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SUMMARY 

With ever demanding metro railway systems, reliability has been the upmost concern. Unlike other critical 
systems, point machines are unable to be installed with a redundancy pair as a quick solution towards high 
reliability. Therefore, the design needs to be improved in its components used to increase the reliability. A case 
study has been conducted and it has been concluded that most of the point machine failures are due to power 
electromechanical relay failures. To overcome this issue, a new Solid State Relay prototype has been developed 
and tested to ensure the new development will offer better reliability to the railway signalling point machine. 

1 INTRODUCTION 

Over the years, metro railway systems has been a crucial player in developments of major cities in Asian 
countries. This is because, developed metropolitans in Asian countries typically has a demand to transport more 
than a million people per day for their desired destination. These demands grows rapidly in which it causes 
congestions in the road transport system. Road systems are complex to manage as it depends on various 
external factors. Therefore metro railway systems are still the best candidate yet most flexible mode of transport 
that can be managed well. However the challenge is always to keep the railway system highly reliable and 
dependable. 

One of the crucial components that determines the reliability of railway system is the Signalling point machine. 
Unlike road systems, trains are directed based on the route settings which are managed by signals and point 
machines. Therefore failure of a point machine on peak hours can be disastrous and thousands of passengers 
can be affected within minutes. Most of the critical systems in the railway such as power feeders and train control 
systems are normally supplied with a redundancy pair to increase its availability. By having redundancy, if one 
subsystem fails the redundant pair shall substitute seamlessly. Unfortunately, this solution is not feasible to be 
implemented on point machines due to safety reasons. Besides, conventional track work has its limitation of 
space and to introduce a secondary point machine and its equipment will not always solve the reliability issue as 
introducing additional equipment / components into the track system may also increase the probability of failure 
rate. As such, the preferred solution will be to have a robust point machine with high reliability and a proven 
control circuit system that are reliable and safe. 

Having reliability as the main concern, heavy duty AC point machines have been preferred in the modern metro 
systems compared to the DC machines, as AC machines offer better switching capabilities and reliability. DC 
motors used in the DC point machine still relies on carbon brushes / commutators which required high 
maintenance frequencies. Besides, DC motors also require permanent magnets in its stator in which the 
performance of the magnets will drop significantly if the machine does not have a proper cooling features. In 
most cases, cooling of a point machine in Asian countries are highly unlikely due to high ambient temperatures 
and IP ratings set for the machine, in which it is expected to handle water poundings and to be dust resistant. 
Therefore, AC point machines which utilizes an AC-Induction type motor is much more reliable as the internal 
constructions are simpler with two layer of coils, one on a stator and another on its rotor.  

Even though AC point machines are reliable, at time it still fails mainly due to control circuit failures 
which is done via electromechanical relays which are normally housed in the Signalling Equipment rooms. Based 
on an actual case study on maintenance data [2], it has been observed that more than 85% of point machine 
failures are caused by electromechanical relays, and often it will be a power relay failure. Some of these faults 
are intermittent as it needs a perfect condition and environment to replicate the fault. Failure of point machines 
under such modes will generally result in a major disruption on busy and congested metro railway systems. 
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2 BACKGROUND 

To overcome the above issue, samples of electromechanical relays have been examine and the root cause of 
the failure has been identified which is due to poor electrical contacts. These poor contacts have resulted from 
oxidized contact surfaces. Another main factor of relay failures are due to deterioration of the electromagnetic 
coils. Oxidation on electrical contacts introduces resistant. Since point machine utilized these contacts for a very 
short interval, at times the resistant can be strong enough to insulate the circuit. On the other hand, deterioration 
of electromagnetic coils can result on weak magnetic attraction which lead towards weak bounding between 
contacts. This can result on flash over / heavy arching when high velocity current passes through the contacts. 
Sometimes, a combination of these little factors will result in a failure which may self-rectify. However, these kind 
of intermittent failures are still significant with integration of a busy metro railway system, whereby it may 
introduce service disruption and operational constraints. 

Point machines are designed with multiple safety protection in its circuit, therefore modification in the circuit 
requires extensive safety study and point to point validation. Thus a proposal on part change is a more preferred 
solution to improve the overall reliability of the system. 

