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One of the important roles of electric distribution, switching and 
control devices is to secure a safe, effi  cient and stable supply of electri-
cal energy, and in this respect, there has been increasing expectation 
for improved reliability and effi  ciency in these types of devices.  Fuji 
Electric has been meeting these expectations by continuously expand-
ing and renewing its line-up of compact, energy saving and medium-
voltage devices developed especially for confi guring electric distribution 
and power supply systems and machines.  As a result, we have enjoyed a 
strong reputation for supplying timely products that meet market needs.  
In this special issue, we will introduce the latest technologies and prod-
ucts for electric distribution, switching and control devices, which im-
prove ease-of-use, while contributing to safer and more effi  cient power 
supply through the evolution of Fuji Electric’s switching and breaking 
technologies.
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Rediscovering the Significance of 
Publishing Fuji Electric Journal
 

The University Library houses a section which dis-
plays a collection of technical journals by various manu-
facturers.  Although not frequently, I sometimes finger 
through pages for some titles that catch my interest.  
They serve as an ideal source of information on the latest 
technical trends, and it is quite different from reading 
academic journals.

On the same campus, there is the Museum of Indus-
trial Technology, which displays historic industrial ma-
chines preserved in a dynamic state.  It is well known 
among steam locomotive fans that the museum runs an 
1891-model English steam locomotive once every month.  
Other exhibits include an octopus-shaped glass-tube 
mercury-arc rectifier, which used to be installed at an 
electrical substation for locomotives.  Visitors can still 
observe how it functions, with the alluring blue-white 
glow of the discharged current.  The other day, I hap-
pened to come across an induction motor on display, 
with a nameplate indicating it was made in 1924 by Fuji  
Electric Manufacturing Co., Ltd.  According to the expla-
nation, it was used to power imported machine tools and 
is still operable.

This chance meeting prompted me to look up “Fuji 
Electric Journal.”*1  The very first Vol. 1 - No. 1 was pub-
lished 93 years ago, on March 1, 1924.  In the early days, 
the journal only included technical papers, most of which 
were translated articles published by Siemens.  This sug-
gests that, in those days, new technology was mostly  
introduced from abroad.  The foreword to the first publi-
cation was written by the founding president of the com-
pany, Wasaku Natori, who memorably stated as follows:

“(...) we are in a fortunate position to have access to 
the latest technologies and theories from Germany, so 
we surrender our selfish desire to monopolize this.  In-
stead, we offer this journal to wider society to regularly 
disseminate the knowledge therein. It will be our delight 
that readers will benefit from it.”   I have been impressed 
on his policy that the journal is based on the idea to pur-
sue not only the company’s own interest but the contribu-
tion to wider society.  The date, March 1924, is only six 
months after the Great Kanto earthquake, which struck 

Japan on September 1, 1923.  From 1935 onwards, spe-
cial features are appeared in each issue.  The journal un-
derwent a redesign with Vol. 85 - No. 4, published in July 
2012.  This renewal was attributed to the new brand 
statement, “Innovating Energy Technology.”  According 
to the editorial of the issue, “this brand statement rep-
resents Fuji Electric’s aspiration for innovating electri-
cal and thermal energy technologies, thereby making 
contributions toward the realization of responsible and 
sustainable society,” which eloquently expresses the com-
pany’s confidence in technological engineering and its 
determination to leap forward.

The current issue features “Electric Distribution, 
Switching and Control Devices,” which comprise the 
core technology indispensable for today’s electrical en-
ergy society.  Needless to say, they are expected to offer 
a safe, secure and highly reliable performance.  It was 
once said that Japanese society took “water and safety 
for granted.”  It must be acknowledged, however, that 
electricity and safety do not come for free even in this 
country.  While electric power is superbly useful,  it is 
generated using nuclear fuel, coal and LNG, which are 
all imported.  There are undoubtedly risks of major ac-
cidents and environmental burdens that come with these 
enterprises.  Household breakers, electrical outlets and 
switches employ electrical contacts to supply and cut off 
electricity.  We normally do not pay close attention in our 
use of these appliances, but they in fact ensure safety by 
complying with IEC, JIS and other safety standards.  In 
order to develop products, it is necessary to meet safety 
requirements and obtain relevant certification, espe-
cially of the IEC and ISO standards.  As I write this ar-
ticle, I am looking at the power adapter of my computer 
and I can recognize the standard certification marks of 
UL, CE, GS and PSE.  These are all safety certification 
marks.  Given the number of standards to satisfy for a 
power supply adapter, it is not difficult to imagine that 
electrical energy control systems and switching devices 
must meet an array of diverse requirements even for the 
IEC standards alone.

In May, I attended the IEC/ TC94 (all-or-nothing 
electrical relays) conference in Vienna as a representa-
tive of the National Committee of Japan to propose a 
new standard (NWIP).  Our proposal was duly received, 
with the working draft (WD) of the new standard circu-
lated for review.  We are waiting to find out the verdict, 

YOSHIDA, Kiyoshi *

 *   Ph.D. (Engineering), Professor, Department of Electrical 
and Electronics Engineering, Nippon Institute of 
Technology  
Chairman of IEC/ TC94 National Committee of Japan 

Preface
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which is due to be announced at the end of August.  With 
more than one-third of major participant nations (re-
ferred to as P-members) giving their approval, a working 
group (WG) will be formed and proceed to develop the 
new standard.  However, it must be completed and es-
tablished within three years, otherwise the project will 
be abandoned.  Apart from creating new standards, ex-
isting standards undergo regular maintenance.  Thus, 
it is possible to develop standards from scratch or make 
amendments to existing ones.  Either way, we will need 
an All-Japan approach, letting many experts to partici-
pate, to mobilize these efforts.  There is a significant ad-
vantage in developing and modifying the standard so 

that it offers some advantages to Japanese manufactur-
ers in their product development.  In the past, the rules 
of Judo were amended for the Olympic Games, which re-
sulted in disadvantaging Japanese athletes.  Doing the 
reverse, though not easy, would clearly be of benefit.  In 
this sense, we should also reaffirm the significance of the  
social contribution expressed in the foreword to Fuji 
Electric Journal Vol. 1 - No. 1 when working on stan-
dards.

