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Abstract

The diagnostic tasks, provided measurements and specialised equipment of
stationary test stand for checking of EU-07 locomotives are presented. For
diagnostics of current collectors new method is proposed, which use special
prepared overhead line section on depots exit track. For overhead catenary
diagnostics the complex system consisted of special test carriages and statio-
nary data processing stations is developed. Most of essential catenary para-
meters are measured by the test run and then evaluated by specialised
software.

Streszczenie

Przedstawiono funkcje i oprzyrzadowanie stafiowiska diagnostycznego do
badania lokomotyw serii EU07. Jako przyklad opisano przebieg testu nastaw
wylacznika szybkiego. Zaproponowano nowa metodg kontroli charaktery-

styki statycznej odbieraka pradu. Badanie przeprowadza si¢ na specjalnie -

przygotowanej sekcji sieci trakcyjnej na torze wyjazdowym lokomotywow-
ni. Ocenie podlega przebieg sity oddziatywania przewodu jezdnego na wy-
siggnik specjalnego stupa pomiarowego, wywotanej naciskiem odbieraka na
sie¢. Przedstawiono kompleksowy system diagnostyki sieci jezdnej DST.
W jego sktad wchodza 3 specjalne wagony pomiarowe, dokonujace pomiaru
istotnych parametrow sieci podczas przejazdow diagnostycznych, oraz kilka
stacjonarnych stacji przetwarzania danych. Dzigki utworzeniu specjalne;j lo-
kalizacyjnej bazy danych, automatycznie korygujacej lokalizacje punktow
podwieszenia sieci, rozwiazano problem ich niedoskonatej detekeji, wyste-
pujacy przy wszystkich stosowanych w §wiecie metodach.

Keywords: Electric traction, operatiﬁg, technical diagnostics
Stowa kluczowe: Trakcja elektryczna, eksploatacja, diagnostyka tech-
niczna

1. Introduction

Technical diagnostics as conception of improvement of the railway
systems operation and maintenance has appeared in years seventies

[1]. The electric traction team of Faculty of Electrical Engineering
Gdansk University of Technology (GUT) started the works on this
field by elaboration and
construction of measure-
ment equipment for
overhead contact line in-
spection railway car -
fig. 1 [2].

Fig. 1. Control room of first
* overhead line inspection car

. Rys. 1. Stanowisko operator-
skie w pierwszym wagonie di-
agnostycznym sieci jezdnej

The analogue arrangement enabled measurement of overhead line

* geometry with indication of supports, distance, contact and so na-

med “hard points”. This car was in operation on Polish State Rail-
ways (PKP) over fifteen years and then was replaced by three new
carriages with contemporary generation equipment described later in
this article.

Next step on the way of diagnostics development was elaboration
of test equipment for electric locomotives.

2. Diagnostics system for electric locomotives

As object of diagnostics one of the most popular machine series
EU 07 was indicated by PKP-administration. This is the classic loco-
motive with resistor, contactor control.

The tasks of diagnostics are as follows: evaluation and classifica-
tion of locomotive equipment technical state, fast detection and loca-
lisation of failures, data collection for forecasting of maintenance
requirements.



PAK 12/2003

67

The conception of stationary test stand called LOKTEST 07A was
chosen as most universal [3]. The following measurements are pro-
vided: on board battery test, main circuit control sequence verifica-
tion, chosen contactors switch on/off time control, measurement of
main circuit resistors sections resistance, measurement of overcur-
rent protection apparatus setting (high speed circuit breaker and over-
load relays).

The tests are leaded automatically under control of microcomputer.
It was necessary to elaborate some special interface equipment to joint
microcomputer input-output system with locomotive circuits, with full
galvanic separation. For example: transistor switches (outputs to loco-
motive control circuits), optocoupler logic transmitters (input logic si-

gnals), analogue-analogue
{ EU 07

transducers, special low volta-
ge, high current thyristor feeder

o] O |TO0A] L (0-2 kA), resistance measure-

[0-2A] ¥ 0OV fro2000A1 ent equipment. Some additio-

Interfaces k3 nal installations with special

X connectors were also provided

— DAC in control scheme of locomoti-
Microcomputer system ve.

The general block scheme of

equipment is shown on fig. 2.

