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Railway rolling stock has come to use many electronic devices in 
recent years.  With a focus on constant voltage DC power supplies 
for rolling stock (automatic voltage regulators, AVR)— the power 
supply for those electronic devices—we assessed by monitoring 
their attributes whether it is possible to predict life expectancy or 
detect signs of deterioration, and we studied methods of detecting 
those.  An AVR is a stabilized DC power supply device that 
converts input voltage 
(for example, DC 100V) 
to stabilized direct current 
voltage such as DC 5V, 
DC 12V, or DC 24V 
and supplies (outputs) 
that, making it a power 
converter for operating 
electronic devices (Fig. 1).

Overview of AVR2

2.1  Selection of Control System and Parts that Fail at End 
of Life

Much AVR with output power of around 50W to 100W adopts 
pulse width modulation (PWM) as the control system, and they 
have circuits called auxiliary power supply, which supply operating 
voltage to the control IC.  The AVR studied this time also adopts 
PWM, and it is widely used on both Shinkansen and conventional 
line rolling stock.

From the results of failure surveys up to now, we decided to 
focus on electrolytic capacitors of AVRs.  The life expectancy of 
electrolytic capacitors is affected by the temperature of the ambient 
environment, but they tend to have a shorter life expectancy 
than resistors, semiconductors, and other components.  With 
electrolytic capacitors used in auxiliary power supply circuits in 
particular, capacitance cannot be made too large due to restraints 
in circuit design compared with smoothing capacitors for input 
or output, and they are physically smaller.  For that reason, 
small electrolytic capacitors tend to deteriorate faster than larger 

Introduction1
ones under the same conductions such as ambient environment 
temperature, and that can easily affect AVR functionality.

2.2  Functions of Electrolytic Capacitors of Auxiliary Power 
Supply Circuits

Electrolytic capacitors of auxiliary power supply circuits have a 
function whereby they supply operating power to control ICs from 
the time that input voltage is applied until switching operations are 
continued, and time until switching operations are started depends 
on capacitance of electrolytic capacitors.  In our study, we explain 
the following operation principles with time until output is started 
as “start delay time” (Fig. 2, Fig. 3).
(1)  First, electrolytic capacitor of auxiliary power supply circuit is 

charged.
(2)  Electric power is sent from electrolytic capacitor to control IC. 
(3)  Control IC operates and switching starts.
(4)  Control IC is operated by power source output start and 

transformer power source.
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Presently, we carry out rolling stock maintenance work according to set periods of time or mileage.  This is called time-based 
maintenance (TBM). By switching to condition-based maintenance (CBM), we can expect improved reliability in rolling stock and 
reduced maintenance costs as maintenance will be carried out according to the actual condition of specific car parts.  In this study, 
we focus on stabilized DC power supply devices for rolling stock by monitoring their attributes, and we assess whether it is possible 
to predict their life expectancy or detect signs of deterioration.
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Fig. 1  Exterior of AVR (Reference)
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Fig. 2  Operation Principles of AVR
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Fig. 3  Input/Output Waveform and Start Delay Time in Normal Operation
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Prototype Methods of Detecting 
Deterioration5

It is assumed that deterioration of AVR can be judged by detecting 
change in AVR start delay time and poor auxiliary power supply 
start time.  We produced a prototype delay detector and verified 
its operation.  As a result, we were able to measure start delay 
becoming shorter due to deterioration of electrolytic capacitors of 
auxiliary power supply circuits and poor auxiliary power supply 
start time that occurs when deterioration further progresses. 

Start delay time and poor auxiliary power supply start time are 
both measured as “time”, so compared with measuring voltage, 
current, capacitor characteristics and the like, the AVR does not 
need to be disassembled, so it will be possible to quantitatively 
evaluate signs of deterioration by a relatively simple measuring 
method.  Furthermore, we considered for a deterioration detection 
method how to make measurement possible both by measuring 
instruments being built in to the AVR and by them being portable. 

Conclusion6

It is difficult to identify trends in deterioration of electronic devices, 
but we were able to identify trends in deterioration of AVR by the 
index of start delay time (patent pending).  This is the first step to 
CBM for electronic devices.

We will continue to work on R&D for improving quality and 
achieving practical use in order to provide safe and amenity-rich 
railways.

Hypothesis on Deterioration of AVR Life 
Expectancy3

Capacitance drops when the electrolytic capacitor of the auxiliary 
power supply circuit deteriorates, resulting in a change in time 
(Fig. 2, Fig. 3 (1)) required from input voltage being applied to 
the AVR to charging of the electrolytic capacitor of the auxiliary 
power supply circuit, which is assumed to affect start delay time.  
If deterioration further progresses and end of life is reached, there 
will not be sufficient charging capacity and operation power 
cannot be supplied to the control IC, at which point rolling stock 
AVR output is assumed to stop.

In light of the above, we hypothesized that we would be able to 
estimate the amount of deterioration of electrolytic capacitors of 
auxiliary power supply circuits by detecting start delay time due to 
passage of time.  In order to verify this hypothesis, we simulated 
deterioration of electrolytic capacitors of auxiliary power supply 
circuits and conducted deterioration acceleration tests with an 
objective of identifying change in start delay time in relation to 
progression of deterioration of life expectancy.  

Results of Electrolytic Capacitor 
Deterioration Acceleration Tests4

In order to identify change in start delay time in relation to 
progression of deterioration of life expectancy, we conducted 
deterioration acceleration tests on electrolytic capacitors of 
auxiliary power supply circuits.  From the results, we confirmed 
the following phenomena in addition to those hypothesized in 
chapter 3. 
(1)  Drop in capacitance of electrolytic capacitors and tan δ change 

were confirmed in all samples.
(2)  In the initial and middle stages of deterioration, a phenomenon 

of start delay time becoming shorter due to drop in capacitance 
in conjunction with progression of electrolytic capacitor 
deterioration was confirmed in all samples (Fig. 4).  That 
occurred because charge time became shorter with the drop 
in capacitance. 

(3)  Start delay time becoming longer was confirmed moving into 
the late and end stages of deterioration (Fig. 5).  That occurred 
because poor auxiliary power supply start occurred due to the 
phenomenon where capacitance cannot last until the power 
source is switched from the transformer operating the control 
IC and operation starts and stops.

(4)  Half of the samples were confirmed to have reached the point 
that output voltage stopped due to capacitance dropping to the 
point that it could not be expected to operate the control IC at 
the end stages of electrolytic capacitor deterioration.
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Fig. 4  Phenomenon where Start Delay Time Becomes Shorter

Fig. 5  Phenomenon where Start Delay Time Becomes Longer


