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Abstract

The railway traction network line is one of the technical elements ensuring proper operation of railway traffic. Due to its technical func-
tion and specificity, it is an essential element of the railway infrastructure. That is, why diagnostics of traction networks is a very im-
portant issue. In the article, the authors presented issues related to the diagnostics of 3kVDC traction networks. An analysis of traction
network faults for a group of power supply areas was also presented. Additionally, calculations of damage indicators in a selected, repre-
sentative power supply area are presented. On the basis of made an analysis authors proposed solutions aimed at minimizing breakdowns

in traction networks.
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1. Introduction

More and more freight on rail routes along with a growing speed
of vehicles are requirements that the traction network need to
comply with. High demands concerning its quality and reliability
are of a strategic importance because the traction network does not
have reserve. Early detection of changes in the traction power
network is the main task in inspection activities. A condition for
efficient planning of repairs and replacements is precise and the
most up-to-date possible knowledge concerning the condition of
rail traction devices. [1,2,3,4] A properly operating traction net-
work enables traction vehicles to be operated in an optimal and
safe way. It also gives the possibility of using modern solutions in
the field of traction power engineering, and in particular in the
field of energy efficiency. These solutions contain, first of all, the
recuperation of electricity and the use of energy storage tanks
[5,6,7]. These methods are currently the basis in the field of ener-
gy consumption of rail vehicle traffic.

2. Diagnostics of Power Traction Network 3kv
DC

The 3 kV DC railway overhead wires constitute extensive struc-
tures of interconnected elements. Such a large technical complex
is exposed to frequent failures and damage. Disturbances in the
proper functioning of the network are caused by: breaking of elec-
tric wires, lack of electro-electronic power supply, operation of
unauthorized persons. Due to the wide range of causes of failure
and damage, they are divided into three main groups: Group | -
damages dependent on traction network devices, Group Il - dam-
ages dependent on electric traction vehicles and their service,
Group IlI - other. Due to the subject matter of the article, the au-
thors further present issues related mainly to the damage of Group
l.

2.1. DC Traction Network Failure

To illustrate the scale, the problem was analyzed for damage and
faults occurring in the 3kV DC traction network. The results pre-
sented below relate to the selected representative supply area of
the 3kV DC railway traction and apply to a three-year period.
Figure 1 shows the percentage share of Group | damage in com-
parison with the damage of Group Il and Group IIl.
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Fig. 1: Percentage share of Group | damage compared to Group Il and
Group Il damages in the first year of the analysis

The index of share of Group | in the first year of the analysis was
22%, and in the remaining years - 19% and 15%, respectively.
Figure 2 shows the number of Group | failures in the analyzed
power circuits.
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Fig. 2: Number of failures from Group | in the analyzed districts of the
3 kV DC power supply network (D.1-District 1, etc.)

In the case of traction, there is a systematic reduction in the num-
ber of failures and network failures. This is the result of proper
diagnostics, maintenance and modernization of the network and
the use of more and more modern construction solutions.
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The improvement of the overhead contact network is caused by
adequate financing. It followed after a period, when the policy of
local governments, as well as ministry of infrastructure, led to a
slow disappearance of railway traffic, by cutting off the sources of
financing. The occurring damages are quickly localized and re-
moved in relation to previous years. Sporadically failures do not
affect train delays as much as they used to. Appropriate network
sectioning and the use of supernumerary elements leads to in-
creased reliability of the traction network. On the basis of damage
data for the selected power supply section, failure rates for indi-
vidual groups were calculated in the next three analyzed years.

e The Group | damage indicator (per 100 t/km) was calculated
as follows:

W1= number of failures in group I / numbers of the traction net-

work operated in t/km * 100

W1 (year 1)=6/ 1464.11*100=0.41

W1 (year 2)=3/ 1460.21*100=0.21

W1 (year 3)=6/ 1457.70*100=0.21

e The Group Il damage indicator (per 100 t/km) was calculated
as follows:

W2= number of damages in group Il / numbers of the traction

network in service int/ km* 100

W2 (year 1)=7/ 1464.11*100=0.48

W2 (year 2)=7/ 1460.21*100=0.48

W2 (year 3)=1/ 1457.70*100=0.07

e The Group Ill damage indicator (per 100 t/km) was calculated
as follows:

W2= number of damages in group Il / figures of the exploited

traction network in t/km * 100

W3 (year 1)=25/ 1464.11*100=1.71

W3 (year 2)=27/ 1460.21*100=1.71

W3 (year 3)=31/ 1457.70*100=2.54

The higher the value of the coefficient for a particular group is, the
greater the network failure rate is. A comparison of the above-
calculated coefficients is presented in Table 1.