Fig. 2. Block scheme of diagnostics system LOKTEST 07A
Rys. 2. Schemat blokowy systemu diagnostycznego LOKTEST 07A

As an example the test of high-speed breaker setting may be de-
scribed. The high current feeder is connected to overcurrent release
coil by means of flexible cables with clamp tips. The thyristor feeder
is controlled by analogue circuit but DAC enables its control from
microcomputer system. At first current quickly rise to the expected
level of detection and then slowly to assure high accuracy of measu-
rement. At the moment when the breaker swit-

general case), by special measurement arrangement on stationary dia-
gnostics stand with servomechanisms and specialised measurement
equipment (time consuming and costly method), and finally on a spe-
cially prepared section of overhead line on depot exit track (chec-
king section).

The idea of the last method is presented on fig. 5. In the checking
section of the track the overhead line is specially graded in aim to
obtain the change of current collector’s height. It is necessary to have
two distances between supports. In the middle of distance between
two catenary masts an additional pole is placed. It enables installa-
tion of the sensors for measurement of force or contact wires vertical
shift.

h

h Upper working
max |7 7 Tposifion

admissible values

Average static

min

Fig. 4. Static characteristic of the current collector, where /4 - height of the panto-
graph, F - static vertical force

Rys. 4. Charakterystyka nacisku statycznego odbieraka pradu, gdzie / - wysokos¢
pantografu, F - sktadowa pionowa sity statycznej

. e . Mast a Catenary wire Mastb Mast ¢
ches off, the signal from auxiliary contact is S | Sensor 2
send to the test system and the value of me- Sensor 1 g:
asured current is recorded. At this moment the c ) ]

. . . ontact wire i F
feeder is automatically switched off. The re- @::I Fu 1 ah "
corded value is compared with nominal data » Y
and the result is displayed as correct or no Way indicators Additional support Additional support SHP
correct evaluation. T~ pole 1 pole 2
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T
Computer system
The diagnostic station ij measurement and data ac«quisiﬁon)

LOKTEST 07A - fig. 3,
is still working in PKP
depot in Gdynia.

Fig. 3. Equipment of diagno-
stic station of electric locomo-
tives

Rys. 3. Wyposazenie stanow-
iska diagnostycznego loko-
motyw elektrycznych

3. Operational technical diagnostics of current
collectors

The problem of current collection from the overhead line by the elec-
tric locomotives and ElectroMotiveUnits (EMU) is essential for the
electric traction operation. The pantograph must maintain good con-
tact under all running conditions. The technical state of current col-
lectors may be described by some parameters and more exactly by
ome characteristics. The most important is static characteristic
(fig. 4). The springs of the pantograph should assure the constant
value of static pressure in operational range. This characteristic may
be verified: manually using dynamometer and simple ruler (most

Fig. 5. Idea of the vertical force measurement on checking section
Rys. 5. Koncepcja sieciowego przesta pomiarowego

Two methods can be applied to for the evaluation of measured
results, obtained during the move of the locomotive by the diagno-
stic section. The first one is the calculation of real vertical force va-
lue F, on basis of the locomotive distance from measuring point [,
and measured force F, or dislocation of the contact wire A% (fig. 5).
It may be described theoretically (with some simplification) as rela-
tion F =f(I ,F ) or F, =f(I ,Ah). The distance between the current col-
lector and the measurement pole is obtained on basis of way indica-
tors. The force value should be contained in the admissible range for
correctly adjusted pantograph (fig. 4). The idea looks simple, but the
problem is the estimation of the real value F,. Second method de-
pends on evaluation of admissible range values F, measured by sen-
sors in relation of the distance /. (fig. 5). It can be marked on the
basis of experiments. In this variant the measured values can be com-
pared with the limit values without estimation of the force F,.

The measured values should be also analysed in aim of detection
of the sudden changes of the force. The large local gradient of curves
from fig. 8 indicates bad co-operation of current collector and con-
tact wire.
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In practice the mechanical structure of the catenary is rather com-
plicated and it was reasonable to verify this diagnostic concept on
physical models. In the Laboratory of Chair of Electric Traction of
GUT was built up the complete model of overhead line section, track
and current collector on a vehicle in scale about 1:5. The forces were
also reduced in given scale and the mean value of vertical static force
of collector was 20 N. This model is conformed to one half of sche-
me presented on fig. 5. It was found that the best results and accura-
cy gives the sensor of angular force and this solution was chosen [4,
5]. The electric resistance strain gauge was installed as a sensor of
the force. The measurement channel consists of amplifier and multi-
function computer data acquisition card. To verify the results given
by the computer the digital oscilloscope was used. The results of
both measurement methods are fully covered. The position of the
vehicle is indicated by reed relays located in intervals of 0.5 m, exci-
ted by magnet fixed to the vehicle. Software localizes the current
collector, measures the actual force and compares it with specified
limits. The results are displayed on the screen and recorded on hard
disk.

