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Wheel detection system UTR

New solution for ON/OFF switching
of level crossing systems

.Hrvoje Horvat

There are many level crossing systems
that use spot double-channel wheel
detection for switching on/off the
level crossing, usually combined with
a short audio frequency track circuit,
loop or axle counting section for
detection of a train stopping on the
road area. Today, there are even bet-
ter ways to activate/deactivate the
level crossing, for example vsing two
or three axle counter sections (per
single line) that cover both approach
(from both sides) and road area.
However, in both eastern and western
Europe there are still many older level
crossing systems that use spot wheel
detection (without counting axles)

for switching on/off the level crossing
and most of these level crossings will
be in operation for another 10 or 20
years, or even more. Lots of different
wheel detection devices are used on
such level crossings: from mechanical
treadles and magnetic detectors with
reed-relay to electronic inductive
wheel sensors such those used in
modern axle counting systems. The
wheel detection system UTR/ITR
based on the inductive double wheel
sensor ZK24-2 is a new solution either
for replacement of mechanical trea-
dles and magnetic detectors, or for
implementation in new (evel crossing
systems.

1 Introduction

In south-eastern Europe most of the cur-
rently installed level crossing systems are
old relay-based systems that use spot dou-
ble-channel wheel detection for switching
on/off. Such level crossings were installed
during the 1960s and 1970s, and most of
them still use old magnetic wheel detec-
tors with reed-relay produced by Siemens
(two detectors per switch-on point on
both sides of the road and two detectors
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per switch-off point), or mechanical trea-
dles produced by Silec. The operation of
such magnetic detectors relies on the per-
manent magnetism and good condition of
the reed-relay contact already in the de-
vice, mounted on the rail. In such a long
operating time period (> 30 years) the per-
manent magnet loses the strength of the
magnetic field and the contact material of
the reed-relay becomes rather worn. The
maintenance and repair of the magnetic
detectors becomes more difficult every
year and the number of failures increases.
As a replacement for these magnetic
wheel detectors, the Altpro company de-
veloped the wheel detection system UTR
that uses the electronic double wheel sen-
sor ZK24-2, already proven in Altpro‘s axle
counters BO1 and BO23. Since the wheel
sensor ZK24-2 has two separate sensing
systems in the same case, one sensor
ZK24-2 together with the relay interface
module UTR245 can replace two magnetic
wheel detectors.

2 Wheel detection system UTR as
a replacement for old magnetic
detectors

Electronic wheel sensors do not usual-
ly have the same principle of outpulting
the wheel presence information as ma-
gnetic detectors and mechanical treadles;
the sensor usually has current or voltage
output and a magnetic detector has relay
contact output. For direct replacement of
magnetic delectors with electronic wheel

sensors on relay level crossing systems,
the interface of current or voltage signal
to relay contact or optocoupler is needed
Figure 1 shows how one switch-on detec-
tion system (e.g. on the left side of the
road) is performed using the wheel detec-
tion system UTR (Figure 7)

As can be seen from Figure 1, the wheel
detection system UTR consists of the
wheel sensor ZK24-2 on the switch-on
point on track and the interface module
UTR245 located in the level crossing hous-
ing or cabinet, which provides relay and
optocoupler outputs. The lightning pro-
tection module ZUT is connected between
the sensor and the interface module to
protect the interface module UTR245 and
the rest of the level crossing system from
lightning overvoltages. For the connection
of the indoor and outdoor parts of the
system (the distance could be up to 2 km,
depending on the train speed) two wires
are used per sensing system of the sensor
ZK24-2,i.e. four wires total. Whether mag-
netic or mechanical treadles are replaced,
exactly the same cabling infrastructure is
already present, because two treadles are
used for switching-on the level crossing
(on each side of the road) for safety rea-
sons (OR-logic: activation of any treadie
will switch the level crossing on, but if only
one treadle was activated, the level cros-
sing system will indicate disturbance). Each
magnetic detector is connected via one
twisted pair (two wires), so two twisted
pairs already exist between each switch-
on point and the level crossing when one
wheel sensor ZK24-2 replaces two magne-
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Figure 1: Wheel detection system UTR as a swilch-on detection system for level crossing
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Figure 2: Rail/wheel sensor Z