*1: “Fuji Electric Journal” has been translated into English 
and published as “Fuji Electric Review” since 1955.
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Current
Status and

Future 
Outlook

1.  Introduction

Fuji Electric’s electric distribution, switching 
and control devices have supported the industry as 
core components widely used in electric equipment 
and machinery.  In recent years, there has been 
increasing demand for renewable energies such as 
fuel cells, photovoltaic power generation and wind 
power generation.  At the same time, energy sav-
ings has been advancing through regulations and 

standards such as the Top Runner Program*1, while 
environmentally friendly vehicles such as electric 
vehicles have also been rapidly spreading.  In order 
to respond to these changes in the energy field, it 
has become necessary to speed up the development 
of core products of these devices, as well as products 
for new markets as shown in Fig. 1.  In this regard, 
a main source for achieving this stems from the abil-
ity to raise our own product design technology and 
manufacturing and production technologies.

In this paper, we will introduce the product 
development and technical development of Fuji  
Electric’s electric distribution, switching and control 
devices.

2.  Environmental Changes and Megatrends

As shown in Table 1, Fuji Electric has been 
conducting research to capture and understand re-
cent megatrends surrounding electric distribution, 
switching and control devices, as well as the chang-
ing needs of these devices, and as such, it has been 
able to launch new products in a timely manner as 
shown in Fig. 2.

What is important among all of the megatrends 
shown in Table 1 is to innovate and change energy 
management, that is, “creation, transmission and 
use” of electricity through energy savings and re-
newable energies.  For example, with regard to 
“creation,” there has been an increase in fuel cells 
and photovoltaic power generation, and high-voltage 
DC technology has advanced to improve power gen-
eration efficiency and dissipate less power.  With re-
gard to “transmission,” there have been advances in 
technologies to reduce loss during DC power trans-
mission and IT technologies to facilitate power sup-
ply and improve safety and efficiency in distributed 
power systems.  Finally, with regard to “use,” there 
has been increased usage of LED lighting and high 

SUZUKI, Kenji *   OKAMOTO, Yasumichi *

Electric Distribution, Switching and 
Control Devices: Current Status and
Future Outlook

*1:  Top Runner Program
This is a system based on the “Act on 

the Rational Use of Energy” (Energy Con-
servation Act) that establishes a standard 

value equivalent to or higher than the per-
formance of the most energy-saving devices 
(Top Runner) for each targeted device type 
among energy-intensive devices, and pro-

motes the proliferation of energy-saving 
products specified for the targeted business 
year.

 *   Development Group, Fuji Electric FA Components & 
Systems Co., Ltd.
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efficiency motors, and electric vehicles equipped 
with high-voltage DC batteries are rapidly growing 
worldwide.  In this manner, energy management 
systems have entered a transitional stage in which 
they are evolving into efficient, safe and intelligent 
electric systems.

3.  Market Needs and Fuji Electric’s Past 
Endeavors(1)

In this chapter, we will describe some of Fuji 

Electric’s past endeavors in various fields related to 
machine control and power receiving and distribu-
tion where electric distribution, switching and con-
trol devices are in abundant use.

3.1  Support of Top Runner motors
The international standard IEC 60947-4-1 for 

magnetic starter*2 is scheduled to be revised and 
have its 4th edition published in March 2019.  This 
revision will also include the support for Top Run-
ner motors that was stipulated in the “Act on the 

Table 1    Megatrends surrounding electric distribution, switching and control devices

Classification Megatrend Classification Megatrend

Innovation of en-
ergy management 
(energy savings, 
renewable energy, 
energy creation)

◦Expansion of smart grids and smart cities
◦Increase in fuel cells, photovoltaic power gen-

eration and wind power generation
◦Highly efficient utilization through distrib-

uted power supply and IT
◦Expansion of high-voltage DC power supply
◦Increase in environmentally friendly vehicles 

and electric vehicles
◦Increase in high-efficiency IE3 motors and 

LED lighting

IoT proliferation 
and network  
expansion

◦M2M, intercommunication networks
◦Failure prediction, lifespan diagnosis and 

learning functions
◦Automatic setting systems

Acceleration  
in globalization

◦Full-fledged economic development in South-
east Asia
◦Polarization of high-function type and eco-

nomic type products
◦Standardization of international standards

Innovation of 
design evaluation 
technologies

◦Simulation and 3D design
◦Module design
◦Efficiency and reliability verification via 

acceleration evaluation

Declining Japanese 
labor force

◦Declining birthrate, aging population and 
shortening working hours
◦Decrease in technical skills

Innovation  
of materials  
technologies

◦Cadmium-free and environmentally resis-
tant materials
◦Highly recyclable materials suitable for 

miniaturization

Improvement in 
safety and security 
performance

◦Stable machinery and equipment operation, 
and risk reduction
◦Disaster prevention measures for earth-

quakes and fires
◦Increase in security and surveillance systems

Innovation  
of production  
technologies

◦Smart factories and robots
◦Flexible manufacturing systems (FMSs)