Recently, developments on semiconductor devices have opened up the path for high current capabilities [1]-[3].  
Thus, combination of such semiconductor devices can be formed together to perform the exact function of an 
electromechanical relay without any modification on proprietary point circuit designs.  With this concept, a 
prototype relay has been built with combination of devices to produce a solid state relay. Since the point machine 
systems uses a unique relay base, and with no intention of modifying any external components of the system, 
this prototype has been developed by utilizing the original base with the internal mechanism been fully modified 
with N-Channel MOSFET SSR for the normally open contact and P-Chanel MOSFET SSR for the Normally 
closed contact. Upon development, the prototype relay was tested intensively and compared with original 
reference model of the electromechanical relay to prove the reliability improvement. The proposed prototype has 
been proven to be more reliable than the original electromechanical relay.  

Figure 1. The MJ81 3phase AC Point Machine [7] 

3 PROBLEM STATEMENT 

In order to have a reliable railway system, most metro railway systems today have been designed and developed 
depending on highly advance and reliable industrial computer systems which might not be cost effective, 
however it is the best solution currently. To make these computer systems even more robust, commonly a 
backup / redundant system is being setup in each and every subsystem in which combination of this sub-
systems provides a reliability rate of more than 90%. 
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Unfortunately, not all the service impacting systems can be implemented with a redundant pair as for some 
systems, introducing redundant pair can be vulnerable to the actual safety of the system. A good example of this 
situation would be the point machines. Failure of point machines can easily provide service disruptions, yet it is 
still not possible to have a redundancy due to safety reasons. Since redundancy is not an option, the design of 
the point machine itself has been improved with more robust circuits, components and materials used, however 
at times, the controlling circuit which works on mechanical relays tends to fail.  

Figure 2: Example of burnt contact on FS89 Power relay [8] 

Figure 3: Example of oxidant contact on FS89 relay [8] 

4 DESIGN METHODOLOGY 

A case study on point machines has been performed across the railway networks in Singapore, with the findings 
that most of the failures are intermittent failures related to power / detection relays inside the Signalling 
Equipment Room rather than a trackside failure relating on mechanical /electrical assemblies. During fault finding 
periods, most of these intermittent failures will end up in ‘no fault found’ classifications as the faults need a very 
precise environment and situation to be replicated. For example, an intermittently failed relay when retested on 
jigs or other point machines can perform without any sign of failure for next 1000 cycles.  

Therefore, this paper intends to focus on reliability improvement on the relay without any modification on the 
actual design, circuit and functionality of the point machine and its system. Previously when engineers designed 
automated switching systems for heavy duty point machines, reliable semiconductor / solid states devices were 
still young in development an unable to handle high current circuits, therefore a relay was still the best option for 
high power switching. Today, relays still remain reliable in most of the countries, however in countries like 
Singapore due to the high humidity, relays appear to lose its reliability with internal oxidation on the contacts and 
deterioration in coil / mechanical spring force resulting in sticky contact for a split second causing an intermittent 
failure.  

Recently, development on semiconductor devices such as power MOSFET enables high current capabilities. As 
such, a point power relay has been studied to convert its function from electromechanical switching to electronic 
switching. Since point machines circuits utilizes front and back contacts (normally open & normally closed), it was 
difficult to customized all the contact in the power relay using MOSFET especially on the back contacts whereby 
P type MOSFET was needed [4]-[5]. 
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Unlike the conventional contact switching method, semiconductor devices performs switching internally without 
any moving components. Depending on the semiconductor material type used, a depletion region between the N 
channel and P channels will be inserted. This depletion region will be responsible to act as and open contact. 
When voltage is supplied across the N channel, electrons in the N channel region will be energized and it will try 
to move towards the P channel. At the point whereby the depletion region reaches its threshold limit, electrons 
will start to flow and contact will be made (closed) [9]. 

Figure 4: MOSFET semiconductor arrangement [9] 

To match the FS89 power relay, 4 normally open contacts and 2 normally closed contacts will be required. The 
idea is to use a MOSFET to form a single throw contact. However the design utilized many other electronics 
component such as blocking diodes, resistors and voltage regulators. This was not preferred as the objective of 
making the relay more reliable deteriorates as the introduction too many electronic components might increase 
the risk of failure rate. 