3 Wheel sensor ZK24-2

The wheel sensor ZK24-2 was developed
| by Altpro together with the axle coun-
| ter BO1 and is used as a wheel detection
. component in the axle counter type BO23
. and BO1, which has been in regular oper-
. ation in automatic block on Croatian Rail-
ways for several years. Croatian Railways
recently decided to replace old magnet-
ic detectors on relay level crossings and
Altpro developed the interface module
UTR245 to be able to connect the wheel
sensor ZK24-2 to the relay level crossing
| and replace the magnetic detectors.
A crucial requirement is that the sensing
| systems (H and L, see Figure 1) in the
sensor are completely separated, both
functionally and galvanically, to be able to
replace two magnetic detectors with one
sensor ZK24-2. Each sensing system works
independently and is based on the induc-
tive principle with different frequency of
the magnetic field for each system. Elec-
tronic circuitry for wheel signal evaluation
on each system is already integrated in
the sensor’s case and filled with a special
compound for water protection class 1P&8.
Two wires of the four-wire sensor cable are
dedicated to each sensing system; each
system receives the DC power supply via
these two wires and gives the wheel pul-
se signal to the level crossing system via
the same two wires. The signal is provided
as a DC current loop with higher current
| without the wheel presence and lower
current when the wheel flange is present
| above the sensor. The current loop pro-
.~ vides for a very long distance between the
.~ sensor ZK24-2 and the interface module
| UTR245; e.g. with wire diameter 0.9 mm
the maximum distance is 17.8 km.
The sensor ZK24-2 1s mounted on the
inner side of the rail vsing the universal
mounting clamp fixed to the rail foot (Fi-
gure 2) There is no need for rail drilling
and the same mounting clamp can be used
on rail types 545...549...U1C54...UICE0
(including all types in between).
The big advantage of the wheel sensor

sing housing

2K24-2 is its very simple and quick in-
stallation and maintenance. Installation
requires no electrical adjustment (no po-
tentiometers or similar adjustment); only
mechanical position adjustment using the
plastic template is required. Maintenance
is reduced to only a six-monthly position
check using the plastic template. If the
sensor becomes detached from the rail for
any reason, both systems will output the
low current state continuously (fail-safe).

4 Interface module UTR245

The interface module UTR245 contains
two galvanically separated channels that
convert the current loop signal from each
system of the wheel sensor ZK24-2 to the
safety relay and optocoupler output (see
Figure 7). The box of module UTR245
is provided for mounting on a DIN-rail
(99.7mm wide box) or panel anywhere
in the level crossing housing or cabinet
(Figure 3). Figure 3 shows three interface
modules UTR245/ITR245 together with
lightning protection modules ZUT (also
on DIN-rail) installed in one level crossing
housing on Croatian Railways (two double
wheel detectors for switching on and one
for switching off).

There are three types of outputs on each
channel of the module UTR245: two op-
tocouplers and ane safety relay. One op-
tocoupler provides a pulse for each wheel
that passes the sensor. The safety relay
operates on the first train wheel ang re-
turns to the basic state with time delay
(55, adjustable at user's request) after
the passage of the last wheel. The other
optocoupler operates the same way as
the safety relay, but only in one direction
of train movement. The appropriate op-
tocoupler on the other channel operates
only for the other direction of train move-
ment.

The safety relay contact output is suitable
for connection with older relay level cros-
sing systems; using the relay outputs, the
wheel detection system UTR can directly

Figure 3: Inlerface modules UTR245/1TR245 installed in level cros-

replace two magnetic or mechanical trea-
dles, which also have relay contact as out-
put. Two galvanically isolated potential-free
change-over contacts of the safety relay on
each channel are provided on the interface
module UTR245. Since the wheel detection
system can be used for either switching on
or switching off the level crossing system,
there are two types of interface module:
UTR245 and ITR245. The only difference
between these two types of module is
that module UTR245 has safety relays
picked-up in the basic state (when there is
no wheel above the sensor), and module
ITR245 has safety relays released in the bas-
ic state. The wheel detection system (UTR)
with interface module UTR245 is therefore
provided for switching the leve! crossing
on, and the wheel detection system (ITR)
with interface module ITR245 is provided
for switching the level crossing off.

The interface module UTR245 also pro-
vides the optimal power supply for the
wheel sensor ZK24-2 (48V DC, separate
power for each channel). The power sup-
ply for each sensing system on the sen-
sor is galvanically isolated from the main
channel power (15 V...36 V DC) and has
continuous short-circuit protection.

5 Application

Besides the replacement of the mechani-
cal and magnetic treadles (which was the
main reason for development) mostly used
on relay level crossing systems, the wheel
detection system UTR can be applied in
newer microprocessor level crossing sys-
tems. There is a pulse optocoupler outpul
on each channel that gives a pulse for each
wheel passage over the sensor and micro-
processor system can use these outputs to
count axles, to determine the movement
direction, etc. Even the train movement
direction determination does not need to
be implemented in the software of the sys-
tem because the interface module UTR245
also has direction dependent optocoup-
ler outputs. One direction output ac-
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tivates only for train movement from sys-
tem H to system L of the sensor ZK24-2,
and the other direction output activates
only for train movement from system L to
system H. Using both direction dependent
optocoupler outputs and pulse optocoup-
ler outputs on both channels (totai of four
digital inputs on microprocessor system
per wheel detection point) can make the
software of the level crossing system very
simple and safe (Figure 4).

