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JR Easts supplies power to trains from our own power stations and from electric companies, so substations for operation are set 
up.  Substations for operation are, as shown in Fig. 1, composed of various equipment, and people periodically patrol those to 
check for presence of abnormalities, relying on senses such as sight, hearing, and smell.  

Meanwhile, there are concerns about a decline in maintenance personnel due to an aging society with low childbirth 
and drop in the labor population.  We are therefore studying a method of detecting abnormalizes in equipment from 
changes in sound by capturing sound emitted by equipment using microphones with a goal of replacing reliance on 
human sense of hearing and thereby reduce labor for maintenance.

2. Equipment Sound at Substations for Operation

Equipment emitting sound at substations for operation is classified into two types.  Those are “moving devices” that emit 
sound only when the equipment is operating and “static devices” where vibration due to factors such as flux change is 
manifested as sound.  In order to measure the sound of that equipment, we selected from various types of microphones.  
Sound is composed of two elements: sound pressure level that expresses the intensity of sound and frequency that 
expresses the pitch of sound.  Humans can sense sound pressure level of about 0 to 130 dB and frequency of 16 Hz to 
20 kHz, called the audible range.  We used microphones that can collect sound in the audible range for this measurement.  

Microphones were placed inside the cabinet or control box of substation equipment for operation to prevent noise from 
coming in during measurement. Meanwhile, microphones cannot be installed inside transformers, so sound collectors 
(parabolic microphones) to increase the sound collecting effect were combined and measurements made.  Fig. 2 (a) shows 
measurement of AC circuit breaker sound and Fig. 2 (b) shows measurement of transformer sound. 
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We are trying to identify signs of abnormal equipment by monitoring the sounds emitted from each equipment in a substation.  
This time, we conducted abnormal sound detection tests of transformers and collected sound data.  We were able to visualize 
abnormal sounds in the audible range by wavelet transform.

Abstract

•Keywords: Substation, Transformer, Wavelet transform, Abnormal sound, Partial discharge

Motohiko Onuki**Taichi Hirano**Yosuke Uchiyama* Hideyasu Suzuki***

Fig. 1  Major Equipment of Substation for Operation

(a) Transformer (b) Rectifier (c) AC circuit breaker (d) DC circuit breaker
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2.1 Circuit Breaker Sound
AC circuit breakers and DC circuit breakers are typical moving devices, and those generate sound when switching on and 
off.  In order to investigate whether there is a difference in sound before and after maintenance, we measured operating 
sound of AC circuit breakers before and after overhaul.

Fig. 3 (a) shows measurement data for sound pressure level of an AC circuit breaker before overhaul.  This AC circuit 
breaker sound is composed of a single impact sound at off operation and impact sound and energizing spring winding 
sound at on operation.  How frequency is distributed cannot be judged from the sound pressure level graph, so change 
in pitch of the sound cannot easily be identified.  We thus increased the dimension by measurement data time-frequency 
transform (wavelet transform) and expressed time-sound pressure level axis on time-frequency sound pressure level axis 
to visualize frequency distribution (Fig. 3 (b)).  We found that energizing spring winding is distributed between 100 Hz 
and 20 kHz.

Fig. 4 shows measurement data at operation and a wavelet graph of an AC circuit breaker after overhaul.  In the frequency 
band of the part surrounded by dotted lines in the right graphs of Fig. 3 and 4, we see that sound pressure level before overhaul 
is high.  This suggests that approx. 200 Hz sound pressure level has raised due to deterioration over time of grease, bearings, and 
the like for the motor for winding up the energizing spring.  As  result of investigating energizing spring winding sound of AC 
circuit breakers of different models, we confirmed that a similar trend becomes apparent at approx. 200 Hz.

2.2 Static Device Sound 
Transformers and rectifiers are important equipment of static devices.  Flux interlinks in an iron core to generate magnetic 
strain with transformers, and vibration proportional to the integral multiple of 2X the power source frequency (50 Hz) 
is generated to generate excitation sound.  Transformer sound measurement data is shown in Fig. 5 (a) and wavelet 
transformed sound is shown in Fig. 5 (b).  There is a characteristic of distributing in the integral multiple of 2X the power 
source frequency, such as mainly 100, 400, and 1,000 Hz.
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Fig. 5  Transformer Sound Distribution

Fig. 4  AC Circuit Breaker Sound Distribution After Overhaul
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Fig. 3  AC Circuit Breaker Sound Distribution Before Overhaul
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Fig. 2  Measurement of Substation Equipment Sound
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Measurement data of rectifier sound is shown in Fig. 6 (a) and wavelet transformed sound is shown in Fig. 6 (b).  It is 
distributed mainly in frequencies such as 25, 50, and 200 Hz and tends to be distributed in certain frequency bands like 
with transformers.  In the diagram, the place where 50 Hz band sound becomes weak is at the timing where train load is 
small in 180 seconds of measurement.  Rectifier sound is distributed even at less than 50 Hz, the frequency of the power 
source, so we plan to continue investigating factors behind its occurrence.  