Item
Market 
needs

New electric distribution, 
switching and control 
device products

Product technologies ○2-contact 
　opening 
　mechanism

○Ultra compact 
　mechanical technology

○High-efficiency electromagnet technology
○Performance limit verification technology

○Gas cutoff technology
○High-voltage DC breaking technology

○Arc gas flow control and 
　cutoff technology

○DC distribution system protection technology
○Arc simulation technology

Basic technologies

Trends Globalization, population decline, aging
Increase in energy savings and new energy management systems

Increase in safety and security requirements

IoT, network system advancement

Regulations and 
standardization

○Environmental 
　regulations 
　(REACH regulations)

○Manual motor starters

○G-TWIN Series

○FJ Series
○SK Series

○G-TWIN Λ Series, High-voltage DC 
　circuit-breakers

○Sealed high-
　voltage 
　contactors

○Emergency stop pushbutton 
　switches (φ22, 30)

○Multi VCB
○LBS

○F-MPC04E ○String monitoring units

○16 minico Series

○Environmental 
　regulations 
　(POPs convention)

○Top Runner Program 
　(Transformers, IE3 motors)

2005 2010 2015 2020

Fig.2  History of product development in recent years

*2:  Magnetic starter
This device is generally used in motor 

circuits and has the capabilities of opening 

and closing a circuit and protecting motors 
from overload .  It is equipped with a mag-
netic contactor*6 and overload relay*5.
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Rational Use of Energy” (Energy Conservation Act) 
in Japan in April 2015.  Top Runner motors tend 
to have a high starting current due to their high 
efficiency.  When using this type of motor, the use 
of conventional molded-case circuit-breakers (MC-
CBs*3), earth leakage circuit-breakers (ELCBs*4) 
and thermal overload relays*5 can cause unneces-
sary operation due to the high starting current.  
Therefore, in 2016, we developed the compact mag-
netic starters “SW-N03” and “SW-N5-1” that com-
bine a new thermal overload relay that guarantees 
an operating time of 3 seconds or more at a rated 
current of 7.2 times [see Fig. 3 (a)].

Furthermore, the new thermal overload relay 
comes standard with a phase-loss protection func-
tion that further enhances motor protection.

Similarly, in 2015, we developed high instanta-
neous circuit-breakers (MCCBs, ELCBs) that opti-
mize instantaneous trip characteristics for 100 AF, 
125 AF and 250 AF in order to suppress unneces-
sary operation in MCCBs and ELCBs.  A model can 
be selected without increasing the frame size of the 
MCCB or ELCB relative to the motor rating (see 
Fig. 3 (b)).

3.2  Support of PCSs for photovoltaic power genera-
tion
Magnetic contactors*6, which are installed on 

the primary side of power conditioning systems 
(PCSs) that convert power generated by photovoltaic 
power generation systems from DC to AC, discon-
nect photovoltaic power generation equipment from 
power systems during times of maintenance and 
equipment failure.  Fuji Electric launched the “DS 
Series” lineup of magnetic contactors for PCS ap-
plications with rated capacities of 550 A, 660 A and 
800 A as units that support mega solar photovoltaic 
power generation systems with an output of 1 MW 
or more.  Figure 4 shows the “SC-N12/DS,” which 
has a rated current of 550 A.  It has achieved many 
enhancements including an improved electromagnet 
control circuit, a 10% reduction in power consump-
tion compared to previous models when maintaining 
the ON state, a reduction in loss achieved by raising 
current carrying performance for the contact block, 
and improved energy savings when compared with 
previous models.

In the field of low-voltage equipment, we have 
developed a high-voltage DC nonpolar breaking 

*3:    Molded-case circuit-breaker 
(MCCB)
This is a type of overcurrent circuit-

breaker that is used to protect the load 
circuit and wires from damage during an 
overload or short circuit by opening the elec-
tric circuit when an abnormal overcurrent 
flows to the circuit on the secondary side, 
and by cutting off the power supply from the 
primary side.  According to the principle of 
detecting overcurrent, MCCB can be catego-
rized into fully electromagnetic, thermal-
electromagnetic and solid-state types. 

*4:    Earth leakage circuit-breaker 
(ELCB)
This type of circuit-breaker detects 

leakage current due to electric leakages and 
possesses a function for automatically cut-
ting off the circuit.  Compared to molded-
case circuit-breakers that protect circuits 
from overcurrent due to overloads and short 
circuits, earth leakage circuit-breakers are 
provided for circuits in order to prevent elec-
tric shocks due to ground faults.  ELCB in-
cludes dual purpose types that combine the 
functions of a molded-case circuit-breaker 
and dedicated ground fault protection types 
that operate only when a ground fault oc-
curs. 

*5:    Overload relay 
(thermal overload relay)
This is a device that detects overload 

current generally for preventing motor burn-
out, and can be used in combination with a 
magnetic contactor.  Current is converted 
into heat by means of a heater, and detection 
of overload is made by the amount of bimetal 
element displacement.  This device is also 
called a thermal overload relay.

*6:  Magnetic contactor
This device can operate contacts con-

nected to electromagnets.  By operating the 
electromagnets, it is possible to open and 
close circuits.  Although it is similar in func-
tion to general relays, it differs in that it is 
characterized by the ability to perform high 
current opening and closing and by its ro-
bustness. 

