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Overhead contact line equipment is important equipment that 
supplies power to trains.  In order thus to maintain the soundness 
of the equipment, we inspect wearing depth of contact wires  
and positions (height and deviation) of overhead contact lines a 
few times a year using inspection cars.  Some equipment, however, 
cannot be measured by inspection cars, so that is measured or 
just visually checked and manually measured only about once 
a year.

One way to acquire accurate information of the condition 
of such equipment is by shortening the inspection period, but 
that would be quite difficult to implement due to a considerable 
increase in the amount of work.  Furthermore, some items such 
as temperature of compression joints of feeders and displacement  
of springs of STBs constantly vary according to load current and 
weather. Depending on the timing of the inspection, we may not 
be able to check the items at their poorest condition.  We thus 
developed an overhead contact line equipment monitoring system 
where equipment measurement devices attached to overhead 
contact lines periodically measure temperature and displacement 
and transmit that measurement data to trains running there 
in commercial operation.  In this way, the monitoring system 
enables highly frequent inspection.

In this article, we will give an overview of the system and 
report on some of the field test results.

Overview of Overhead Contact Line 
Equipment Monitoring System2

The overhead contact line equipment monitoring system  
consists of equipment measurement devices that are attached 
to wayside equipment to periodically measure and record 
temperature and displacement and a reader installed on a train 
that reads the data from the equipment measurement devices.  
Fig. 1 shows the configuration of the system.

Introduction1

For the system to be of practical use, the equipment 
measurement devices must be maintenance-free and low-cost 
as they are attached to a large number of wayside equipment.  
Other major issues were longer life for the built-in power source 
of the device and smaller power consumption to allow smaller 
power source capacity.

Fig. 2 is a block diagram of this system.  The system consists of 
RFICs that communicate with the reader, an MPU that controls 
the total system, sensors that measure equipment data, and a 
built-in power source that drives the system.  For the wireless 
communication component, this system is compliant with 
ZigBee (2.4 GHz).  ZigBee is a wireless communication standard 
for sensor networks conforming to IEEE 802.15.4 that focuses 
on reduced power consumption and cost reduction.1)  For power 
supply, the system uses solar panels and electric double layer 
capacitors.  Low-price and high-performance solar panels have 
recently become available.  And electric double layer capacitors 
have longer life than ordinary secondary batteries, eliminating 
the need for battery replacement.
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Soundness of overhead contact line equipment is maintained by inspection such as visual checking and manual measurement and 
by inspection using inspection cars (measurement of wear, height and other items for contact wires).  Inspections using inspection 
cars are carried out a few times a year, but some equipment that cannot be checked by inspection cars is checked only about once 
a year.  Such equipment includes compression joints of feeders and spring type tension balancers (STB).  We thus developed 
a system that can use trains in commercial operation and sensor-integrated radio-frequency identification (RFID) tags (equipment 
measurement device) to periodically measure temperature of compression joints of feeders and displacement of STB springs.  Field 
tests were performed for that system, proving that the equipment measurement device successfully worked and exchanged data 
with a train running at 110 km/h.
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Fig. 1  Overview of Overhead Contact Line
Equipment Monitoring System

Fig. 2  Block Diagram of Equipment Measurement Device
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feeders are connected using compression sleeves, which are 
metal compression joint tubes.  In cases such as when there is 
insufficient compression or corrosion at this joint, resistance 
increases and that produces heat, resulting in fusing of the line 
in a worst-case scenario.  To detect such heat, we presently carry  
out in inspections by thermographic temperature measurement 
and check for color change of thermo paint or deformation of 
shape-memory alloy at a set temperature.

As the temperature of the compression joints depends on 
current flow, it is difficult to detect heat at low current.  We 
thus developed an equipment measurement device for the 
compression joints of feeders that can make early heat detection 
by periodically measuring temperature.

4.2 Equipment Measurement Device for STB
Overhead contact lines including contact wires expand and 
contract due to temperature change and aging, causing tension 
change.  Tension change consequently changes the static height 
of contact wires, and contact to pantographs therefore becomes 
unstable.  An STB is a device that keeps tension of an overhead 
contact line constant using a spring to prevent such unstable 
contact with pantographs, but the functioning range of the 
spring inside the STB is limited.  We currently visually check 
displacement of the spring to check whether the STB works 
correctly.

