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1 Preface

Electric railway brakes include mechanical 
brakes and regenerative brakes. Mechanical brakes 
apply braking by converting kinetic energy into fric-
tional energy. Regenerative brakes use a motor as 
a generator to convert kinetic energy into electrical 
energy for braking. Regenerative brakes are widely 
used because wear on brake pads increases train 
maintenance costs.

Our company offers three types of DC regen-
erative braking failure countermeasure products: 
“CAPAPOST,” which stores regenerative energy in 
an electric double-layer capacitor for reuse; 
“Regenerative Inverter,” which converts regenera-
tive energy to AC and supplies it to AC distribution 
equipment; and “KAISEIPLUS,” which passes the 
energy through a resistor to dissipate heat. 
Regenerative braking failure can be mitigated by 
ensuring sufficient absorption of surplus regenera-
tive energy under high traction voltage conditions, 
typically through energy storage systems, conver-
sion to AC power, or dissipation via resistive loads. 
However, there have been cases where railway 
operators have decided not to introduce or adopt 
these products due to considerations of train opera-
tion conditions and cost-effectiveness. Among 

these regenerative braking failure countermeasure 
products, this article introduces the features and 
functions of a new regenerative power absorbing 
resistor device which was the result of cost reduc-
tion by revising the functions of KAISEIPLUS. Fig. 1 
shows an overview of the regenerative power 
absorbing resistor device. 
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Abstract

To address regenerative braking failure that occurs during electric railway 
train regeneration, our company offers regenerative braking failure counter-
measure devices: a capacitor post for storing energy – called “CAPAPOST,” a 
regenerative inverter that converts DC to AC for reuse, and a regenerative power 
absorbing resistor device called “KAISEIPLUS.” By revising the functions of the 
KAISEIPLUS, we have developed a new, cost-effective regenerative power  
absorbing resistor device. 

The main difference from the KAISEIPLUS is that the circuit configuration is 
step-controlled, simplifying the equipment and the cooling system is natural 
cooling. Furthermore, electromagnetic compatibility is also taken into consider-
ation for overseas markets. This product will open up new markets.
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The surplus amount of regenerative energy generated at the 
time of train braking is consumed at the resistors.

Fig. 1 Overview of Device 
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2 Functional Comparison with  
the KAISEIPLUS

2.1 Rated Specifications
Table 1 compares the Japan market and over-

seas market specifications of the new regenerative 
power absorbing resistor device with those of the 
KAISEIPLUS in the form of a comparison table of 
rated specifications. (For T0, T1, and T2 in the 
“Time” section of Table 1, refer to the regenerative 
waveform model in Fig. 2.) Because the KAISEIPLUS 

is for the overseas market, it only has a rated volt-
age of 750 V DC. However, the new regenerative 
power absorbing resistor device has also been 
developed for both 750 V DC and 1500 V DC for the 
Japan market. The rated currents listed in Table 1 
are 2000 A※1, 3000 A※1, and 4000 A※1 for the Japan 
market and 3000 A※1, 4000 A※1, and 5000 A※1 for 
the overseas market. As shown in Fig. 3, for the 
3000 A※1 rated current, three switches are installed, 
allowing the rated current to be adjusted by adjusting 
the number of switches in the regenerative power 

Item

New regenerative 
power absorbing 
resistor device 
(for Japan market 
application)

New regenerative 
power absorbing 
resistor device 
(for overseas market)

KAISEIPLUS 
(Current model) Remarks

Applicable standard JEC2440-2014 IEC60146-2-1999 IEC60146

Rated class Class S Class S Class S

System voltage (V) 1500 750 750

Rated current (A) 2000※1 3000※1 4000※1 3000※1 4000※1 5000※1 2600 3600 4500 Current peak

Time 
T0 (ms)/T1 (s)/T2 (s)

50/30/150 50/20/100 100/20/100 ※See Fig.1

Input System voltage (V) 1600 800 750

Setting voltage (V) 1540～1800 770～850 770～850

Maximum voltage (V) 2000 900 900

Control method Step control Step control PWM chopper control

Construc-
tion

Installation place Outdoors Indoors Indoors

Cooling system Heat pipe type self-
cooled

Natural air self-cooled Forced-air cooled

Environ-
ment

Altitude 1000 m or below 1000 m or below 1000 m or below

Ambient temperature (℃) －20～40 －5～40 －5～40

Relative humidity (%) 15～100 15～95 15～95 Freedom from 
dew condensation

Miscellany No. of operation times 20 times/hr
1200 times/day max.

300 times/day 
1200 times/day max.

300 times/day

The comparison table is shown below in regard to Japan market and overseas market specifications of the newly developed regenerative 
power absorbing resistor device and the rated specifications of the KAISEIPLUS. 

Table 1 Comparison of Ratings and Specifications

Ip

T0

T1 T2

A waveform model during train regeneration is shown.