(a) “SW-N03” 
     magnetic starter

(b) “BW100EAK” molded 
     case circuit-breaker

Fig.3    Magnetic starter and MCCB compliant with Top Run-
ner motors

Fig.4  “SC-N12/DS” magnetic contactor



129Electric Distribution, Switching and Control Devices: Current Status and Future Outlook

is
su

e:
 E

le
ct

ric
 D

is
tri

bu
tio

n,
 S

w
itc

hi
ng

 a
nd

 C
on

tro
l D

ev
ic

es

technology that we have used in the development 
and commercialization of 1,000 V DC and 750 V DC 
circuit protection MCCBs for mega solar PCSs, as 
well as an MCCB that benefits from further minia-
turization based on an arc commutation breaking*7 
method for 600 V circuits (see Fig. 5).

3.3      “Synchro safe contact” equipped pushbutton 
switch
Industrial operation switches for control equip-

ment are highly regulated by the international stan-
dards IEC 60947-5-1 and IEC 60947-5-5.  Fuji Elec-
tric has developed pushbutton switches compliant 
with these standards, and has released them to the 
market under the name “Command Switch.”

We have also developed emergency stop push-
button switches integrating a “synchro safe contact” 
for preventing the occurrence of disasters.  This 
switch is currently being used in various mechanical 
devices (see Fig. 6).  They are characterized by its 
high degree of safety which enables the contact for 
main circuit to open even in the event that the con-

tact block suddenly disconnects from operation part.

3.4  Support of power savings and labor savings
In May 2014, the Ministry of Land, Infrastruc-

ture, Transport and Tourism set out the importance 
of infrastructure maintenance in its infrastructure 
longevity plan.  In particular, it outlined the in-
creasing need for the renovation of buildings and 
commercial facilities and the supply of products 
that contribute to device power savings and labor 
savings in view of the decreasing labor force that is 
being brought about by the aging population and de-
clining birthrate.

In this respect, we have expanded our line-up of 
plug-in MCCBs and ELCBs to include a wider range 
of industrial fields, including switchboards, light-
ing distribution panels, and electrical distribution 
switchboards for data centers (see Table 2).

4.  Latest Developments for Meeting Market 
Demand

4.1  Switching devices*8

In order to meet increasing market demands, 
we have developed the “SL Series” silent magnetic 
contactor to reduce noise during switching, as well 
as the “SVE135” sealed high-voltage contactor for 

*7:  Arc commutation breaking
This is a breaking technology that 

commutates arc generated at contact open-
ing to conductors, which are referred to as 
arc runners, and reduces passage energy 
during breaking.  It enables miniaturization 

and high breaking capacity for devices such 
as molded-case circuit-breakers.

*8:  Switching device
This is a device used with low-voltage 

circuits that enables frequent opening and 

closing of electric circuits such as those for 
motors.  In this special issue, these types of 
devices are referred to as magnetic contac-
tors and magnetic starters.

Fig.5  600-V DC compact direct current MCCB

(a) “AR22VQL” (b) “AR30VPR”

Fig.6  Emergency stop pushbutton switch

Table 2  List of plug-in type MCCB and ELCB products

Item Specification

Structure  
classification Busbar direct-connected type Socket 

type

Main  
applications

Switch-
boards

Lighting 
distri-
bution 
panels

Server electrical distribution 
switchboards

Branch  
maximum 
rating

630 A 30 A 60 A 50 A 50 A

Plug connec-
tion

Primary 
side

Primary 
side

Primary 
side

Primary 
side

Primary 
side

Secondary 
side

Busbar con-
figuration Vertical Horizon-

tal Vertical Vertical —

Busbar pitch 70 mm 15 mm 30 mm 30 mm —
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high-voltage DC applications.
(1)  “SL Series” silent magnetic contactor

There has been increasing utilization of ma-
chine-room free elevators in luxury hotels and con-
dominiums.  Control panels that contain control 
devices such as contactors are often installed in the 
vicinity of elevator cars.  Therefore, there has been 
increasing demand for low-noise magnetic contac-
tors.  As a result, we developed the “SL Series” si-
lent magnetic contactor in 2016 as a device that sig-
nificantly reduces noise when compared to previous 
standard products (see Fig. 7).  The main features 
are as follows:

(a)  Reduction in operation noise (reduction of 
about 10 dBA or more when compared with 
standard products)

(b)  Common use AC/DC operation power supply 
(c)  Built-in coil surge absorption function
(d)  Certified with China Compulsory Certifica-

tion (CCC)
(2)  “SVE135” sealed high-voltage contactor

In recent years, there has been increased de-
mand for contactors for DC circuits due to the 
spread of hybrid vehicles and electric vehicles and 
the increase in high-voltage DC systems such as 
mega solar.  Contactors mounted on electric vehicles 
are required to be compact, while also maintaining a 
high degree of safety, reliability and environmental 
endurance.  In order to meet these demands, Fuji 
Electric has developed the “SVE135” sealed high-
voltage contactor with a rated voltage of 450 V DC 
and a rated current of 135 A as a contactor that can 
be applied to vehicles, fuel cells, photovoltaic power 
generation equipment, and battery systems (see Fig. 
8).  The main features are as follows:

(a)  The contact block is located in a sealed cap-
sule in which a gas is enclosed in order to 
improve breaking performance and dustproof 

features while achieving significant minia-
turization and high contact reliability when 
compared with previous contactors.

(b)  Ensures a high degree of safety with a high 
overcurrent withstand capability of 20 kA via 
its unique contact block structure.

(c)  Ensures safety through non-polarity for bat-
tery charging and discharging, as well as a 
consistent forward and reverse breaking per-
formance.

(d)  Improved ease of use and miniaturization via 
omnidirectional installability.