Further research pointed out the application of Solid State Relays (SSR). SSR utilizes power MOSFET internally 
however the activation is done through Light Emitting Diode (LED) penetration instead of electron controls over 
semiconductor devices. This produces a highly reliable SSR with high current capabilities. This is a better 
solution to form single throw contacts as usage of other electronics components can be avoided. There are many 
types of SSR available in the market. However to focus on the point machine relay, Single Point Single Throw 
(SPST) SSR has been selected to execute the function of front and back contacts in the power relay.  

Figure 5: Prototype of SSR Power Relay 
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5 RESULTS 

Upon assembly, the SSR integrated power relay was put on test for more than 10,000 cycles over 7 days without 
load, with no sign of failure. The relay was further tested with load for more than 30,000 cycles and there were 
still there is no failures. At the same time, an Electromechanical relay (EMR) was tested and the EMR failed 
intermittently at 14,953 cycles with a sticky contact. Upon normalisation, the relay then continued to function 
normally for the next 5,000 cycles with no failures. 

Figure 6: SSR vs EMR graph 

Figure 5 above was obtained based on actual test of Electromechanical relay (EMR) vs Solid State Relay. As 
observed the SSR has a better switching time compared to EMR. Also, when tested with high voltage and a 
current of 5 amps, the EMR does produce arching during contact close and contact release. This may deteriorate 
the contacts over the time which will reduce the reliability of the relay. Besides, like what has been experience, 
constant arching may form carbon on contacts which over the time may cause a flash over between contacts and 
trip the entire system. 

6 CONCLUSION 

The aim of this paper is to fix the intermittent relay failure issue. As a solution, instead of using conventional 
industrial electromechanical relays as electrical contacts, semiconductor devices have been studied and 
examined to be applied a single form contact to mirror the exact application of FS89 relay. Initially, a MOSFET 
has been chosen to perform the contact however further studies revealed Solid State Relay (SSR), is available in 
the market as a single throw contact, therefore SSRs have been tested, and constructed to fit the application of 
FS89 relay. Upon development, a complete SSR base power relay was achieved. To ensure this new 
development performs its job, a bench stretch test and on site tests have been conducted. Based on the stretch 
test, it has been proven that the SSR’s are more reliable compared to the EMR’s which intermittently fail. Also it 
has been observed the EMR tend to produce arching on contacts when it was tested with a load current of 5 
amps, which is below its specification of 10 amps. By using SSR’s, the switching capabilities have also improved 
with quicker response times, which will ensure the power relay contacts are closed earlier before the high current 
pass through the contact, thus increasing the reliability of the system. 
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SUMMARY 

JR East is developing a new ground coil that can handle future speed increases in the Shinkansen trains.  In 
order to cope with speed increases, it is necessary to expand the response distance of ground coils.  In addition, 
in winter, ground coils may be damaged by snow blocks falling from running Shinkansen trains, we are 
concerned that damage to ground coils may increase with faster-running Shinkansen trains.  Therefore, in this 
research, we investigated measures to expand the response distance of ground coils and measures by which we 
can avoid snow-damage.  As a result of this research, it was proved that an external power supply is effective for 
expanding response distance, and that changing the position of ground coils is effective as a countermeasure 
against snow-damage. 

1 INTRODUCTION 

In Japan, Shinkansen has been operated by Automatic Train Control (ATC) since the start of business in 1964, 
and has operated without a single passenger fatality in that time.  The DS-ATC (Digital communication & control 
for Shinkansen - ATC) currently in use at JR East instructs the stopping point to the train from the ground facility, 
and the trains control their speed with the optimum brake pattern to enable the train to stop at the instructed point.  
For this reason, trains can run with an understanding of their own position.  Although the position of a train is 
calculated by integrating pulse signals of the speed generator, errors due to wheel slip/slide or errors at low 
speed can occur, and therefore ground coils are installed to correct such errors. 

Currently, we are engaged in research and development aiming at further speed increases of the Shinkansen; 
however current ground coils are only able to respond up to 350km/h. Therefore, for future Shinkansen speed 
increases, new ground coils corresponding to higher speeds are required.  Also, in winter, there is a problem that 
ground coils are broken due to snow falling from the Shinkansen traveling at high speed on the Tohoku 
Shinkansen (see Fig.1) when running in heavy snow areas, and it is expected that the breakage of ground coils 
will increase along with further speed increases, so it is required that ground coils are more resistant to snow-
damage. 

