoreticaksabdf coefficients andm for the graphite
contact strip. Using 3 graphite probes roughneagrdm was obtained. Based on diagram were
determined roughness height, number of smooth sadnel statistical values. Asperrity height
distribution was studied using Kolmogorov test. ko of the three probes has been analyzed
and verified equal variances and means with FisGmedecor and Student tests. Solving
equations 3.17 - 3.21 was obtained random variablé&sing Kolmogorov, Fischer-Snedecor
and Student test results it was determined asgeeight repartition variation with degree wear.

Experimental contributions

The author has created an experimental model fatystg physical contact electric
resistance of the pantograph - contact wire assenWlth this model were experimentally
determined variation of electrical resistance vaitimtact pressure and the material parameters
and m for three graphite contact strips. It was expentally determination contact resistance
variation with contact pressure.

It was experimentally determination the law of afion for heat transfer coefficient.
Determination consisted of heating the contact aredifferent values of alternative current.
Numerical simulations using 2D and 3D finite eletn@ethod validated law.

It was determining contact wire heating with nuroakrisimulations, 2D model and
proposed solving a coupled problem. The used matheah model has two components:
electromagmetical model and thermal model, coupiesource therm.

It was studied the influence of skin effect on tieating contact wire, numerically and
experimentally. Were obtained the values tempeegatwf contact wire in alternative and
continuous current, 201 A and 301 A. Transient rtta&rregime and material parameters
influence on the contact strip thermal field wettedged considering the case of electric arcing.

The author has created a 3D model for stationagynibl regime study of contact wire.
Estimated errors were obtained when heated innalti#e current of contact wire, by comparing
experimental and numerical (2D and 3D) results. a\jgresented values of electric current
intensity for which errors have acceptable values.

Considering the case of stationary electric locaveolvas determined experimentally by
measuring the temperature in direct contact ank thié camera with thermovision.

Contributions regarding the achievement test systemfor pantograph — contact wire
assembly

National technical literature detailing not constive solutions of test systems for the
study the assembly pantograph - contact wire, wigcbnly reported in doctoral dissertations
and other publications. Other instalations for whaata are available more constructive, were
designed only for studying the mechanisms drivimg pantographs. The author has presented a
proposal for a constructive variant of the pantpgra contact wire assembly test ring.

Proposed research directions

Given the experimentally determined value for tkpomentm, the contact can be studied
using a model that considers surface cylindricakact and plastic deformation regime.

The physical model of the pantograph - contact wassembly was used to study the
contact resistance variation with pressure forepgite contact strip with different wear degrees.
It will be used for further research on the inflaerof a strip of friction on the contact resistance

Can study the thermal stationary contact wire regimith the mathematical model 2D of
coupled electromagnetic - thermal field by takingoi account the variation of electrical
resistivity with temperature.

Transient thermal field of the pantograph - conteice assembly can be studied using a
cylindrical contact model.

The proposed system for experimental study of #r@qgraph - contact wire assembly
can be used for further research.
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