(Refer to “‘SVE135’ Sealed High-Voltage Contac-
tor Having High Overcurrent Withstand Capability” 
on page 174)

4.2  Control devices*9

(1)  Command switches for the Chinese and Asian 
markets

We have developed the “AY22 Series” and 
“DY22 Series” command switches for the Chinese 
and Asian markets in order to meet the increasing 
demand for switches with a φ22 mounting hole (see 
Fig. 9).  The main features are as follows:

*9:  Control device
This type of device is used with low-

voltage control circuits in order to control 

machinery and systems.  In this special is-
sue, these types of devices are referred to 
as operation switches, relays, sensors and 

timers.

(b) “SL40”(a) “SL09”

Fig.7  “SL Series” silent magnetic contactor

Fig.8  “SVE135” sealed high-voltage contactor

(a) “AY22 Series” (b) “DY22 Series”

Fig.9  Command switches (φ22)
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(a)  External appearance that has a luxurious 
feeling

(b)  Modularization of structural parts
(c)  IP2X compliance for the terminal section
(d)  Transformerless LED lamp

(Refer to “‘AY22 Series’ and ‘DY22 Series’ Com-
mand Switches (φ22) for Chinese and Asian Mar-
kets” on page 153)
(2)  Labor saving equipment and wire reducing 

equipment
These types of equipment are already being 

widely adopted in Europe and the United States, 
but there has also been growing demand for labor 
saving and wire reducing equipment in Japan in or-
der to reduce man-hours and simplify control panel 
assembly and maintenance work due to the decline 
in skills owing to the decrease in skilled workers 
and the labor force in general caused by the declin-
ing birthrate and aging population.

(a)  Cost reduction via reduction in man-hours 
needed for board device installation and wir-
ing

(b)  Space savings through panel miniaturization
(c)  Improvement in electrical connection quality 

in wiring work in panels
We have recently developed a screwless ter-

minal technology for control panels.  In addition, 
we have also released to the market a plug-in type 
molded-case circuit-breaker that simultaneously fa-
cilitates product mounting and wiring in power re-
ceiving and distribution boards (Refer to “Screwless 
Terminal Technology and Products that Contribute 
to Panel Manufacturing Labor Savings” on page 
136).

4.3  Medium-voltage electric distribution devices*10

In Japan, we developed and enhanced our line-
up of 2 major models in 2013, which included our 
AC load break switch (LBS) and vacuum circuit-
breaker (VCB).  In the future, we also plan to use 
long-service life grease and improve the tracking 
resistance performance of insulating materials in 
our vacuum magnetic contactors (VMCs) and large 
VCBs that have a breaking current exceeding 20 kA 
in order to meet the demand arising from renewal or 
upgrading.

In overseas markets, medium-voltage power re-
ceiving and distribution panels used in developing 
Southeast Asian countries are required to be com-
pliant with international standards.  In addition to 
complying with Japanese JEC standards and JEM 

standards, compliance with the international stan-
dard IEC 62271 series related to medium-voltage 
switchgears including VCBs is also required in or-
der to ensure a high degree of safety for products.  
In this respect, we have developed 12-kV and 24-kV 
products for the “HS Series” VCB (see Fig. 10).  The 
main features are as follows:

(a)  Insertion and drawing-out mechanism for 
the VCB

(b)  Metal shutter for the main circuit to be used 
during maintenance

(c)  Short-time short-circuit current withstand 
capability of 3 seconds (conventional prod-
ucts are 1 second)

Furthermore, in order to miniaturize the 24-kV 
VCB, Fuji Electric has adopted for the first time a 
solid insulation method for the vacuum valve, which 
has contributed to achieving approximately 40% 
miniaturization by volume when compared with 
conventional air insulation methods (Refer to “IEC 
Standard Compliant Vacuum Circuit-Breaker (12 
kV, 24 kV) for Southeast Asian Markets” on page 
158).

Protective relays and electric indicating in-
struments are used for maintenance and manage-
ment of these types of medium-voltage equipment 
and in the detection of power abnormalities.  Fuji  
Electric has been advancing a model change for its 
“F-MPC60 Series” multifunctional digital relays.  
The model change inherits previous functional-
ity and adopts a new accident waveform recording 
function and color LCD display, while also aiming 
to improve the human-machine interface, maintain 
protective characteristics in compliance with IEC 
standards and support use in international markets 

*10:    Medium-voltage electric distri-
bution device
This is the general term for devices 

that are used in medium-voltage electric 
equipment installed for the purpose of 

safely and stably supplying power provided 
by power companies in accordance with the 
load equipment of utility customers.  These 
include vacuum circuit-breakers, load break 
switches, disconnecting switches, fuses, 

magnetic contactors and protective relays 
from 3.6/7.2 kV to 36 kV.

Fig.10  IEC standard compliant 24-kV VCB
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(see Fig. 11) (Refer to “‘F-MPC60G Series’ Multifunc-
tional Digital Relay Providing High Visibility and 
Operability” on page 163).

4.4  Low-voltage electric distribution devices*11

When many component devices are mounted on 
a control panel such as for a machine tool or manu-
facturing device, the number of control wirings con-
necting the devices becomes massive.  Therefore, in 
order to improve work efficiency and eliminate er-
roneous work, there is high demand for devices that 
have a fast connection terminal configuration that 
does not use screws for wiring connections.

Furthermore, in electric power receiving and 
distribution equipment, it is required that there be 
shortened construction time during equipment ex-
pansion and capacity change, as well as miniatur-
ization of panels.  In this respect, devices are needed 
that reduce man-hours through improved work effi-
ciency and provide space savings for wiring.

