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1.  Introduction

Fuji Electric has launched high-voltage vacuum 
circuit-breakers (VCBs) in Southeast Asian, which con-
tinue to grow steadily.  In this respect, it is required 
that the units be compatible with the distribution volt-
ages of each country and be compliant with the inter-
national standard IEC 62271 series.

We have recently added IEC standard compliant 
12-kV and 24-kV rated VCBs to the “HS Series,” which 
has been sold mainly in the Japanese market, to the 
line-up for markets in Southeast Asia (see Fig. 1).

In order to comply with the safety-centered IEC 
standard, we worked to increase safety by adding a 
mechanism that enables the VCBs to be inserted and 
removed from the outside of a switchgear panel by 
technicians during maintenance work, as well as by us-
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ing a grounded metal shutter to cover the live section 
of the main circuit to which high voltage is applied.

The 24-kV VCB employs a solid insulation system 
to reduce the volume 40% smaller than that using the 
conventional air insulation system.

2.  IEC Standard Compliance

The IEC 62271 series consists of the IEC 62271-
100, which is the standard for the main body of the 
VCB, and the IEC 62271-200, which is the standard 
for the switchgear in which the VCB is housed.  The 
VCB is required to satisfy the main body specifi cations, 
while adopting a structure that conforms to the switch-
gear specifi cations.

As shown in Fig. 2, the IEC 62271-200 stipulates 

(a) 12-kV VCB (b) 24-kV VCB

Fig.1    External appearance of high-voltage vacuum circuit-
breakers
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Fig.2    Internal arc accident (schematic diagram of the side of 
the switchgear)
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that switchgear must have structure in which an in-
ternal arc accident does not cause the effect outside so 
that a worker in the vicinity of it is protected from in-
curring burns and fatal injuries.  Furthermore, it also 
requires advanced interlocks in order to prevent inter-
nal arc accidents from occurring.

We therefore adopt a system (panel surface cradle 
type) that enables insertion and removal of the VCB at 
between the operating position and the test position by 
revolving an operation handle with door of the switch-
gear being closed to improve operability (see Fig. 3).

Furthermore, the main interlock prevents errone-
ous operation in the following ways (see Fig. 4):
(1)  Switchgear door and VCB insertion and removal 

[see Fig. 4 (1)]
Insertion and removal cannot be performed when 

the switchgear door is open.  The switchgear door can-
not be opened when the VCB is in a halfway inserted 
or removed position or in the operation position.
(2)  Auxiliary circuit plug and VCB insertion and re-

moval [see Fig. 4 (2)]
The VCB cannot be inserted or removed when the 

plug is not mounted.  The auxiliary circuit plug can-
not be removed when the VCB is halfway inserted or 

removed.
(3)  VCB opening and closing and VCB insertion and 

removal [see Fig. 4 (3)]
Insertion and removal cannot be performed when 

the VCB is in the closed state.  The VCB cannot be 
opened or closed when the VCB is halfway inserted or 
removed.

These interlocks are structured to lock the inser-
tion and removal operation mechanism by means of 
the revolving operation handle (see Fig. 5).  The lock-
ing plate operates up and down depending on the state 
of the main contact for the auxiliary circuit plug and 
vacuum interrupter.  Furthermore, the revolving op-
eration is stopped when the locking plate is applied to 
the engaging portion of the operation shaft.

According to the latest IEC standards, the lock-
ing structure must be able to withstand a specified 
operating load of 750 N.  This is a rigid requirement 
in view of the fact that it is 5 times greater than the 
approximately 150-N insertion and removal operation 
load.  In consideration of the arrangement space and 
the workability of the parts, we adopted a structure 
that ensures a greater robustness for the entire lock-
ing mechanism, instead of using only the locking plate.  
We also added a stopper function to the existing mem-
ber of the structure.  As shown in Fig. 6, we carried out 
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Fig.3  Draw-out type with cradle (24-kV VCB)
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Fig.5  Locking mechanism (for wagon portion only)
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deformation analysis and confi rmed that there were no 
mechanical problems with regard to deformation at the 
specifi ed load.