Additionally the possibility of detection of the irregularity wear
of the pantograph shoe by similar method was checked out. The wire
is staggered in horizontal plane (as in practice) and horizontal force
sensors are installed. Irregularity of wear causes the horizontal for-
ces that may be observed as oscillations of the contact wire. The
amplitude of oscillations may be a measure of irregularity. Alas till
now the simple measurement method of absolute wear value was not
found.

Positive results of laboratory experiments have allowed underta-
king of the construction of the field-testing equipment in PKP depot
in Gdynia. As in laboratory, the half of provided test section was
built up. The view of the testing field is shown on fig. 6. The isolated
arm joins the contact wire with angular force sensor of force range
up to 120 N. So the test may be carried out under full tension of the
line. The test section has 48 m length. The locomotive position is

detected by 4 m steps
' using induction coils exci-
ted by electromagnet of
braking control system
SHP.

Fig. 6. View of the field-testing
| stand

{ Rys. 6. Widok pomiarowego
odcinka sieci

The relatively high level of disturbances during measurements
was observed. It was generated by a pressure of wind, drive of the
tested locomotive or others locomotives working on the same line
and others. The disturbances have the wide frequency range and are
difficult to suppression, especially in low range of about 10 Hz. The
oscillogram of force signal presented on fig. 7 was registered during
the move of locomotives by test section. The appropriate signal
filtration was applied. The remaining disturbances visible on the oscil-
logram have negligible influence on the measurement accuracy be-
cause in the data processing programme the additional digital filtra-
tion was implemented.

Series of measurement were carried out and the results were close
to the expectations. An example of the results is presented on fig. 8.
Limit curves were calculated on the basis of number of results deri-
ved from different locomotives, collected during several measuring
sessions.

The results of researches are promising. The method is rather sim-
ple, measurement equipment is easy to install and so not too costly.
The accuracy of range 2 up to 5% obtained during test as well in
laboratory as in the field is acceptable. Now the laboratory is prepa-
ring the design of such checking section for PKP. The measurement
system will be joined with the existing diagnostic stand for the loco-
motives [3].
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Fig. 7. Waveforms of the force - with included digital filtration of measuring signal
(upper line) during testing of the pantograph. The position of current collector
every 4 m show the pulses (lower line); vertical scale: 20 N/div, horizontal scale:
10 s/div

Rys. 7. Oscylogram zmiany sily - z wlaczona filtracja sygnatu pomiarowego (prze-
bieg gomy) przy przejezdzie lokomotywy. PotoZenie odbieraka, co 4 m wskazuja
kolejne impulsy (przebieg dolny). Skala sity - 20 N/dz, skala czasu 10 s/dz
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Fig. 8. The exemplary results of measured force in function of position of the cur-
rent collector on the checking section: a) by correctly adjusted pressure of the cur-
rent collector; b) by incorrectly adjusted pressure of the current collector

Rys. 8. Przyktadowe wyniki pomiaru sity uniesienia w funkcji odlegtosci od czujnika
sity przy przejezdzie lokomotywy: a) z prawidlowo wyregulowanym naciskiem
odbieraka; b) z nieprawidtowo wyregulowanym naciskiem odbieraka

4. Overhead catenary diagnostic system DST

The electric traction overhead catenary plays a special role in the
process of traffic maintenance, because its failures often lead to the
long-lasting traffic interruption and the costs of repairs are relative
high. The majority of foreign railway companies use the modern
measurement computer systems for the diagnostics of catenary, mo-
stly installed on the special test carriages [6-9]. The diagnostic pro-
cess is executed automatically during ride of the carriage on the rail-
way line (so called test run); it includes the measurement of essential
parameters of the catenary, as well as the subsequent analysis of the
collected results and finally the diagnosis of catenary’s technical con-
dition. In 1994 the diagnostic system called DST, controlled by DOS-
version software, has been created for PKP; it was installed on two
especially adapted carriages [10]. In the next two years several sta-
tionary data processing stations were implemented, assigned only
for analysis of the collected measurement data. For the third
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diagnostic carriage, constructed in 1999, new version of the system
called DST++ was applied [11]. In 2001 in one of existing test car-
riages the newest fully Windows-version of the diagnostic system,
DST2000, was introduced. The placement of DST systems currently
owned by PKP is presented in fig 9.