Fuji Electric is aiming to not only fulfill these 
requirements, but also “creates high added value 
products” by compiling needs from a vast range of 
sources including existing customers and poten-
tial customers while also implementing preliminary 
verification of concepts and specification through 
prototyping.

During the planning stage of products, we use 
a model board that incorporates prototypes, while 
creating actual customer usage scenarios so that we 
can reflect their specific needs into product concepts.  
For example, we have been advancing in the devel-
opment of electric distribution and control equip-
ment that uses spring terminals.

In addition, power distribution facilities in-
stalled in hospitals and data centers are being 

required to have high power supply reliability.  
Therefore, the wiring protection devices used in 
such facilities requires certain functionality such 
as the suppression of unnecessary operation based 
on superfine protective coordination and prediction 
and alerting in advance of circuit abnormalities 
such as overcurrent and leakage.  Fuji Electric has 
developed the “EX Series” electronic earth leakage 
circuit-breaker equipped with a compact earth leak-
age and measurement unit (see Fig. 12).  The main 
features are as follows:

(a)  Facilitates protective coordination and con-
tributes to improved power supply reliabil-
ity through functions that enable the adjust-
ment of rated current, long and short time 
delays and instantaneous tripping.

(b)  Comes equipped with a measuring function, 
communication function and pre-alarm func-
tion.

(c)  Comes with a MODBUS interface and en-
ables protection and state monitoring in com-
bination with power monitoring equipment.

(d)  Makes upgrading easy since it has the same 
dimensions as the conventional molded-case 
circuit-breaker “BX Series.”

(e)  Comes in 250-A and 630-A frames and 
achieves high breaking performance.

(Refer to “‘EX Series’ Electronic Earth Leakage 
Circuit-Breaker that Contributes to Development of 
Smart Societies” on page 142)

4.5  Power monitoring equipment*12

Similar to Fuji Electric’s Internet of Things 
(IoT) key phrase, “Small, Quick Start & Spiral-Up,” 
industrial IoT often starts with a small-scale sys-
tem, such as one for collecting electricity usage.

*11:    Low-voltage electric distribution 
device
This is a general term for electricity 

protection devices that aim to protect distri-

bution circuits and electric workpieces rated 
at 750 V DC and below and 600 V AC and 
below.  These include air circuit-breakers, 
molded-case circuit-breakers, earth leakage 

circuit-breakers, fuses and circuit protec-
tors.

Fig.11  “F-MPC60G” multifunctional digital relay Fig.12  “EX Series” electronic earth leakage circuit-breaker
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Not only monitor equipment such as lighting 
and air conditioners as before, power monitoring 
equipment are also required to control the equip-
ment automatically for energy saving.  At the same 
time, it is also necessary to switch from demand 
monitoring to demand control (demand response) in 
order to even out power for utility customers.

The new “F-MPC Web unit” (see Fig. 13) is ca-
pable of building a small scale power monitoring 
and energy savings system that is equipped with a 
dedicated Web server for data collection.  Monitor-
ing can be implemented by using a PC web browser 
such as Internet Explorer.  It also employs a config-
uration that is not dependent on the Windows oper-
ating system, thus enabling the use of smartphones 
and tablets.  Furthermore, the hardware interface 
continuously and flexibly supports changes to com-
munication technology through the utilization of a 
USB communications converter (Refer to “‘F-MPC 
Web Unit’ and ‘F-MPC ZEBLA’ for Implementing 
Energy Management Systems” on page 168).

5.  Latest Technologies Supporting Product 
Development

The development of core technologies is indis-
pensable for new product development, and as such, 
we are making use of Japan’s leading short-circuit 
generators, advanced material analysis equipment 
and analysis technologies that utilize cutting-edge 
finite element methods.

5.1  Materials technologies
Requirement specifications for materials used in 

electric distribution, switching and control devices 
are becoming increasingly sophisticated.  For exam-

ple, in order to improve the insulation performance 
of housings and current-carrying components, which 
is indispensable for achieving miniaturization, it is 
necessary to implement actual device verification for 
material compound optimization and application.

Furthermore, it is also necessary to comply with 
environmental regulations in a timely manner.  At 
Fuji Electric, we have been substituting resins used 
in equipment from thermosetting resins to highly 
recyclable thermoplastic resins, while we have also 
been using phosphorus compound materials to cre-
ate non-halogenated fire-retardant resins.  With 
regard to contact materials, in order to comply with 
the use restrictions specified by the RoHS directive, 
we have been pursing the development of cadmium-
free materials and developing materials that im-
prove weldability and suppress temperature rise.  
More recently, we have been promoting measures 
for phthalic acid esters, which are scheduled to be 
regulated by the RoHS directive from 2019 (Refer 
to “Materials Technologies Supporting Electric Dis-
tribution, Switching and Control Devices” on page 
186).

5.2  Simulation technologies
We are improving simulation technologies for 

structures, electromagnetic fields, thermal fluids, 
mechanisms and vibrations and shocks through the 
use of the finite element method and other tech-
niques that use state-of-the-art computers, and 
then have been combining these technologies to 
implement composite simulations.  We have also 
been working to improve calculation accuracy and 
achieve short computation times so that these simu-
lations can be used in actual design studies.  Fur-
thermore, we are aiming to improve optimization 
design and design quality, while achieving ultra-
miniaturization, enhanced performance, and lower 
power consumption for products.

