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1 Preface

We have been conducting fundamental research 
and product development to apply Vacuum Circuit 
Breakers (VCBs) to ultra high-voltage applications 
previously only possible with Gas Circuit Breakers 
(GCBs). In 2010, we commercialized a 145 kV  
single-break live tank VCB, and in 2013, we com-
mercialized a 120 kV single-break and 168/204 kV 
double-break dead tank VCB(1). In 2017, we com-
mercialized a 204 kV Gas-Insulated Switchgear 
(GIS)(2) using double-break technology. 

We have now further advanced our research 
and development efforts to develop a 240 kV double- 
break tank-type VCB, the world’s highest voltage 
VCB. This paper introduces its structure and fea-
tures.

2 Ratings and Structure

Table 1 lists the specifications for the 240 kV 
dead tank VCB. Fig. 1 shows the external view of 
the single-pole prototype, and Fig. 2 shows its inter-
nal structure. The specifications are a rated current 
of 2000 A, a rated breaking current of 31.5 kA, and 
a rated breaking time of 2 cycles. In production, 
three single-pole prototypes will be combined to 

［ New Products ］

Development of 240 kV Dead Tank 
Vacuum Circuit Breaker (VCB)

Hisashi Harada

Keywords 240 kV, Extra-high voltage, Large capacity, Lifecycle cost reduction, VCB, SDGs13

Abstract

We have taken on the challenge of researching and developing many Vacuum 
Circuit Breakers (VCBs) and have commercialized them. Applying our accumu-
lated technology, we have now developed the world’s highest voltage 240 kV 
dead tank VCB.

This product achieves a lightweight VCB operating mechanism, a stronger 
tripping magnet, and improved control circuit responsiveness. This allows us to 
achieve our first two-cycle VCB. It also meets the 10,000 times switching perfor-
mance required for railway applications and the Anti-seismic performance  
essential for maintaining lifelines.

As an environmental consideration, compared to existing Gas Circuit 
Breakers (GCBs), this model significantly reduces the use of Sulfur hexafluoride 
(SF6) - a greenhouse gas - and it contributes to the Sustainable Development 
Goals (SDGs).

Item Specifications

Model Vacuum circuit breaker (VCB)

Insulation gas Sulfur hexa�uoride (SF6), 2-pressure type

Tripping system Double-break with voltage dividing capacitors

Rated voltage 240 kV

Lightning impulse 
withstand voltage 
(LIWV)

900 kV，peak

power-frequency 
withstand voltage

395 kV

Rated frequency 50/60 Hz

Rated current 2000 A

Rated short-time 
withstand current

31.5 kA-2 s

Rated cutoff time 2 cycles

Rated closure 
operating voltage

DC100 V

Rated motor 
voltage

DC100 V

Operating 
mechanism

Closing: Motor charged spring, 
Opening: Spring

Rated gas 
pressure

High pressure chamber: 0.4 MPa・G or below
Low pressure chamber: 0.16 MPa・G (at 20℃)

Altitude 1000 m or below

Ambient 
temperature

－20～40℃

Installation 
environment

Outdoors 

Applicable 
Standards

JEC 2300 (2020), 
JRCS301-1I-EG15E，JEAG-5003

Major ratings of the 240 kV tank type VCB are shown.

Table 1 Ratings
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form a three-pole breaker. The structure consists of 
two 145 kV vacuum interrupters (VIs) arranged in 
series within the tank, with a central Y-shaped link 
mechanism driving both VIs simultaneously. Addi-
tionally, voltage dividing capacitors are arranged in 
parallel with each VI on the left and right sides to 
reduce voltage imbalances between the VIs.

3 Features

3.1 Two-Cycle Breaking
The JEC-2300 standard stipulates that a 

240 kV rated voltage circuit breaker must have a 
two-cycle breaking time. Up until 204 kV VCBs, the 
breaking time was three cycles, but this product 
required a two-cycle breaking time, a first for our 
company. According to calculations assuming a fre-
quency of 60 Hz, two cycles means that the contact 
opening time, taking into account the breaking char-
acteristics (arc time) of this product, had to be kept 
to 19.7 ms or less.

To achieve two-cycle breaking, we increased 
the speed of the trip coil, lightened the operating 
mechanism, and improved the response of the con-
trol circuit. The operating characteristics of the 
mechanism were verified using one-dimensional 
simulation (1D-CAE). In addition, spring characteris-
tics, load, lever ratio, mass, etc. were simulated 
using physical element models, and the physical 
parameters of each element were interchanged to 
achieve optimal results. As a result, we achieved 
optimized response for the mechanism.

3.2 Capacitor Power Supply
To achieve the two-cycle tripping described 

above, the tripping coil was increased in speed, 
requiring instantaneous, powerful power. This 
necessitated an increase in the control power sup-
ply capacity. However, considering the demand for 
replacement of GCBs, it was anticipated that 
increasing the capacity from the existing control 
power supply would be difficult. Therefore, a capac-
itor power supply was installed in the equipment. 
Fig. 3 shows the appearance of the capacitor power 
supply. By storing electricity from the conventional 
control power supply in a capacitor and using IGBTs 
(insulated gate bipolar transistors) to rapidly switch 
large currents, two-cycle tripping can be achieved 
without changing the capacity of the existing control 
power supply. 

3.3 10,000 Times Switching Operations
The JEC-2300 standard requires that the test 

items be met after a total of 2000 switching opera-
tions. However, since this product operates as a 
railway power receiving circuit breaker and operates 
once per day, it must undergo a continuous switching 
test of 10,000 times (with lubrication and simple 
inspections performed every 2000 times). This test 

A view of a short-time current interruption test on a single-pole 
prototype model is shown. The short porcelain insulators in the 
center are for the testing. They are not actually installed on the 
product.