Fig. 2
Typical Regenerative Braking Current 
Characteristics

3000 A※1

New regenerative
power absorbing 
resistor device

Resistors

4000 A※1

5000 A※1

The relationship is shown between the rated current and the 
number of IGBT units. 

Fig. 3
Configuration of New Regenerative Power 
Absorbing Resistor Device
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absorbing resistor device.

2.2 Circuit Configuration
The main difference from the KAISEIPLUS is 

the circuit configuration. The KAISEIPLUS uses a 
Pulse-Width Modulation (PWM) chopper method, 
while the new regenerative power absorbing resis-
tor device uses a step-control method. Fig. 4 shows 
the differences between the KAISEIPLUS and the 
new regenerative power absorbing resistor device. 
The train’s regenerative energy, with time on the 
horizontal axis and energy intensity on the vertical 
axis, rises linearly upon braking, peaks, and then 
gradually declines into a triangular waveform. In 
contrast, KAISEIPLUS recovers energy using a  
similar triangular waveform controlled by PWM. The 
new regenerative power absorbing resistor device 
uses a step-control method. This is a major func-
tional difference, but step-control simplifies the cir-
cuit and reduces the equipment costs.

2.3 Cooling Method
The new regenerative power absorbing resis-

tor device uses a revised cooling method, adopting 
a self-cooling (natural ventilation) system. The 
KAISEIPLUS was originally air-cooled (forced venti-
lation), but by adopting step-control, the power loss 
of the new model is reduced compared with the 
PWM control method model, allowing for a natural 
cooling system. This eliminates the need for fan 

replacement during maintenance, reducing lifecycle 
costs. As shown in Table 1, the thermal cycle under 
repeated operation conditions was considered, and 
optimal flat-type IGBT elements were adopted. For 
the Japan market model, heat pipe cooling is used 
to accommodate outdoor installation. For the over-
seas model, air cooling is used to accommodate 
indoor installation. These changes reduced intro-
duction and maintenance costs.

2.4 Device Dimensions
Fig. 5 shows the external view of the new 

regenerative power absorbing resistor device for 
the Japan market model, and Fig. 6 shows the 
external view of the overseas model.

(a) KAISEIPLUS (b) New regenerative power 
 absorbing resistor device
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Regenerative energy
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A difference between the KAISEIPLUS and the new regenera-
tive power absorbing resistor device is shown. 

Fig. 4
Difference between KAISEIPLUS and New 
Regenerative Power Absorbing Resistor Device
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External view is shown for the new regenerative power absorb-
ing resistor device (Rated current: 3000 A※1) for Japan market. 

Fig. 5 External Dimensions of New Regenerative Power 
Absorbing Resistor Device for Japan Market
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External view is shown for the new regenerative power absorbing 
resistor device (Rated current: 3000 A※1) for overseas market. 

Fig. 6
External View of New Regenerative Power 
Absorbing Resistor Device for Overseas Market
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3 Operation of the New Regenerative 
Power Absorbing Resistor Device

Fig. 7 shows an overview of the operation of 
the new regenerative power absorbing resistor 
device. It shows the regenerative current, traction 
voltage, and current flowing through the resistor 
when the train regenerates. As the train regener-
ates, the traction voltage also increases. This trac-
tion voltage value is detected and the regenerative 
resistor switch is turned on. When the regenerative 
energy is high, four switches are turned on sequen-

tially. After reaching a peak, the switches are opened 
in stages. Each time the switch is turned on, the cur-
rent value in the resistor rises in a stepwise manner, 
and then falls in a stepwise manner.

4 Electromagnetic Compatibility (EMC)

Semiconductor-based power conversion devices 
often use semiconductor products such as IGBT 
elements. Semiconductor products are affected by 
surrounding electromagnetic waves and also emit 
electromagnetic waves themselves, therefore EMC 
must be considered when designing. For overseas 
markets, customer specifications may require EMC 
certification by a third-party testing organization, the 
product has received EMC. Fig. 8 shows the scene 
of the unit under the EMC test. 

5 Postscript

We have developed a variety of regenerative 
power absorbing resistor devices to meet customer 
needs. This time, we have developed a model that 
is cost-effective and easy for customers to adopt. 
This will enable us to enter markets where our prod-
ucts have not been adopted due to cost issues.

Going forward, we would like to supply this unit 
at home and abroad, contributing to the safe and 
stable operation of railways.

・ All product and company names mentioned in this paper are 

the trademarks and/or service marks of their respective owners.

(Note) 

※1. The rated current values  are based on the development stage 
and are subject to change.
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Operational overview of the new regenerative power absorbing resistor device is shown. 

Fig. 7 Overview on Operation of New Regenerative Power Absorbing Resistor Device

This shows a scene of the unit under the EMC test. 

Fig. 8 The Scene of Unit Under EMC Test