Table 1. Breakdown of the failure rate for individual damage groups

Group damage indicator | i E 041 021 021

(at 100 t/km)
Damage indicator - Group Il 0.48 0.48 0.07
Damage indicator - Group |11 1.71 1.71 2.54

Total damage indicator
(Groups I+11+111)

2.60 2.53 2.81

2.2. The Concept of Traction Network Diagnostics

The basic principles of diagnosing the technical condition of the
traction network are governed by the internal guidelines of the
PKP company - IEN-2-5520-31/00. These guidelines specify
technical criteria on the basis of which the following conditions
are defined: the status of the traction network, the method of diag-
nosing individual elements of the traction network and the equip-
ment of organizational units dealing with the diagnosis of the trac-
tion network. Technical requirements and dimensional tolerances
apply to the full range of lines with a maximum speed of 140km/h,
while on lines with higher speeds, they are valid if strict require-
ments are not specified. Figure 3 presents activities included in the
diagnostics of traction networks.
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Fig. 3: Components of the diagnostic catenary 3 kV DC [8]

The diagnostic process of the 3kV DC traction network includes
the following elements: control tests, measurements, review of
technical documentation, analysis of the causes of traction net-
work breakdowns. Control tests are based on an inspection of the
overhead line equipment, including: supporting structures, lash-
ings, foundations, foundation heads, contact wire, support cable
and other. Guidelines define measurements as actions aimed at:
detection of threats to the safe operation of 3 kv DC traction net-
work, checking compliance with technical requirements and toler-
ances, including measuring the consumption of contact wires,
suspension height and the distance of the contact wires, insulation
distances from earthed structures, height of suspending tension
weights, the gauge of the traction network support structures.
Measurements are made using direct and indirect methods using
specialized devices.

2.3. Diagnostics Methods for Traction Networks

The diagnostics of the traction power network include the upper
and bottom network. The upper network of the electrical traction
is diagnosed using a diagnostic car and contact (DST 2000 [9])
and contactless methods.
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Fig. 4. Distribution of inspection systems in a diagnostic car

Diagnostics include the traction network and pantographs. One of
the most important parameters influencing the quality of the coop-
eration of a pantograph and a catenary construction is the pressure
of the pantograph on the overhead line. Too light pressure leads to
interconnection breaks and too heavy pressure leads to excessive
displacing of the catenary construction which, as a result, leads to
mechanical damages and excessive wear and tear of carbon co-
Vers.
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Rail network is characterized mostly by two parameters: rail
grounding resistance rp [Qkm] and longitudinal resistance of the
tracks rs [(Vkm]. Two technical problems result in this situation:
insufficient conductance of the tracks and earth-leakage current.

3. Assessment of the Current Status of the
Traction Network

The assessment of the traction network condition in the selected
section was performed based on the indicators proposed by the
Railway Institute of Poland. It is obvious, that before carrying out
such an assessment, the necessary research material was first col-
lected. For this purpose, in accordance with the provisions of the
let-2 manual [10], the technical condition of the traction network
was inspected on a selected section and the necessary documenta-
tion materials were obtained. The collected material allowed to
assess the condition of the traction network using seven indicators.
Indicators according to the applied algorithm can be divided into
three groups:

¢ Indicator for assessing the condition of contact wires ,,Wdjp”,

(Gnom —Gmin) —(Gsr.measur. —Gmin)J

Wdijp = .
(Gnom —Gmin)
=0<Wdjp <1 @

The algorithm used in this indicator allows to determine the condi-

tion of the conductor by comparing the thickness of the new con-

tact wire djp and calculated average wear based on the last meas-

urement.

e The indicator of assesment of supporting calbe ,,WIn”, support-
ing structures ,,Wk”, equipment ,,Wosp”, insulation ,,Wizo” and
the return network ,,Wpo”.

WIn,Wk,Wosp,Wizo,Wpo:(STrmX — STocen , Wu J/

+
STmax — STmin ~ Wprz
=0<Win<1 @

Above indicators constitute the quotient of the current assessment
status for the minimum assessment and the quotient of the current
age of the devices to the expected exploitation time. This way of
constructing the indicator allows to include, on the one hand, the
age of devices, and on the other hand the objective assessment
issued by the diagnostician on the basis of all available infor-
mation.

e Traction network status indicator ,,Wst”

6
=0<Wst<1 ?)