Fig. 1 Single-Pole Prototype Model

VI

Character Y linkage
mechanism

Voltage dividing capacitor

The internal construction of the 240 kV tank type VCB is shown. 
The VIs are allocated on the right and left and each VI is provid-
ed with potential sharing mold type capacitors connected in par-
allel. The Character Y linkage mechanism is installed between 
the VIs and VI closure and tripping are carried out by raising and 
lowering of the lower rod. 

Fig. 2 Internal Construction



MEIDEN REVIEW  Series No.197 2026 No.204

was conducted 100,000 times also for the capacitor 
power supply unit mentioned above, to verify its reli-
ability. 

Furthermore, GCBs generate SF6 decomposi-
tion gas when interrupting current, reducing their 
interrupting and insulating capabilities. This requires 
the tank to be opened for inspection and part 
replacement every 2000 interruptions. However, 
VCBs interrupt current in the vacuum of the VI, elim-
inating gas degradation and contamination of the 
insulating gas. This eliminates the need for internal 
inspection for up to 10,000 interruptions. Table 2 
shows the advantages of adopting VCBs over 
GCBs. Considering lifecycle costs, VCBs offer many 
advantages.

3.4 Adoption of Polymer Insulators
Previously, we used porcelain insulators for 

our VCBs. However, with the adoption of the 240 kV 
tank-type VCB, we adopted polymer insulators, 
which offer superior seismic resistance and ease of 
maintenance. This reduces the load on the founda-
tions of existing GCBs and improves the anti- 
seismic performance.

3.5 Anti-Seismic Performance 
In earthquake-prone Japan, it is necessary to 

consider how to respond to earthquake disasters. In 
modern life, electricity, like water and air, is essen-
tial. As a vital lifeline, it is important to design elec-
trical equipment that can withstand earthquakes. 
This product has undergone an anti-seismic perfor-
mance analysis based on the JEAG-5003 standard 
and has implemented earthquake-resistance mea-
sures. Fig. 4 shows the results of the anti-seismic 
performance analysis.

Section Item VCB GCB※1 Remarks

Mainte-
nance

Interrupter 
lifetime

Load current 10,000 times 2000 times Long lifetime for the VCB because of 
minimal contact erosion

Rated tripping 
current

20 times 10 times

Interrupter disassembly 
check

Not required Every 2000 times Unnecessary for internal VCB inspection 
(No need for maintenance)

Reduction of environmental 
load (SF6 decomposed gas)

No generation of decom-
posed gases

Generation of decomposed 
gases during interruption

For the VCB, no decomposed gas (SO2, 
HF)※2 processor is needed at the time of 
inspection and removal. 

Multiple lightning interruptions (more 
than twice of thunderbolt in a short time)

Capable 
The VCB has a self-arc- 
extinguishing capability 
(vacuum diffusion).

Incapable 
The GCB relies on external 
performance for arc- 
extinguishing (gas blowout)

The VCB is capable of multiple lightning 
arc extinction by virtue of its self-arc- 
extinction ability by vacuum diffusion.

Notes: ※1．Comparison with our GCB 
 ※2．SO2: Sulfur Dioxide    HF: Hydrogen Fluoride 

Comparison of performance between VCB and GCB is shown in regard to their maintenance and multiple lightning tripping that is a fea-
ture of the VCB. 

Table 2 Advantages of Adoption for VCB and GCB

An external view (perspective drawing) of the capacitor source 
unit is shown. Capacitors allocated inside the unit can be seen. 

Fig. 3 Capacitor Source Unit

Generated
stresses

High

Low

The result of anti-seismic performance analysis for the 240 kV 
tank type VCB (three-pole breaker) is shown. The intensity of 
generated stresses is analyzed to confirm strength.

Fig. 4 Result of Anti-Seismic Performance Analysis



MEIDEN REVIEW  Series No.197 2026 No.2 05

3.6 Single-Pole and Three-Pole Breaker
The initial development plan was for a three-

pole breaker (single-pole breaker installed as a 
three-pole unit) to replace existing GCBs. However, 
we have now made it possible to install the single- 
pole breaker as a standalone unit. This allows for 
both integrated three-pole and single-pole installa-
tion, allowing for flexible replacement of existing 

equipment. Fig. 5 shows the outline of the single- 
pole breaker, and Fig. 6 shows the outline of the 
three-pole breaker.

4 Postscript

By advancing research and development of 
VCB – our competitive advantage technology, we 
have developed a 240 kV tank-type VCB, capable of 
two-cycle interruption, the world’s highest voltage. 
This allows us to enter fields previously only acces-
sible through GCBs. Using VCBs reduces the use of 
SF6, a greenhouse gas, and contributes to SDG 13, 
“Take urgent action to combat climate change and 
its impacts.” We intend to expand this VCB line-up 
and continue to pursue even higher voltages and 
larger capacities.

・ All product and company names mentioned in this paper are 

the trademarks and/or service marks of their respective owners.
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External view and dimensions of the 240 kV tank-type VCB (assembly of single-pole breakers) are shown. Three units of single-pole 
breakers are arranged. For the installation of single-pole breakers, a monitor panel is added for the external linkage. 

Fig. 5 External View of Single-Pole Breaker
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External view and dimensions of the 240 kV tank-type VCB 
(three-pole breaker) are shown. 

Fig. 6 External View of Three-Pole Breaker