3.  12-kV VCB

3.1  Specifi cations
Table 1 shows the base specifi cations of the re-

cently developed 12-kV VCB.  Figure 7 shows the exter-
nal appearance of draw-out type with cradle.

3.2  Miniaturization and weight reduction
By redesigning the insulation structure for the 

12-kV VCB, we were able to suppress the increase in 
size due to the addition of the interlocking mechanism, 
achieving the same dimensions as previous products 
that did not have the interlocking mechanism.  This 
made 12-kV VCB the industry’s smallest and the light-
est class products.

3.3  Change of the main circuit insulation structure
Previous products had a common insulation frame 

with a 6-kV VCB, and as such, an insulation barrier 
was used for them to ensure a phase-to-phase insulat-
ing distance for the main circuit, while phase distribu-
tion was also performed for the main circuit conductors 
(see Fig. 8).

In the developed product, we eliminate the insula-
tion barrier in order to prioritize miniaturization and 
weight savings for the structure, while also reducing 
the amount of copper used in the main circuit conduc-
tors to for a dedicated insulation frame for the 12-kV 
VCB.  The interphase pitch of the dedicated insulation 
frame increased from 130 to 165 mm, and as a result, 
the external dimensions of the insulation frame also 
increased.  However, by suppressing an increase in 
the volume of the insulation frame and redesigning 
the mounting structure, we reduce the stress applied 
to the insulation frame by 16% compared with previ-
ous products, and thus, we achieve weight savings for 
the insulation frame.  Figure 9 shows an example of the 
stress analysis for the insulation frame.

3.4  Employment of metal shutter
The main circuit conductors on the cradle side re-

quire a shutter structure to ensure that the charging 

Operation handle

Cradle

Auxiliary
circuit plug

Fig.7    External appearance of 12-kV VCB (installation: Draw-
out type with cradle)

Table 1  Base specifi cations of the 12-kV VCB

Item Specifi cations

Rated voltage 12 kV

Rated current 630 A, 1,250 A

Rated breaking current 25 kA

Rated short-time withstand 
current (3 s) 25 kA

Rated short-circuit making 
current (crest factor)

63 kA (50 Hz)
65 kA (60 Hz)

Rated short-time power-fre-
quency withstand voltage 28 kV

Rated lightning impulse 75 kV

Rated frequency 50/60 Hz

Installation
○Draw-out type with cradle
○Draw-out type
○Fixed type

Mass
VCB 94 kg

Cradle 67 kg (Draw-out type with cradle)

Standard IEC 62271-100 (2012)

Max. stress generator

Stress
High

Low

Fig.9    Example of stress analysis for insulation frame (inrush 
state simulation)
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Fig.8  Main circuit structure
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cently developed 24-kV VCB.  Figure 3 shows the exter-
nal appearance.

4.2  Solid insulation type main circuit
The air insulation system adopted by previous 

products were limited with respect to being miniatur-
ized because the insulating distance that needed to be 
secured grew in proportion with the voltage class.

As a result, we decided to utilize a solid insulation 
system for the 24-kV VCB.  Since epoxy resin has a 
dielectric breakdown electric fi eld strength that is 10 
times or more than that of air, we have been able to 
signifi cantly reduce the dimensions between the main 
circuit electrodes by covering the main circuit conduc-
tors, including the vacuum interrupter, with an epoxy 
resin using a vacuum pressure gel method (see Fig. 11).

Epoxy molded products such as bushings and in-
sulators have electrodes embedded in them, and as 
such, there is the risk of partial discharges due to the 
interface state and voids may cause insulation deterio-
ration.  In order to suppress partial discharges for the 
developed product, we implemented three-dimensional 

components are not exposed during maintenance.  The 
shutter material improved safety by using a grounded 
metal shutter instead of an insulating material, thus 
preventing electric shock even if touched.  The insulat-
ing distance between the shutter and the main circuit 
charged part of the VCB that are inserted in the op-
eration position needs to be larger for using the metal 
shutter than for an insulating material shutter.  Figure 
10 shows the shutter mechanism.  As shown in Fig. 10 
(b), when the same structure as that of previous prod-
ucts is adopted, for which the shutter plate slides up 
and down, an operation amount equivalent to 1.4 times 
the operation amount of insulating material shutters 
is required to ensure the insulating distance.  As a 
result, the shutter projects upward, and the height of 
the cradle ends up being 45 mm larger than previous 
products.