Level crossing systems have many différent
hardware structures; many systems have
two completely separate hardware chan-
nels including the power supply system
and batteries. On some types of level cros-
sings the two power supply channels are
galvanically isolated. The wheel detection
system UTR has two galvanically isolated
channels, both in the wheel sensor and in
the interface module, so one channel can
be connected to the first power supply of
the level crossing, and the other channel
can be connected to the second pow-
er supply. Examples of this are relay level
crossings on Croatian Railways; they have
two completely separated systems with
separate power supply for each system,
and one magnetic detector is provided on
the switch-on point for each system (two
detectors in total per switch-on point).
Thanks to galvanic separation of channels

rwﬂﬂsrﬁcﬂon SYSTEM
UTRATR FORLC (LEVEL
CROSSING) SWITCH.
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Wheel detection system UTR

Figure 4: Wheel sensor ZK24-2 replaces old magnetic detector (not yet removed on the left)
on relay level crossing

in the wheel detection system UTR, both
magnetic detectors can be replaced with
only one wheel sensor ZK24-2 and inter-
face module UTR245.

There are many other signalling systems
where the wheel detection system UTR
can be applied, in both safety systems and
non-safety systems. A very practica! solu-
tion is to use the wheel detection system

UTR for train announcements at stations.
The train announcement is usually required
to announce the train (by bell and light) to
the station operator when the train is 3 km
away from the station, but only when mov-
ing in the direction of the station, not in
the opposite direction (departing). One di-
rection dependent output on the interface
module UTR245 can be directly used for
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Wheel detection system UTR

| train announcement because the output
. will activate in only one train movement
| direction.

Conclusion

':- For replacing old mechanical or magnetic
' wheel detection devices, the wheel detec-
tion system UTR offers several benefits:

Much more simple maintenance and
much lower failure rate (no mechanical
moving parts and no permanent mag-
netic field)

Much longer life cycle of the output sa-
fety relays (relay activates on the whole
train, not on each axle)

More reliable fail-safe function in case
of becoming detached from the rail
Less equipment on track (one wheel
sensor ZK24-2 replaces two magnetic/
mechanical wheel detectors)

No speed limit to 160 km/h (as with
usage of magnetic detectors) since the
maximum train speed for the sensor
ZK24-2 is 350 km/h

Short-circuit protection, i.e. fail-safe ac-
tion in case of short-circuit of the twist-
ed pair on track; magnetic detectors
with reed-relay contact on track can
switch to a permanent unsafe state in
case of short circuit of the twisted pair.
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By providing a replacement for older devices
together with the possibility of usage in new
microprocessor signalling systems, the wheel
detection system UTR/ITR has a very univer-
sal application in railway signalling.

ZUSAMMENFASSUNG

. Radsensorsystem UTR fiir Bahniibergangssicherungsaniagen

Viele Bahnlbergangssicherungsanlagen (BU), die heute verwendet werden,
nutzen die punktférmige zweikanalige Radsensorik fir die Ein-/Ausschaltung
des Bahniiberganges, (blicherweise mit audiofrequenten Gleisstromkreisen,
Gleisschleifen oder Achszihlabschnitten zur Erkennung der Besetzung des Bahn-
Uberganges durch einen Zug. Daneben gibt es jedoch auch bessere L&sungen
fir die Aktivierung/Deaktivierung des Bahniiberganges, z.B. mit zwei oder drei
Achszahlabschnitten (pro Gleis), die den gesamten Bereich des Bahniberganges
vom Einschaltpunkt auf der einen Seite bis zum Einschaltpunkt auf der anderen
Seite Uberdecken. In Osteuropa, wie auch in Westeuropa, gibt es noch immer
viele dltere Eisenbahnkreuzungssicherungsanlagen. Diese werden noch in den
nachsten 10 bis 20 Jahren, einige noch langer, in Betrieb sein. Viele verschie-
dene Radsensorsysteme werden bei diesen BU verwendet, von mechanischen
Pedalen und Magnetschienenkontakten (MSK) mit Relaisausgangskontakten bis
zu elektronischen induktiven Radsensoren, welche in modernen Achszihlsyste-
men eingesetzt werden. Das System Raddetektion (Schienenkontakt) UTR/ITR,
welches auf dem elektronischen induktiven Radsensor ZK24-2 basiert, ist eine
neue Losung sowohl fir den Ersatz mechanischer Pedale und MSK, als auch fiir
die Implementierung in neue BU-Systeme.

Compet|t|on in Europe’s rail freight market

Wie sieht die Zukunft fiir den Schienengiiterverkehr aus
und was wird sie bringen?

. Diese und viele weitere Fragen stellen sich zurzeit viele Experten. Mit der Marktoffnung im
Januar 2007 steht ein bedeutendes Jahr fiir die Branche bevor. Beziiglich dieses Ereignisses
haben sich Akademiker, Fihrungskréfte der Industrie und Politiker mit den wichtigsten
Fragen zur Zukunft des Glterverkehrsmarktes befasst.

Das englischsprachige Buch ,Competition in Europe’s rail freight market”, herausgegeben
von der CER - Gemeinschaft der Europaischen Bahnen und Infrastrukturgesellschaften,
beschreibt die Méglichkeiten, Herausforderungen und Entwicklungen des europaischen
Schienengiiterverkehrs,

Bestellen Sie heute thr Exemplar, um Antworten auf thre Fragen zur Zukunft des Schienen-
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