Figure 1: Shinkansen in Winter 

2 CURRENT GROUND COILS  

Fig. 2 shows an outline drawing of a current ground coil, and Table 1 shows its major specifications.  Current 
ground coils can handle speeds of up to 350 km/h, and they are designed to constantly transmit four or more 
messages to on-board antennas in a single transmission. 
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Table 1: Specifications for Transmission

Figure 2: Current Ground Coils (External Diagram)

2.1 Ground Coil Installation Position 

Fig. 3 shows the installation position of current ground coils.  The distance from top surface of rail to on-board 
antenna is 225 mm, and the top surface of the ground coil is within a range of 0 mm to 10 mm from the top 
surface of the rail.  For that reason, the maximum distance from ground coil to on-board antenna is 235 mm. 

Figure 3: Installation Position of Current Ground Coils 

2.2 Ground Coil Response Distance 

Ground coils are supplied with electric power by continuous electromagnetic waves from on-board antennas, and 
messages are sent from the ground coil to the train when internal voltage exceeds a certain level.  This range, 
from start to completion of transmission, in which communication is possible is called “response distance”, a 
conceptual diagram shown in Fig. 4. 

Figure 4: Response Distance 

Ground coil response distance required according to train speed (V mm/s) is calculated by Formula (1) below. 

Response distance = V × (time required for transmission of five messages) + 30 mm ··· Formula (1) 

The following items are considered for formula (1). 

• At least four messages are required in the specifications, but five messages is set here to give leeway 
of one message. 

• 30 mm was determined taking into account the distance travelled before ground coil internal voltage 
stabilizes. 
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Ground coil →
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Ground coil (power)
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Modulation

(transmission

speed)

Frequency
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Transmission order
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• Fig. 5 shows the breakdown time required for message transmission. 

((1) Start up time, (2) Message transmission time (approx. 1.4 ms) × 5 messages, (3) Time between messages 

× 4) 

Figure 5: Breakdown of Time Required for Message Transmission 

Table 2 shows values of response distance calculated by Formula (1).  The target speed for speed increase is 
set at 400 km/h to give a certain amount of leeway (current maximum speed is 320 km/h).  In order to handle 
speed increases to 400 km/h, a calculated response distance of 962 mm is needed, and we found that response 
distance will need to be increased by about 14% (114 mm) over that of the current specifications designed for 
350 km/h. 

Table 2: Response Distance for Ground Coils (Calculated) 

Speed Response distance (calculated)

350 km/h (current specifications) 848 mm

400 km/h (handling speed increases) 962 mm

In order to identify actual values of current ground coils, we measured response distance and found the 
measured value of response distance to be 855 mm.  Comparing that with the calculated response distance 
designed for speeds of 350 km/h in Table 2, we found that current specifications were met but response distance 
is insufficient to handle increases in speed to 400 km/h (962 mm required). 

3 STUDY ON COUNTERMEASURES AGAINST SNOW-DAMAGE 

When trains operate in winter, snow will adhere to bogies, etc., and blocks of snow accumulated may fall off 
while in operation.  There have been many cases of snow falling from Shinkansen trains while running at high 
speed, damaging or scattering equipment. 

Fig. 6 shows an example of a ground coil damaged by a falling block of snow.  In this example, only part of the 
ground coil is damaged, but the entire ground coil as well as its fasteners may be damaged in some cases. 

Figure 6: Ground Coil Damaged by a Falling Block of Snow 

3.1 Current Countermeasures 

Fig. 7 (A) shows current countermeasures against snow-damage on slab tracks.  Assuming that a block of snow 
may strike in the direction a train travels, a triangular protective device to reduce the impact of blocks of snow 
striking the ground coil is attached on the side of the ground coil that may be struck. 
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Fig. 7 (B) shows current countermeasures against snow-damage on ballasted tracks.  As with slab tracks, it is 
assumed that a block of snow may strike in the direction a train travels.  A rubber block is attached to the front of 
the ground coil to protect against the impact of blocks of snow striking the ground coil. 

(A): Slab Track (B): Ballasted Track 

Figure 7: Countermeasures Against Snow-Damage 

3.2 Enhancing Countermeasures with Speed Increases 

Current countermeasures against snow-damage demonstrate a certain level of effectiveness.  However, falling 
blocks of snow at high-speed travel have the power to damage protective devices and blocks, so damage to 
ground coils cannot be completely avoided.  As kinetic energy is proportional to the speed squared, there is a 
fear of damage increasing with increases in the Shinkansen speed. 