Therefore, as shown by the developed product of 
Fig. 10 (a), we adopted a revolving system for operating 
the shutter in order to decrease the height of the cra-
dle.  By suppressing the projection amount the shutter 
plate, while considering the operation timing and oper-
ation load, we aimed at reducing the height dimension 
and successfully achieved 45 mm miniaturization over 
previous products.

4.  24-kV VCB

4.1  Specifi cations
Table 2 shows the base specifi cations of the re-
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(b) Previous product (up/down slide type)

(a) Developed product (rotating type)

Fig.10  Shutter mechanism

Table 2  Base specifi cations of 24-kV VCB

Item Specifi cations

Rated voltage 24 kV

Rated current 630 A, 1,250 A

Rated breaking current 25 kA

Rated short-time withstand 
current (3 s) 25 kA

Rated short-circuit making 
current (crest factor)

63 kA (50 Hz)
65 kA (60 Hz)

Rated short-time power-fre-
quency withstand voltage 50 kV

Rated lightning impulse 125 kV

Rated frequency 50/60 Hz

Installation (symbol) Only for the main unit of 
draw-out type with cradle (F)

Mass (main unit) 170 kg

Standard IEC 62271-100(2012)

Solid insulation 
component (epoxy resin)

Insulation frame

(Unit: mm)

788

1,125

763 652

862 696

(a) Developed product (b) Previous product

Fig.11  Comparison of external shape of 24-kV VCB
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tional products, as shown in Fig. 13 (b), came equipped 
with an adjustment component located directly below 
the vacuum interrupter, but the developed product, as 
shown in Fig. 13 (a), has its adjustment component lo-
cated on the front side via the conversion lever, and as 
a result, it has a smaller height dimension compared 
with previous products.

The addition of the conversion lever, however, 
causes operation energy to increase due to the increase 
in the mass of the movable part.  Therefore, we have 
reduced stress and weight using mechanical dynamic 
analysis and stress analysis in conjunction to improve 
opening and closing operation characteristics and me-
chanical strength.  An example of the stress analysis 
for the opening and closing shaft is shown in Fig. 14.  
By suppressing the operation energy through compo-
nent weight reductions, we suppress the increase in 
size of electrical components such as energy source 
springs and motors, and this contribute to miniaturiza-
tion while also enabling operation at the same power 
supply capacity as previous products.

By redesigning the connection structure and adopt-
ing the solid insulation system based on epoxy casting, 
the product achieves miniaturization of about 40% in 
volume when compared with previous products.

5.  Postscript

In this paper, we introduced the IEC standard 
compliant vacuum circuit-breaker (12 kV, 24 kV) for 
Southeast Asian markets.

We will continue to respond to customer needs 
from a worldwide perspective, while advancing in the 
development of products that further enhance reliabil-
ity and safety.

electric field analysis and utilized a structure that re-
duces the maximum electric field strength.  Based on 
this, we used the designed device to implement a par-
tial discharge test and checked the tolerance on the 
operating voltage.  The result was that we were able 
to confirm that the epoxy molding was of good quality.  
Figure 12 shows the electric field analysis for the solid 
insulation electrode pole components.

4.3  Change of the connecting structure
By connecting the operating mechanism to the 

main circuit side, it became necessary to provide the 
VCB with an adjustment mechanism in order to prop-
erly maintain the opening and closing characteristics.  
Figure 13 shows the connecting structure.  Conven-
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Fig.12    Example of electric field analysis for solid insulation 
electrode pole components (interphase application)
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Fig.13  Connecting structure
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Fig.14    Example of stress analysis for opening and closing 
shaft
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