When transformers and rectifiers are operating normally, sound pressure level changes according to the size of the 
load, but frequency distribution does not change.  From this characteristic, when abnormality occurs in equipment 
and abnormal sound in the audible range occurs, sound pressure level in a frequency range other than that at normal 
operation is probably manifested.  We thus studied the failure mode where transformer abnormal sound occurs.

3. Transformer Abnormal Sound Detection Tests

3.1 Internal Abnormalities of Transformer and Mockup Production 
Possible reasons for internal abnormalities of a transformer include abnormal voltage from causes such as lightning infiltration, 
decreased dielectric strength caused by deterioration of insulating paper, and layer shorts.  When such abnormalities occur, 
insulation between windings cannot be maintained and discharge occurs, resulting in gasses such as acetylene not detected 
when equipment is in good condition being emitted.  Problems manifest as partial discharge, discharge, or arc discharge 
depending on the degree of abnormality, and the ratio of gas components emitted in insulating oil changes.1)  Internal failures 
have occurred in transformers in the JR East operating area, with lightning intrusion assumed to be a factor of behind those 
failures.  From the ratio of gas components in insulating oil, we surmise that arc discharge was occurring.2) 

Discharge and arc discharge possibly emit sound constantly, and it is assumed that it can be identified by the human 
ear at patrols.  Conversely, partial discharge is low-energy discharge, so sound pressure level is assumed to become smaller 
and may be drowned out by excitation sound.  Thus, it is difficult to identify that by human ear during patrols.

In order to investigate whether it is possible to identify by microphone sound when partial discharge occurs within 
transformers, we artificially produced layer shorts in internal windings of transformers.  We used small capacity transformers 
that are easily disassembled and modified for the investigation.  Table 1 shows the specifications of transformers used 
for investigation.  No. 1 is a healthy transformer and No. 2 is an abnormal transformer where we made layers 1 and 4 
approach each other to produce a simulated layer short and used that as a test specimen.  Fig. 7 shows an image of location 
of producing a simulated transformer failure and internal abnormality.

Fig. 6  Rectifier Sound Distribution
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Fig. 7  Image of Transformer Failure Simulation Locations and 
Production of Internal Error 
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Failure simulation
locationsNo.1 No.2

Model RPS243(1φ3W)

Rated voltage 6,600V / 210-105V

Rated capacity 10kVA

Percent impendence 2.73[%]

Table 1  Specimen Transformer Specifications 
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3.2 Results of Transformer Specimen Sound Measurement and Partial Discharge Measurement 
To measure sound of a specimen, we set up a microphone at 2 m from a specimen and collected sound for 1 minute at 
each test voltage.  Table 2 shows the measurement results of electric charge of partial discharge and Fig. 8 shows a test 
being done.  In healthy transformers, partial discharge and abnormal sound do not occur, but in abnormal transformers, 
1,000 pC or greater electric charge of partial discharge that is obviously abnormal occurs at 2.0 kV or greater, and 
abnormal sound could be confirmed multiple times. 

 

3.3 Results of Analysis of Abnormal Sound
Fig. 9 shows measurement data of a healthy transformer and abnormal transformer as well as wavelet graphs.  As measuring 
instrument operation noise is included at the start and end of 1 minute of measurement, we studied 50 seconds of data 
excluding that time. Frequency is distributed in the integral multiple of 2X the power source frequency such as 100, 400, 
and 1,000 Hz, which is a characteristic of transformers.  While abnormal sound could be confirmed multiple time during 
measurement with an abnormal transformer, no remarkable difference was seen in either measurement data or wavelet 
graph compared with those of a healthy transformer.  

Abnormal sound could be confirmed audibly, so we investigated by applying filtering per 1 kHz for measurement data.  
As a result, sudden waveforms not seen in healthy transformers were confirmed multiple times at a certain frequency 
band, and that matched timing of abnormal sound.  Fig. 10 shows the result of expanding the waveform of this part to 
0.5 seconds and performing wavelet transform again.  The sudden waveform could be confirmed to be distributed in a 
frequency band of 1 kHz or greater, and we were able to visualize abnormal sound.

4. Conclusion

We investigated the frequency distribution that typical equipment sound has by collecting sound with a microphone that 
can measure the audible range of sound emitted by substations for operation and visualizing the sound pressure level and 
frequency distribution by wavelet transform.  We also simulated layer shorts, one type of internal failure of transformers, 
caused partial discharge, and analyzed sound data collected by microphones, enabling us to visualize abnormal sound.  
Into the future, we will collect sound of equipment of substations for operation and proceed with verification of the 
possibility of detecting abnormal sound in actual operating environments.
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Fig. 9  Sound at Test Voltage of 3 kV (t=50 sec.) Fig. 10  Sound at Test Voltage of 3 kV 
(t=0.5 sec.)
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Fig. 8  Measuring Partial Discharge and Sound 
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Table 2  Results of Specimen Transformer Partial Discharge Measurement

Test voltage
[kV]

Healthy transformer Abnormal transformer

Electric charge
[pC]

Abnormal
sound

Electric charge
[pC]

Abnormal
sound

0.0

0 No

0 No

1.0 0 No

2.0 1,000 or greater Yes

3.0 1,000 or greater Yes