Therefore, as countermeasures against snow-damage, we examined two types of methods.  The first method is 
to prevent collisions with falling snow as much as possible.  The second method is to improve the strength of the 
ground coil itself. 

Fig. 8 shows a conceptual diagram of the new countermeasures against snow-damage.  To prevent ground coils 
from being struck by blocks of snow, the position where they are installed is lowered, reducing the probability of 
being struck. 

The method of improving the strength of the ground coil itself must not hinder the operation of the ground coil.  
Therefore, it was decided to apply a protective paint which does not affect the electrical function. 

Figure 8: Image of New Countermeasures Against Snow-Damage 

4 INVESTIGATION OF INFLUENCE OF LOWERING INSTALLATION POSITION 

Most tracks in Tohoku Shinkansen are slab tracks, and wireless transmission between ground coils and on-board 
antennas may be adversely affected by rebar in the slabs if the position of ground coils is lowered.  We therefore 
investigated the effect of slabs. 

4.1 Method of Testing Slabs 

Slab tests were conducted on four types of slab (AF-57, A-51C, A-55M, AF-55C) at different locations, measured 
using the two methods described below.  Measurements were made at the six locations shown in Fig. 9, with 
measurements made at slab protrusions and at the centre of holes on frame-shaped slabs in addition to the 
slabs themselves. 

The experimental conditions are described below. 

(1) Position of on-board antenna fixed and measured bringing ground coil closer to slab. 
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(2) Measured bringing ground coil and on-board antenna closer to slab, with interval between on-board antenna 
and ground coil fixed at 235 mm. 

Figure 9: Measurement Locations 

4.2 Results of Slab Tests 

The results of measurements on a typical type of slab (A-55M) are shown in Fig. 10.  Fig. 10 shows a graph of 
induced voltage at protrusions of the slab and at the centre of the slab when the position of the on-board antenna 
is fixed and the ground coil is brought closer to the slab.  The induced voltage decreases as the distance 
between ground coil and on-board antenna increases, and voltage is lower at the centre of the slab than at 
protrusions of the slab. 

Figure 10: Induced Voltage when Position of On-board Antenna is Fixed 

Fig. 11 shows a graph of the induced voltage at the protrusions of the A-55M slab and at its centre when the 
interval between the on-board antenna and the ground coil fixed at 235 mm and the ground coil is brought closer 
to the slab.  Results were expected to show constant values if there was no effect from the surroundings 
because the interval is constant.  But induced voltage dropped markedly when the ground coil was brought 
closer to the slab, particularly at the centre of the slab.  From this result, we can suppose that transmission is 
affected by slabs, particularly at the centre of the slab.  Note that similar trends were seen regardless of the type 
of slab. 

Figure 11: Induced Voltage when Interval is Fixed 
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The thickness of the concrete covering differs by the type of slab, and Fig. 12 shows a graph of test results with 
distance between rebar and ground coil as the horizontal axis.  At the centre of the slab, induced voltage rapidly 
drops as the distance between rebar and ground coil becomes smaller.  The same induced voltage as when the 
ground coil is attached at protrusions of the slab is seen when the distance is 260 mm or greater, thus we 
discovered that there is almost no leeway at the centre of the slab to lower the attachment position.  On the other 
hand, no drop of induced voltage was seen at protrusions of the slab until the gap between rebar and ground coil 
is about 175 mm. From this result we discovered that there is leeway to lower the attachment position. 

However, when lowering the installation position of the ground coil, the distance between the on-board antenna 
and ground coil is increased.  Since, the range in which the necessary induced voltage occurs narrowed, the 
response distance becomes shorter.  Therefore, measuring the response distance with the distance between the 

on-board antenna and the ground coil at 300 mm was about 23% (855 mm⇒659 mm) shorter.  For that reason, 

it is necessary to take other measures in order to lengthen the response distance when lowering the position of 
installation. 

Figure 12: Relation between Rebar – Ground Coil Distance and Induced Voltage 

5 IMPACT TEST 

In improving impact resistance of the ground coil, it is assumed that damage from blocks of snow can be avoided.  
Therefore, we have fabricated ground coils with impact-resistant coating on the ground coils (hereafter referred 
to as “snow-damage countermeasure ground coil”), and compared strength with the present ground coils. LINE-X 
XS-350 (average coating film 2 mm) was used as a coating for the ground coils. 

