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When a bridge comes to be supported on three points for a reason 
such as support subsidence, repercussion called clattering occurs.  It 
is known that clattering causes not only damage to supports but also 
cracks in the members around the support, greatly affecting total 
soundness of beams.  In this paper, we will report on a clattering 
detector under development, which works on electricity generated 
by vibration of beams caused by a passing train.  This development 
is going forward as a joint project of Panasonic Corporation and 
JR East, and joint application of a patent on the detection method 
has been completed (application No. P2015-112359).

Aims of Development2
The clattering detector under development has the following three 
features.
1)  Power saving and eliminating need for power supply by adopting 

vibration-powered generator
2)  Clattering detection method based on difference in vibration 

between right and left girders
3)  Abnormality detection method using trains in commercial 

operation

2.1  Power Saving and Eliminating Need for Power Supply by 
Adopting Vibration-powered Generator

In this development, we adopted for starting current a vibration-
powered generator (piezoelectric vibration power generation) 
utilizing vibration of girders while a train is passing, eliminating 
the need for external power supply as is usually needed for  
sensors.  The piezoelectric vibration-powered generator consists of 
a piezoelectric element, a weight for the piezoelectric element, an 
iron weight for the damper, and rubber parts, and the generator 
collects for its own power the potential difference generated by 
vibration and transformation of the piezoelectric element.  The 
rubber parts act as dampers to improve power generation efficiency 
by amplifying a certain frequency band, and they enable a wide 
range of operating frequencies to be captured as well (Fig. 1).

2.2  Clattering Detection Method Based on Difference in 
Vibration between Right and Left Girders

It is assumed that clattering causes different vibration behavior in 
right and left girders.  As the amount of vibration of a girder is 
subject to exterior factors such as the specifications and rigidity of 

Introduction1 individual bridges, we are working with a focus on the difference 
and ratio of the amount of vibration between right and left girders 
that are sound and those with clattering.  From that, we hope to 
standardize detection thresholds and establish a clattering detection 
method generally applicable to steel bridges.

2.3  Abnormality Detection Method Using Trains in Commercial 
Operation

JR East is gradually introducing track monitoring systems.  Those 
consist of a track irregularity monitoring device (measuring 
longitudinal level irregularity, etc.) and a track material monitoring 
device (monitoring missing rail fasteners, etc.) and a camera 
function is provided to the track material monitoring device.  We 
are investigating an efficient abnormality detection method where 
images of lighting status of LEDs are recorded and checked using 
that camera function (Fig. 2).

Development of a Prototype Model3
In light of the aforementioned aims, we developed a prototype 
model (Fig. 3).  Its vibration-powered generator has power 
generation frequency characteristics in the 30 - 60 Hz band, and 
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When a bridge loses support from one pier for a reason such as support subsidence, this imbalance causes repercussions known 
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Fig. 2  Image of Clattering Detection Using LED Lighting
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Fig. 1  Overview of Piezoelectric Vibration-powered Generator
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4.2.1  Difference between Right and Left Main Girders (With 
and Without Clattering)

There were differences in both the cumulative acceleration and the 
amount of power generation with some variation per point.  As 
shown at the point without clattering 85 cm from the support, 
we found some cases where power almost equal to that of a sound 
girder was generated.

4.2.2  Difference due to Point of Measurement on Lower 
Flange of Main Girder

The clattering detector should be set at a point as close as possible 
to the support because the smaller the distance from the support 
is, the larger the difference in the amount of power generation 
between girders with and without clattering is.  It has also been 
confirmed that almost no power is generated until cumulative 
acceleration reaches a certain value.

LED Lighting Test5
Also with the same bridge A, we checked status of LEDs (three 
patterns of red, infrared, green) using the track material monitoring 
device (Fig. 6).  We were able to confirm the images of red and 
green LEDs can be sufficiently used to judge the lighting status, 
while infrared images are not so clear compared with the image of 
a dummy LED (off).

Conclusion6
In this development, we focused on vibration characteristics 
of a bridge where clattering occurred and verified clattering 
detectability based on the difference in the amount of vibration 
power generation caused with clattering or no clattering.  We will 
increase sample measurement data using the prototype model 
produced and accelerometers, aiming to understand vibration 
characteristics of clattering and optimize detection thresholds.

the prototype records the amount of power generation by the right 
and left girders at 1 second and 2 seconds after the moment when 
the amount of power generated reaches its starting current (approx. 
50 µJ).  The prototype further compares the amounts of power 
generated by the right and left girders, and it judges clattering to be 
present if the amounts exceed the specified threshold value, turning 
the LED on.  The threshold value and the number of judgments 
until turning the LED on can be set as needed, and the LED can 
be kept on for total 150 hours using an AA battery.

On-site Measurement4
Using the prototype models and accelerometers, we carried out 
measurement on an actual bridge, which we shall call “bridge A”.  
With bridge A, approx. 2 mm clattering was found to occur on 
the fourth girder on the left side in the exit direction.  We set up 
the prototypes and accelerometers on the lower flange of the girder 
with clattering and on a girder without clattering (on the right side 
in the exit direction), varying the distance from the support.

4.1 Vibration Frequency Band of Clattering
Applying frequency resolution by the Fourier transform to the 
acceleration measurement data, we found a difference in the 
lower frequency band less than 150 Hz between girders with and 
without clattering (Fig. 4).  We also observed a tendency where 
the spectrum is amplified around the 30 - 60 Hz band, which is 
the power generation frequency resolution of the prototype model.

4.2 Difference between Amounts of Vibration per Point
Fig. 5 shows the cumulative acceleration at 30 - 60 Hz and the 
amounts of power generated by the vibration power generator.  We 
carried out measurement multiple times at the individual points.  
The measurement data indicates some fluctuation (due to a passing 
trains or other reasons), and we picked out data with low amounts 
of power generation.
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Fig. 4  Vibration Frequency Band of Clattering Fig. 6  Confirming LED Lighting Status

Fig. 3  Photo of Prototype Model Fig. 5  Difference in Amount of Vibration between Setting Points