POZNAN

WROCLAW

KATOWICE

| - test carriage
- data processing station

Fig. 9. Placement of DST systems by Polish State Railways
Rys. 9. Potencjat diagnostyczny sieci trakcyjnej PKP

In all versions of DST the following basic tasks are realized: the
measurement of contact wire height and deviation (vertical height of
line suspension relative to the rails level and horizontal displacement
relative to the track axis - so called “zigzag”), detection of hard spots,
i.e. strokes of current collector, detection of contact loss between
wire and pantograph shoe, control of adjustment of catenary junc-
tions and the measurement of line voltage. Moreover, there are per-
formed: detection of catenary masts (contact wire support points)
and inductive coils of braking control system SHP, measurement of
carriage distance and speed as well as the registration of the opera-
tor’s signals. The hard spots are detected using accelerometer instal-
led on the pantograph shoe. For detection of catenary poles, two pa-
irs of ultrasonic transmitters and receivers are mounted on the left
and right side of the current collector. The principle of deviation
measurement is based on the detection and locating of the contact
wire on the pantograph shoe surface. This specially designed shoe
consists of two longitudinal parallel contact strips: one of them is
solid and the second is transversally sectioned. The contact wire cau-
ses the short circuit between the first strip and one of the sectors of
the second. This generates the signal in one of the wire detectors
connected separately to the sectors of the second contact strip. The
excited detector indicates the wire’s displacement from pantograph
axis - not from the track axis due to the vertical and horizontal carria-
ge pendulous movements, resulting from its elastic suspension on
the bogies’ frames. For measurement of contact wire height the ab-
solute encoder as a converter of mechanical displacement is used.
The value of wire height relative to the tracks is the sum of three
different components: the measured height of the wire relative to the
roof of the carriage, a fixed value of the carriage height and the dyna-
mic value representing the height of carriage above the track level.
The influence of carriage suspension-specific movements on the
measured values of height and deviation cannot be neglected, if the
geometry of the freely suspended wire, i.e. without pressure from
pantograph, is checked. This occurs e.g. by the acceptance procedu-
re of the new built or repaired overhead lines. In this case test run is
operated at very small speed and with limited static force of current
collector. For measurement of the carriage-box pendulous movements
the incremental encoders with self-coiled line fixed between the car-
riage frame and axle box were implemented. This measurement, along
with the values of current collector static force and overhead line
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elasticity introduced into the programme by the operator, allow the
software correction of measured height and deviation values.

The measurement of all parameters is performed under control of
programme MEASUREMENTS during the test run. The data are re-
corded related to distance with 1-meter resolution. The software ana-
lysis of contact wire deviation allows the additional analytical detec-
tion and locating of support points. Due to the high density of data
and the use of flip-flops in contact wire detectors, that limits the ef-
fects of momentary loss of contact between the wire and the panto-
graph shoe, this analytical method shows good reliability.

The essential part of the DST 2000 is the video-diagnostic sub-
system. The video signal from the camera, installed in the special
turret on the carriage roof and directed on the pantograph shoe, is
overlayed with the VGA signal from computer, containing: special
scaling grid, selected measurement results and identification data.
The joint signal is recorded by the VCR and displayed on the TV -set.
The image of continuous co-operation between contact wire and pan-
tograph shoe, shown on the background of scaling grid, enables the
visual evaluation of height and deviation of line suspension. This
evaluation may be supported by the selected measurement data di-
splayed in the text form in screen corners. The visual part of diagno-
sis process, although time-consuming and subjective, allows noti-
cing the non-measurable failures of the tested overhead line.

The hardware structure of the diagnostic system and the location
of measurement equipment in the test carriage are shown in fig. 10.