5.1 Test Method and Test Body 

Using the test apparatus shown in Fig. 13 (A), impact performance was tested by dropping an iron ball (about 
5kg) against the side of the ground coil. 

The cross section view of test body is shown in Fig.13 (B).  The current ground coil shown on the right side of Fig. 
13 (B) and snow-damage countermeasure ground coil applied with LINE-X shown on the left side of Fig. 13 (B) 
were used in the test.  

(A): Test apparatus         (B): The cross section view of test body 

Iron ball

LINE-X coating 

Current ground coil 
Snow-damage 
countermeasure ground coil 

PVC pipe 
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Figure 13: Test Apparatus and Test Body 

5.2 Result of Impact Test 

The current ground coil cracked when an iron ball was dropped from a height of 0.6 m (see Fig.14 (A)).  On the 
other hand, snow-damage countermeasure ground coil did not crack until the iron ball dropped from a height of 
2.0 m (see Fig.14 (B)).  As a result, by applying LINE-X, the resistance of the ground coil is three times stronger 
than the current one.  In addition, the electrical performance test of the snow-damage countermeasure ground 
coil was conducted, and it was confirmed that the electrical performance was not affected by the LINE-X 
application. 

(A): current ground coil                                  (B): snow-damage countermeasure ground coil 

Figure 14: Result of Impact Test 

6 STUDY OF METHODS TO COPE WITH SPEED INCREASES 

Since the current ground coil only corresponds up to a speed of 350 km/h, it is necessary to increase the 
response distance to cope with the higher speeds.  Also, when lowering the installation position as a measure 
against snow-damage, it is necessary to increase the response distance.  The method can be divided into one 
that follows current communication specifications or one with new specifications. 

6.1 Result of Study of Methods to Handle Speed Increases  

Table 3 shows the results of the study regarding ways to cope with the increased speed.  We may be able to 
increase response distance by making ground coils and on-board antennas larger, but we would have to 
consider how and where to install them if we do.  The response distance required can be made smaller by 
changing the transmission system or message content to change the constants in Formula (1), but modification 
of on-board devices would need to be considered.  It is extremely difficult to modify on-board devices in terms of 
constraints in time and budget.  For this reason, we decided to maintain compatibility with the current system and 
not to modify the on-board equipment at this time. 

Table 3: Study on Coping with Speed Increases 

Item Scope of modification Details

Larger ground coil Ground coil Change ground coil size to increase response distance

Larger onboard antenna Ground coil Change onboard antenna size to increase response distance

Change to transmission

system/speed

Ground coil

/ Onboard antenna

Change current FSK modulation and 64 kbps speed, and increase

transmission speed (No change to message format)

Change to transmission

system/speed

Ground coil

 / Onboard antenna

 / Onboard database

Review message format, and make massage shorter (Send minimum

necessary data from ground coil, and build database of mileage, etc.

onboard)

6.2 Study Based on Current Specifications 

Ordinarily, ground coils operate by induced electromotive force generated by receiving power supply by 
continuous waves from the on-board antennas.   Increasing the size of the ground coil enlarges the range that 
can receive waves.  Then, the response distance proportionally increases.  However, considering construction 
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and maintenance, there is a need to reduce the size as much as possible. Therefore, we examined a method to 
suppress the size based on the current specification. 

The ground coil receives continuous waves from the on-board antenna, and voltage is generated internally by 
electromagnetic induction.  Since it operates when it’s internal voltage reaches 2.5 V, there is a time lag before 
the operation starts.  Therefore, as a result of measuring the response distance by supplying electric power from 

outside, it increased about 19% (855 mm → 1017 mm) (see Fig.15).  For this reason, we fabricated a prototype 

ground coils that operate with electric power from the battery built in ground coils. 

Figure 15: Response Distance with External Power Supply 

6.3 Prototype Ground Coil 

We fabricated a prototype ground coil that works with electric power from a built-in battery and increases the size 
of the ground coil by about 22% (see Fig. 16).  Measurement of the response distance (Table 4) showed that 
with a power supply at 300 mm, coils are adaptable to speeds of 400 km/h (response distance: 962 mm or over). 

In addition, we selected a lithium primary battery with a lifetime of 10 years or more in consideration of 
maintenance. 