As with the compression joints of feeders, spring displacement 
constantly changes according to temperature of the wire.  We 
thus developed an equipment measurement device for spring 
displacement as shown in Fig. 5.  Here, a permanent magnet 

Communications Sequence3
An equipment measurement device uses the largest amount 
of power when operating its transmitter/receiver.  Reducing 
communications time thus can lead to power saving, bringing 
about the further benefit of a more compact, lower-cost 
and longer-life power source.  Examination of different 
communications sequences revealed that a method where 
intermittent activation and suspension are repeated was most 
effective in reducing power consumption while securing stable 
communications.  We therefore adopted this intermittent 
working method.  Fig. 3 shows the communications sequence of 
the developed equipment measurement device.

With this sequence, the equipment measurement device 
intermittently sends an activation signal to the reader.  When 
an onboard reader nears the equipment measurement device, the 
reader receives the signal and sends back an acknowledgement to 
the device.  At receiving that acknowledgement, the device sends 
out its ID and recorded data to the reader.

Data collection by a train in operation requires 
communications to be completed in a short time while the 
train passes the equipment measurement device at commercial 
operation speed.  Measurement was made of the radio field 
intensity between an equipment measurement device installed 
under elevated tracks where transmission conditions were severe 
and a MUE-Train (MUltipurpose Experimental Train) test train 
running on that elevated section.  Those measurement results 
revealed that data can be transmitted from a point approx. 
150 m away.  As the maximum speed of JR East conventional 
lines is 130 km/h (approx. 36.1 m/s), all the data can be 
transmitted within this 150 m communications distance limit when 
communications is completed within four seconds.  Hence, we 
set the interval for intermittent working to be four seconds.

Equipment to be Inspected and 
Equipment Measurement Device4

4.1 Equipment Measurement Device for Compression 
Joints of Feeders

Contact wires feed electric rolling stock with electricity via 
pantographs.  The distribution lines that feed electricity from 
substations to contact wires are feeders.  As shown in Fig. 4, 

Fig. 3  Communications Sequence of the Developed Device

Fig. 5  Overview of STB and Developed Device
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attached to the STB’s indicator generates a magnetic field and 
a Hall effect switch attached to the gauge detects that magnetic 
field.  In this way, the equipment measurement device measures 
the spring displacement.

4.3 Overview of the Equipment Measurement Device
Fig. 6 shows the equipment measurement device for compression 
joints of feeders.  The device consists of a temperature sensor and 
an RFID tag.  The tag, embedded in urethane resin for weather 
resistance, incorporates an RFIC, an MPU, an antenna, an 
electric double layer capacitor, and a solar panel.

Fig. 7 shows the equipment measurement device for STBs.  
A Hall effect switch is attached inside the STB gauge and 
embedded in urethane resin.  The RFID tag part is, as with 
the equipment measurement device for compression joints of 
feeders, completely embedded in urethane resin.

Operation Verification Tests in the 
Field5

5.1 Results of the Field Test (First-stage Prototypes)
From December 2009 to October 2010, we carried out field 
tests of the equipment measurement device for compression 
joints of feeders between Suzumenomiya and Utsunomiya on the 
Tohoku Line.  We also carried out field tests of the equipment 
measurement device for STBs from August to September 2010 
between Nogi and Mamada on the Tohoku Line.

Fig. 8 shows the measurement results of the equipment 
measurement device for compression joints of feeders alongside 
the temperature change announced by the Utsunomiya 
local meteorological observatory.  It demonstrates that the 
measurement data changed as the temperature changed.  Data 
where measurement values were higher than the observatory’s 
temperature data is thought to be mainly due to sunshine.  In the 

nighttime without sunshine, the measurement data agreed well 
with the air temperature data, suggesting that the device could 
accurately measure the temperature of the compression joint of 
the feeder.

Fig. 9 shows the measurement results of the equipment 
measurement device for STBs.  The measurement results showed 
a shape like that of a square wave even though actual tension of 
the overhead contact lines changes smoothly.  This is because the 
resolution of the Hall effect switch array was approx. 15 mm and 
the device was set up to capture temperature change in three-
hours intervals.  Despite the shape, the results show that the 
spring of the STB was displaced according to the expansion and 
contraction of the overhead contact line caused by factors such 
as temperature change.