Accelerometer for Sectioned pantograph shoe for
/" measiire of éewanon and

detection of hard spofs’
. detection of incorrect junctions
Ultrasonic sensors.

for detection of poies

Height converter if:

Voltage converter
Isolation
modules

O
Computer )
. Carriage
d movement

Automatic Train Braking sensor
GO

Fig. 10. Architecture of overhead catenary diagnostic system DST2000
Rys. 10. Architektura systemu diagnostycznego DST2000

Distance
and velocity

The central part of data processing station is the industrial ver-
sion of PC/Pentium microcomputer. The coupling between the com-
puter and selected measurement sensors, power supply relays and
video-equipment is realised by typical I/O-cards. Specialised modu-
les, designed and made as prototype, are necessary due to the non-
typical voltage level of some sensor output signals. Most of cards
and modules have optically isolated inputs because the computer
should be electrically separated from signal sources and very long
transmission cables by the safety and EMC reasons.

After finish of the measurement process, the recorded data are
analysed to evaluate the technical condition of the tested catenary;
this is executed by the use of the programme RESULTS.
The collected data are also the source values for creating the specific
so called location-database for the tested railway line; this may be
done by the use of the programme BASE.

The correct locating of the catenary masts is substantial for the
evaluation of measured and calculated results, because the nominal
values of some parameters, as e.g. the deviation or height gradient,
are defined only for the support points. The worldwide-applied me-
thods for its detection do not feature 100-percent efficiency. The opti-
cal systems are the most promising [6-8]. They are based on real-
time analysis of the images from several cameras, but are very expen-
sive and are being mostly in research phase. The efficiency of the
supersonic sensors, used in the DST system, was evaluated on the
basis of large number of experiments. It is contained in the range
from about 85% - by speed of 160 km/h up to 100% by the quasi-
static measurements i.e. by speed below 40 km/h. The implemented
analytical detecting algorithm increases the detection reliability.
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Nevertheless the user should sometimes correct the final locations of
the support points, given by the programme. These are time-consu-
ming operations, because the continuous comparison of the VCR-
recorded image of catenary line with the results generated by the
computer is required. To obtain the maximum of automatism and
objectivity of diagnostic process, the data processing algorithm uses
the specially created database, which includes all essential data defi-
ning the precise locations of catenary elements. The programme
BASE, assigned for creating and edition of the base-files, is the es-
sential part of the system software. The base-files are created pro-
gressively on the basis of measurement data taken from test carriage
after its first diagnostic run on given railway line. Also the technical
data contained in the documentation of catenary and the set of dia-
gnostic criteria contained in the maintenance instructions and nor-
malisation standards are taken into account. The base-file contains
the verified structural and location data (the location and designation
of support poles, the track curvature, location of catenary junctions
and areas of wire tensioning), as well as the diagnostic criteria speci-
fic for each catenary section. These files may be updated at any time.
The process of creation and use of the location-database is shown in
fig. 11.

Report1 |
P

Fig. 11. The creation and use of the location-database in the diagnostic process
Rys. 11. Proces przetwarzania danych w systemie diagnostycznym

take place. During its execution the main location-data and locally
valid diagnostic criteria are transferred into the respective records of
the results-file; moreover they are taken into account by the estima-
tion of catenary’s technical condition. This process runs automati-
cally until the disagreement occur - in defined band of tolerance -
between location of real support point (contained in database) and
the point detected by ultrasonic sensors or by analytical method. By
such disagreement, the programme demands from the user the indi-
cation of the real place of the catenary’s mast (e.g. by support of the
videotape or technical documentation), and then continues the coor-
dination again. The example of the use of the base-file is presented
in fig. 12. The upper graphic window of the screen contains the dia-
grams of the new measured parameters of catenary. The data in the
bottom graphic window of the screen are taken from the base-file. In
the example the coordination of both files was executed from the left
side up to the vertical line-marker in the middle of the screen. In the
upper window right from the marker a number of possibly false de-
tections or locating of support points are visible, as well as the area
of incorrect indication of track profile and false criteria for contact
wire deviation. In the upper graphic window are also visible the cu-
rve of contact wire height and the trails of the wire detection on pan-
tograph shoe, which allow the evaluation of the deviation. Similar
looking diagrams, as well as the textual diagnostic reports in chosen
form, may be also printed.

The entire software of system DST2000, including the real-time
measurement procedures, was created for Windows in C ++ langu-
age, only the drivers for I/O-cards have been written in assembler.
The experiments in laboratory proved, that the system work properly
without loss of data records up to carriage speed of about 600 km/h.
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