Recently, in order to miniaturize and improve 
the performance of electrical switching devices in 
particular, we have been working to improve the 
accuracy of arc simulation technologies that com-
bine thermo-fluid analysis and electromagnetic field 
analysis.  In addition to calculations that take into 
consideration metal and resin evaporation, as well 
as magnetic field calculations based on the Biot-
Savart law, we have been implementing magnetic 
field calculations in consideration of magnetic ma-
terials that make use of surface current methods in 
order to obtain more consistent calculation results 
and shorter times with regard to actual arc behavior 

*12:  Power monitoring equipment
This is a general term for equipment 

and systems that measure electricity such 
as voltage, current and electric power and 

thus enable monitoring and alerting for the 
purpose of supporting preventive mainte-
nance and energy savings for electric facili-
ties.  These include multifunctional digital 

relays, low-voltage insulation monitoring 
systems, and distribution monitoring units.

Fig.13  New “F-MPC Web unit”
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(Refer to “Simulation Technology Supporting Devel-
opment of Sealed High-Voltage Contactors” on page 
180).

5.3  Evaluation technologies
During the product development of electric dis-

tribution, switching and control devices, we first 
consider actual usage scenarios, and then perform 
the following 4 evaluations to incorporate the re-
sults into product quality.

(a)  Evaluation of narrowed down factors that 
determine product performance

(b)  Evaluation of reliability in consideration of 
usage environments

(c)  Evaluation of interfaces in consideration of 
handling

(d)  Evaluation of characteristics based on prod-
uct specifications

In order to implement these evaluations quickly 
and reliably, we constructed a development evalu-
ation facilities that consolidates our technical de-
partments, thus enabling us to improve evaluation 
efficiency and strengthen facility capability.  These 
evaluation technologies have reached the highest 
industrial levels, and our evaluation test facilities 
have, as a result, acquired certification as Japan’s 
only customer-lab accredited testing laboratory for 
low-voltage products.

In order to respond to customer needs and sup-
ply the market in a timely manner with products 
that combine the most advanced performance and 
quality backed by high reliability, we have been 
working to improve development efficiency by op-
erating our existing facilities more efficiently.  Fur-
thermore, by having our engineers communicate di-
rectly with customers and gather market feedback, 
we have been advancing product evaluation, and 
this has enabled us to develop safe and easy-to-use 
products that give our customers peace of mind (Re-
fer to “Evaluation Technologies Supporting Electric 
Distribution, Switching and Control Devices” on 
page 191).

5.4  Manufacturing technologies
In order to provide customers with products 

that have a consistent quality, we have been devel-
oping production technological capabilities as shown 
below, while also carrying out in-house product as-
sembly and parts processing.
(1)  Welding technology

This is technology for binding together silver, 
copper and iron based materials that make up the 
current-carrying pathway.  In recent years, there 
has been expanding application of laser welding 
with the purpose of achieving miniaturization and 
quality consistency.
(2)  Surface treatment technology

Over the past few years, we have been imple-

menting advanced surface treatment not only for 
preventing rust, but for also applying a thin insulat-
ing coating to the terminal parts of complex shapes.
(3)  Plastic processing technology and molding 

technology
These technologies are for processing metal and 

plastic with increased quality consistency and pro-
ductivity.  We are continuously implementing re-
finement and composition of these technologies.
(4)  Automation technology

We have been pursuing the construction of a 
highly flexible and automated production line in or-
der to correspond to multi-variety small-lot produc-
tion needs.  We are also working to develop a robot 
assembly that can perform manufacturing near hu-
man levels (see Fig. 14).

Manufacturing has been expanding from Ja-
pan to China and now to other areas in Asia, and 
as such, it has become necessary to strengthen lo-
cal design, production and consumption and expand 
worldwide procurement while also implementing 
manufacturing that is cost competitive overseas.  It 
is against this backdrop that our factories in Japan 
have been working on improvements and strength-
ening quality so that they can be like mother facto-
ries that convey manufacturing technologies to over-
seas production bases.

6.  Future Outlook

Up until now, we have been developing and sup-
plying the market with electric distribution, switch-
ing and control devices that correspond to advances 
in factory automation (FA).  Furthermore, we have 
been diligently working to develop these devices, 
sensors and communication modules that make use 
of IoT and support smart factories that integrate all 
equipment and devices inside of factories.  Fuji Elec-
tric’s technology is not limited to hardware, but also 
applies AI technologies and incorporates compound 
modules into devices by combining algorithms and 

Fig.14    Production line of magnetic starters that use double 
armed robots



135Electric Distribution, Switching and Control Devices: Current Status and Future Outlook

is
su

e:
 E

le
ct

ric
 D

is
tri

bu
tio

n,
 S

w
itc

hi
ng

 a
nd

 C
on

tro
l D

ev
ic

es

sensors that enhance prediction and judgment capa-
bilities so that we can offer long-term maintenance-
free systems that provide superior energy savings.

In the future, we intend to continue to utilize 
semiconductor devices and pursue digitization to fa-
cilitate the development of hybrid switching devices 
that combine contacts with Fuji Electric’s silicon 
carbide (SiC) semiconductor elements.  It is esti-
mated that these types of advanced technologies will 
become more important in the future, and as such, 
Fuji Electric plans to strategically use its own ad-
vanced technologies to achieve sustainable growth 
through innovation.