Along with those field tests, we also carried out communications 
tests using a MUE-Train.  The test results confirmed that data 
can be transmitted between the equipment measurement devices 
and a train running at 110 km/h.

The results of those tests proved that the equipment 
measurement devices could make periodic measurement of 
temperature of compression joints of feeders and displacement of 
springs of STBs and that the data could be transmitted between 
the devices and trains in commercial operation.  At the same 
time, the power source of the first-stage prototypes was of large 
capacity and thus expensive because we gave priority to checking 
for feasibility.  We thus decided to further make second-stage 
prototypes for optimization of the power source capacity.
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Fig. 9  Measurement Results of Equipment Measurement Device 
for STBs (first-stage prototype)

Fig. 6  Equipment Measurement Device for
Compression Joints of Feeders (first-stage prototype)

Fig. 7  Equipment Measurement Device for STBs
(first-stage prototype)

Fig. 8  Measurement Results of Equipment Measurement Device 
for Compression Joints of Feeders (first-stage prototype)
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5.2 Overview of the Design of Second-stage Prototypes
We designed the first-stage prototypes so that it could operate 
even without sunshine for three consecutive rainy days, but 
using an electric double layer capacitor of large capacity pushes 
up the cost.  We thus made three models with electric double 
layer capacitors of different capacities and carried out field tests 
to find out the required appropriate capacity.  Table 1 shows the 
capacities of the capacitors used for the second-stage prototypes.

5.3 Field Test Results for Second-stage Prototypes
We carried out field tests of the second-stage prototypes from 
July to October 2011.  The test location was the same as for 
the first-stage prototypes.  Fig. 10 and 11 show the installed 
equipment measurement devices.

With the second-stage prototypes, we tried to secure 
necessary and sufficient operation time, as opposed to our aim of 
constant operation with the first-stage prototypes.  Temperature 
of compression joints of feeders and displacement of springs of 
STBs reach their peak in the morning and evening rush hours 
or in the summer daytime.  The devices must, at least at those 
times, be able to monitor equipment conditions and collect 
data without fail.  We thus looked at the operation time and 
availability of each day of a week (without rainy days) in our 
evaluation of optimal capacity.  Table 2 shows the results.

Table 2 indicates that the average operation time of the model 
with the smallest capacitor capacity was approx. eight hours and 
it’s shortest operation time was six hours, the shortest in the test, 
meaning that this model could stop working even if there was 
sunshine.  While the average operation time of the model with 
the largest capacitor capacity was longer, the shortest operation 
time of the model with medium capacitor capacity was longer by 
one hour.  This suggests that we have to optimize the capacities 
of the solar panel and the capacitor.  Based on these results, we 
are planning to carry out simulation of the capacities of the solar 
panel and the capacitor and reflect the results in the model put 
into practical use.

Conclusion6
In this study, we developed equipment measurement devices 
that use a sensor-integrated RFID tag to find temperature of 
compression joints of feeders and displacement of springs of 
STBs, and we carried out field tests of those devices.  The field 
test results proved that the equipment measurement devices can 
make periodic measurement of temperature and displacement 
and that the data can be transmitted between the devices and 
trains running at the commercial operation speed of 110 km/h.

We will further carry out production of prototypes for 
practical use, long-time durability tests, and development of a 
system where measurement data is transmitted from trains in 
operation to maintenance depot offices.
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First-stage 
prototype

(for reference)

Second-stage prototype

Smallest Medium Largest

Capacitor capacity [F] 50 3.3 5 11

Operation time without
power supply [hours] 72 4 7 17

Capacitor capacity Smallest Medium Largest

Longest operation time per day [hours] 10 14.5 23

Shortest operation time per day [hours] 6 9.5 8.5

Average operation time per day [hours] 8.25 11.5 15.75

Availability 0.343 0.479 0.656

Table 1  Comparison of Capacitor Capacities of
Second-stage Prototypes

Table 2  Operation Time and Availability per Day
(Device for STB)

Fig. 10  Installed Equipment Measurement Device for 
Compression Joint of Feeder (second-stage prototype)

Fig. 11  Installed Equipment Measurement Device for STB 
(second-stage prototype)