Wstf[dep +WIn +Wk +Wizo +Wosp +Wpo]7

It is the arithmetic average of all indicators, which allows for issue
a general rating for each diagnosed section.

The value of individual indicators indicates their technical condi-

tion and it means:

¢ 0.00<W<0.25 — indicator for good status — devices after mod-
ernization, with a non-deteriorated degree of wear; their tech-
nical condition allows further safe operation without the need

for ongoing repairs.

» 0.25<W< 0.83 — indicator for a sufficient condition / satisfac-
tory - technical condition of the devices allowing for further
safe operation; the possibility of performing current repairs.

o 0.83<W< 0.99 — satisfactory status indicator — devices qualify-
ing for renovation / modernization; the technical condition of
the devices allows their further operation with suspended su-

pervision.

o W=1 — indicator for insufficient status — devices that due to
poor technical condition should be excluded from further use,
e.g. they are eligible for reconstruction.

Structure, description and graphic interpretation of the contact

wire indicator ,,Wdjp”:

Table 2. Contact wire indicator ,, Wdjp” parameters

The scale of the indicator

The number of fixed assets for the
indicator Wdjp

0.00<Wdjp<0.25 30
0.25<Wdjp<0.83 90
0.83<Wdjp<0.99 7
Wdjp=1 0
% %° [7A%3
Il m2
03 o4
AR

Fig. 6. Percentage of individual indicators of the condition of contact wires
“Wdjp” in relation to the number of devices (1-Wdjp=1; 2-
0.83<Wdjp<0.99; 3-0.00<Wdjp<0.25; 4-0.25<Wdjp<0.83)

Structure, description and graphic interpretation of the "WIn" car-

rier rope indicator:

Table 3. "WIn" carrier rope indicator parameters

The scale of the indicator

The number of fixed assets for the

indicator Win
0.00=<WIn<0.25 5
0.25<WIn<0.83 5
0.83<WIn=<0.99 74
Win=1 0
%.
m]l m2
A %1
o3 o4

%1

Fig. 7. Percentage . of individual indicators of the condition of contact
wires “WIn” in relation to the number of devices (1-0.00<WIn<0.25; 2-
0.25<WIn<0.83; 3-0.83<WIn<0.99; 4-WIn=1)

Structure, description and graphic interpretation of the carrier rope

indicator ,,Wk”:
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Table 4. Carrier rope indicator ,,Wk” parameters

Table 7. Return network indicator ,,Wpo” parameters

T LT, S The numbe_r o_f fixed assets for the T e G ATeEer The numb_er c_)f fixed assets for the
indicator Wk indicator Wpo
0.00<WKk<0.25 0 0.00< Wpo <0.25 0
0.25<Wk<0.83 81 0.25< Wpo <0.83 82
0.83<Wk<0.99 3 0.83< Wpo <0.99 2
Wk=1 0 Wpo =1 0
% %
m] w2 m]1 m2
% %+
%t 03 o4 . o3 @4
%31 04,9A

Fig. 8. Percentage of individual indicators of the condition of contact wires
“WKk” in relation to the number of devices (1-0.00<Wk<0.25; 2- Wk=1; 3-
0.25<Wk<0.83; 4-0.83<Wk<0.99)

Structure, description and graphic interpretation of the insulation
indicator ,,Wizo”:

Table 5. Insulation indicator ,,Wizo” parameters

Fig. 11. Percentage of individual indicators of the condition of contact
wires “Wpo” in relation to the number of devices (1-0.00<Wpo<0.25; 2-
Wpo=1; 3-0.25<Wp0<0.83; 4-0.83<Wp0=0.99)

Structure, description and graphic interpretation of the traction
network status indicator ,,Wst”:

Table 8. Traction network status indicator ,,Wst” parameters

The scale of the indicator The numb_er qf fixed e}ssets for the The scale of the indicator The numbt_er qf fixed assets for the
indicator Wizo indicator Wst
0.00<Wiz0<0.25 0 0,00< Wst <0,25 0
0.25< Wiz0 <0.83 82 0,25< Wst <0,83 79
0.83< Wiz0 <0.99 2 0,83< Wst <0,99 5
Wizo =1 0 Wst =1 0
%+ %+
m] m2 m] m2
%+ %*
oy B3 84 o3 @4
041
044 ¢
0% aA