Figure 16: Prototype ground coil 

Table 4: Response Distance of Prototype 

Battery power supply

Yes

Battery power supply

No

235 － 855

300 － 659

235 1079 1061

300 964 923

Coil Size

[mm]

Distance

[mm]

Response distance [mm]

640

780

7 CONCLUSION AND UPCOMING SCHEDULE 

In this research, we studied how to cope with speed increases for the new Shinkansen position correcting ground 
coils as well as countermeasures against snow-damage.   

As a result of this study, it was shown that by supplying electric power from the outside, we can cope with both 
the increased speed and also snow-damage countermeasures while suppressing the size of ground coils.   

Based on these investigations and survey results, we plan to develop practical ground coils for the new 
Shinkansen position correcting ground coil within the current fiscal year (2017).  In addition, field tests will be 
carried out from the next fiscal year (2018) with the intention to develop a product for practical use. 
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SHIFTING SPECTRUM – REVOLUTIONISING COST           
THE NEW FIBRE-OPTIC BASED AXLE COUNTER 

Joachim Janle, Director Product Business, THALES Deutschland. 

SUMMARY 

In the past decades, Axle Counter Systems have become the preferred means of train detection in Railway 
Signalling systems. The Fail Safety combined with increased reliability, availability and functionality has boosted 
the introduction of Axle Counters all over the world in Main Line Railways as well as in Urban Rail and Metro 
applications. 

Even though the above advantages of Axle Counters compared with other means of train detection (e.g. Track 
Circuits) are obvious, there is still a fundamental similarity to all train detection systems with the use of electric 
and electronic circuits in the field connected by classical copper cable wires. 

This paper gives a brief insight into the latest innovation in the field of electronic and copper free sensing 
systems for fail safe train detection systems.   

1 INTRODUCTION 

Jointly with our technology partner fos4X (Munich, Germany), Thales is developing an innovative Axle Counter 
System, based on a technology which provides advantages in terms of application, maintenance and overall life 
cycle cost compared to today’s Axle Counter Systems in use. 

The new Axle Counter System is based on Fibre Bragg Grating (FBG) technology, which uses a fibre optic 
sensor to detect deformation of the rail caused by the weight of the passing train. 

The technology is successfully used in the wind turbine industry, where FBG sensors are being used for rotor 
blade condition monitoring, blade ice detection and load measurement for active load adjustment and reduction. 

2 THE TECHNOLOGY 

2.1 Principles of Fibre Bragg Grating 

A FBG is a type of distributed reflector introduced in a very short segment of an optical Fibre. The FBG operates 
like an optical filter, i.e. it reflects certain wavelengths of light while it transmits others. This is achieved by 
creating a periodic variation in the refractive index is created of the fibre core, which generates a wavelength-
specific dielectric mirror. 

A FBG can therefore be used as an inline optical filter operating as a wavelength-specific reflector (see Figure 1). 
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Figure 1: Principles of Fibre Bragg Grating 

2.2 Detecting a Mechanical Strain 

Mechanical influences to the FBG section of a fibre (i.e. extending or bending) result in a shift in wavelength of 
the reflected light. 

Certain FBG sections of a fibre are sensitive enough to react on shear strains inside a rail web resulting from a 
passing wheel (see Figure 2). 

Figure 2: Detecting Shear Strains in the Rail Web 

Powerful Opto-electrical Chips (refer to Figure 3) translate the reflected wavelength and the shift in wavelength 
into an electrical signal for evaluation. 
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Figure 3: Opto-Electrical Chips 

3 THE INNOVATIVE PRODUCT 

The challenge of this innovative development was to bring together the proven optical concepts of a FBG 
technology with the reliability and fail safe concepts of a railway signalling application. 

Decades of Thales experience in sensor design have merged into the design principles that have successfully 
been implemented in the current sensor solution: 

• Two fibre optic Counting Sensors have been combined to form one fibre optic Rail Contact. 

• The doubling of the sensors allows for the following key technical aspects: 

o Direction of a passing wheel to determine accurate counting direction for section free 
and occupied information 

o Compensation of Temperature effects to the individual sensors 

o Compensation of torsional affects inside the Rail 

3.1 Principle Sensor Architecture 

Each Sensor has the fibre optic wire containing the FBG strapped between two fixtures attached to the rail (see 
Figure 4). Any movement inside the rail affects the FBGs and hence a change in wavelength of the reflected 
light. 