Fig. 9. Percentage of individual indicators of the condition of contact wires
“Wizo” in relation to the number of devices (1- 0.00<Wiz0<0.25; 2-
Wizo=1; 3- 0.25<Wiz0<0.83; 4- 0.83<Wiz0<0.99)

Structure, description and graphic interpretation of the devices
indicator ,,Wosp”:

Table 6. Devices indicator ,,Wosp” parameters

The scale of the indicator The numper _of fixed assets for the
indicator Wosp
0.00< Wosp <0.25 0
0.25< Wosp <0.83 82
0.83< Wosp <0.99 2
Wosp =1 0
%+
@1 m2
%
04 03 o4
%A

Fig. 10. Percentage of individual indicators of the condition of contact
wires “Wosp” in relation to the number of devices (1-0.00<Wosp=<0.25; 2-
Wosp=1; 3-0.25<Wosp<0.83; 4-0.83<Wosp<0.99)

Structure, description and graphic interpretation of the return net-
work indicator ,,Wpo” :

Fig. 12. Network status indicator “Wst” for the analyzed section of the
railway line (1- 0.00<Wst<0.,25; 2- Wst=1; 3- 0.25<Wst<0,83; 4-
0.83<Wst<0.99)

Analysis of the research material leads to the following conclu-

sions:

e Indicator ,,Wdjp” shows, more than 95% of contact wires have
a good or satisfactory condition, however the remaining 5%
qualifies for renovation due to approaching the maximum
permissible values of average and local wear of the djp cable
cross-section.

e The "WIn" indicator indicates that nearly 90% of lifting ropes
are eligible for replacement due to unsatisfactory condition.

e Indicators "WKk", "Wosp", "Wizo" show unambiguously that
98% of supporting structures, accessories and insulators are el-
igible for renovation.

e The "Wpo" indicator informs that 98% of the return network
in the examined section is eligible for renovation.

e The "Wst" indicator, which is the arithmetic average of the
remaining indicators, indicates that 95% of the traction net-
work on the tested section has a sufficient condition, however
5% of devices are eligible for renovation / modernization.

4. Conclusion

The analysis allows to conclude, that the main reason for obtain-
ing such poor results for the majority of indicators is the time of
exploration of traction network devices in the analyzed section,
which is 40 years (the expected period of service for traction net-
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work is just 40 years). The second issue is the very small number
of renovations carried out during the current period of operation.
The collected material and the analyzes performed in the course of
the study show that the entire section of the traction network needs
to be modernized quickly. Despite the first steps towards moderni-
zation, there is no doubt that work is needed to develop the project
and then implement it. There are several options to consider, how-
ever, what is worth emphasizing, the replacement option and re-
lated expenditures can match or even exceed the construction of a
new traction network. It should be emphasized, that despite the
costs incurred, only the original state will be restored without a
significant increase in speed. Therefore, the only correct solution
is the complete disassembly of the existing traction network, and
then the construction of a new one with the necessary infrastruc-
ture and a track system adapted to the speed of 120km/h. Until the
implementation of modernization works, it was proposed the solu-
tions, which improve the traction network indicators in locations
where the lowest results were obtained and which require overhaul
in the first place, i.e. exchange of lifting ropes at the six stretch
sections, replacement of “djp” contact wires on two tension sec-
tions and replacement of 11 support structures. The proposed solu-
tions have been adopted, while their implementation should be
carried out with increased supervision. In the conclusion of the
analysis, it should be emphasized once again that the diagnostic of
the traction network consists in collecting information and as-
sessing the current technical condition, and consequently present-
ing the technical condition of the traction network, based on which
maintenance cycles can be determined and any damage that may
occur.

The basic condition for successful planning of repairs and re-
placements is accurate and up-to-date knowledge about the condi-
tion of the devices. However, due to economic reasons, periods of
periodic inspections and periods of inspection inspections per-
formed by specialized diagnostic cars were extended. Considering
the above facts and time of operation of traction network devices,
it is mainly the diagnostician is responsible for the correct assess-
ment of the traction network condition.

It should be strongly emphasized, that steps should be taken to
carry out as many automatic inspections as possible by specialized
diagnostic cars. This is mainly due to inspection time, but also to
economic factors related to the lack of the need to block railway
line, and above all, early detection of potential failures. It is equal-
ly important, that the inspection tours are carried out with modern
diagnostic vehicles, which, in addition to measuring the basic
parameters, will also allow the measurement of “djp” cable wear.
At the time of increasing speed on railway lines it seems to be the
only reasonable solution.
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