Figure 4: Mechanical Sensor Application 
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3.2 Light Signal Analysis 

The differential between the two sensors inside the fibre optic Rail Contact gives a clear and specific wavelength 
signal (see Figure 5), which in form and amplitude is very similar to the signals known from conventional 
electromagnetic Rail sensors. 

The individual flanks of the signal give an indication on the direction of the influencing mass (wheel travel 
direction). 

Figure 5: Sensor Wavelength Shift 

4 THE EXPERIENCE 

With the results of more than 2 million wheels counted so far within the different application scenarios, the 
system does not only meet  SIL4 safety requirements, it is also capable of exceeding the current availability 
levels of classical rail sensors. 

4.1 Proof of Concept and Trial Sites 

Even though the principle concept for railways was defined much earlier, it was in early 2015 when the first 
sensors were being mounted and closely monitored on a stretch of line of the German Railway main line 
network. 

Since then different sites have been set up to investigate the different application scenarios to determine the 
principle design of a generic fibre optic Sensor solution: 

• Switzerland, Hardbridge – Trial start: 12/2015, Application: Heavy vibrations of substructure 

• Luxembourg, Wecker – Trial start 01/2016, Application: Train Diversity and EMI testing 

• Switzerland, Loewenstrasse - Trial start 02/2016: Application: Slab Track 

• Germany, Illingen – Trial start: 02/2016, Application: High Speed Line and mixed traffic 

• Germany, Stuttgart – Trial Start: 08/2016, Application: Tram on small rails 



Shifting Spectrum – Revolutionising Cost 
The new Fibre-Optic based Axle Counter 
August 2017 Page 5 of 6 

4.2 Trial Setup 

When setting up a typical test site application, special care has been taken to not only store the raw light signal, 
but also to register all accompanying or influencing factors at the installation site: 

• Two double Fibre optic sensors to assure integrity of the received signals 

• Standard electro-magnetic Rail Contact to work as a reference system for received influences and 
axle counts 

• A High resolution camera and microphone to continuously record the passing rolling stock and any 
other mechanically influencing factors 

• A powerful local harddisk to store all data continuously in real time for later analysis 

• A wireless UMTS data link for remote access and for uploading all the test data 

Figure 6 shows a typical setup of a trial site on the German Railway network. 

Figure 6: Trial Setup  

5 INTERFACES AND COMPATIBILITY 

While the use of Sensors with FBG detection opens a whole new world of revolutionary application possibilities, 
Thales have been designing the system concept in a conservative manner, allowing full integration and 
upgradeability of existing infrastructure. 

While Interfaces to external signalling systems, either analogue (relay contacts) or digital (Ethernet based serial 
interfaces), remain unchanged, the limits between outdoor and indoor equipment definitions disappear. 

The new system concept is designed in a way to allow for the upgrade of existing outdoor installations of an Axle 
Counter System. The Axle Counter Detection Point, consisting today of an electro-magnetic Rail Contact and an 
Electronic Unit inside a lineside Connection Box (the famous “Yellow Mushroom”) will in future be of a modular 
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design. No matter which Rail Contact type is being used (electro-magnetic or optical), the Electronic Unit is able 
to handle any signal input without the need to touch the existing cable infrastructure or the data transmission 
technology (ISDN or DSL) between the Yellow Mushroom and the Indoor Evaluator. 

Figure 7 gives an overview of the above modular application and the possible connectivity combinations with the 
associated cable infrastructure between the Rail Contact and the Indoor Axle Counter Evaluator. 

Fibre optic Rail Contacts may be connected to existing Axle Counter Lineside Electronic Units or may be 
connected to indoor or outdoor Evaluators directly with distances longer than 10km. 

Figure 7: Multiple Section Axle Counter AzLM: Future System Schematic 

6 CONCLUSION 

This new train detection technology will eliminate the issues of electro-magnetic compatibility between rolling 
stock and train detection systems. The solution is completely free of electro-magnetic Interference, as it works 
optronically by measuring mechanical influences generated by rolling stock. 

The full optical fibre based network provides significant savings in cable infrastructure cost. 
Simplification of track earthing and bonding combined with the concept related resilience against overvoltage or 
lightning effects is another mayor advantage of this new technology innovation. 

Other positive side effects are the drastically reduced motivation for cable theft (as the communication cable 
does not have any copper content) and the full compatibility to track works like tamping or rail grinding (due to 
the slim line design of the fibre optic Rail Contacts). 
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