7.  Postscript

In this paper, we introduced product develop-

ment and technical development in relation to Fuji 
Electric’s electric distribution, switching and control 
devices.  Fuji Electric sees the advent of the new era 
of energy management as a megatrend, and in this 
respect, it is aiming to develop new technologies for 
electric distribution, switching and control devices 
through collaboration with customers, communities, 
societies and affiliated companies so that it can con-
tribute to society by continuously providing its cus-
tomers with new value.
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1.  Introduction

Many electric distribution, switching and control 
devices (components) are used as components of con-
trolboards and switchboards.  Fuji Electric has catered 
to ongoing needs regarding components including min-
iaturization, performance enhancement, user interface 
improvement and globalization.  In addition, the recent 
decrease in the number of skilled workers has led to a 
demand for technologies and products that meet the 
growing needs for reduced wiring person-hours, as well 
as skill-free and maintenance-free equipment opera-
tion.

Fuji Electric gathers information about needs di-
rectly from customers to develop products based on 
thorough advance verification of the concept and speci-
fications of new products.

This paper presents a screwless terminal technol-
ogy for control panels based on such advance verifi-
cation and development and a plug-in molded-case 
circuit-breakers capable of being mounted and wired at 
the same time in switchboards.

2.  Understanding of Customer Needs and 
Applying to Product Development

Fuji Electric investigated issues faced by machine 
and board manufacturers, who are the main customers 
using our components.  The results of the investigation 
are as follows:

™ Reduction in purchasing cost of parts and mate-
rials and reduction in assembly time to cut costs

™ Maintenance and improvement of quality
™ Simplification of wiring and elimination of the 

MACHIDA, Noriyoshi *   HAMADA, Yoshinobu *

Screwless Terminal Technology and Products that 
Contribute to Panel Manufacturing Labor Savings

Many electric distribution, switching and control devices are used in controlboards and switchboards.  In recent 
years, the decrease in skilled workers has led to a greater demand for reduced wiring person-hours, as well as main-
tenance-free and skill-free equipment operation.  In order to develop labor saving equipment that meets these needs, 
we carried out customer interviews and surveys and implemented prototyping with the goal of solving their problems.  
As a result, we have developed a screwless terminal technology that contributes to reducing wiring man-hours, while 
miniaturizing the size and improving the ease-of-use, reliability and maintainability of panels.  Furthermore, we have 
also developed a new plug-in circuit-breaker that improves reliability and facilitates convenience in order to meet the 
growing popularity of labor saving plug-in circuit-breakers.

need for maintenance
We have also found the following problems con-

cerning screw terminals used for components in Japan.
(a)  Many wiring person-hours are required.  There 

is a need to loosen a screw terminal, connect 
a crimp contact at the end of the wire, tighten 
with a screw and check the tightening.

(b)  Tightening a terminal screw requires torque 
control.

(c)  Terminal screws become loose as time passes 
and additional tightening is required after the 
board has been transported.

(d)  Screw tightening has to be done by qualified 
personnel.

In order to solve these problems with screw termi-
nals, we built a model control panel that uses compo-
nents in the control and main circuits incorporating an 
idea of a screwless terminal structure.  We then made 
a prototype while carrying out customer interviews 
and surveys.

3.  Family of Products with Screwless Terminals 
Applied and Development Items

3.1  Family of products with screwless terminals applied
Fuji Electric has developed a screwless terminal 

technology, which is particularly desired for compo-
nents in main and control circuits.  Figure 1 shows the 
family of products in the development plan to which 
screwless terminals can be applied.

3.2  Development items of screwless terminal technology
We reviewed customer needs and summarized as 

shown in Fig. 2 the development items of a screwless 
terminal technology that can help to reduce wiring  
person-hours, miniaturize boards and improve ease of 
use, reliability and maintainability.
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As a screwless terminal, we employed a spring 
terminal having a structure in which the wire is held 
by the force of a plate spring.  Spring terminals are al-
ready used for terminal blocks along with screw termi-
nals.  To connect wire to a spring terminal, the end of 
a piece of twisted wire or solid wire is stripped before 
inserting it for connection.  To prevent the strands at 
the end of the twisted wire from coming loose, ferrule 
terminals are mainly used (see Table 1).
(1)  Push-in type product that is easier to wire and use

Spring terminals may be either a push-in or cage 
clamp type.  With a cage clamp type, connection con-
sists of 3 working processes:  insert a tool, insert the 
wire and remove the tool.  With a push-in type, on the 

other hand, only one working process, inserting the 
wire, completes the wiring.  Accordingly, we employed 
a push-in type, which is easier to wire.  In addition, we 
developed a structure that allows one-handed removal 
of the wire by inserting a tool.

Furthermore, each terminal is provided with a 
branch terminal to allow jumper connection.  As the 
terminal arrangement, a common structure of devices 
with insertion holes for wires of multiple poles had 
wire insertion holes arranged in a line, as in relays and 
timer sockets.  This structure, however, had the prob-
lem that it was harder to read indications on marking 
tubes because the tubes were crammed.  Accordingly, 
we adopted a staggered arrangement with the branch-
ing terminals arranged in a zigzag with respect to the 
other terminals (see Fig. 3) to ensure the markings can 
be read easily.

The surface cover with an insertion gauge func-
tion allows a wiring worker to visibly recognize when 
the wire has been inserted.  In response to a request 
from users who use ferrule terminals with an insulat-
ing collar, we located the surface case against insulat-
ing collars in such a way that high visibility of the wire 
is ensured.  A mechanism that changes the load after 
the wire is engaged with the plate spring is provided, 
allowing a wiring worker to recognize that the wire is 
inserted completely.  This mechanism prevent the in-
correct wire insertion
(2)  Contribution to compactness of boards

Customer needs

Model
Main terminal Control terminal

Developed product

Model control panel

(1)

(3), (4)

(5)

(6)

(2)

MCCB, 
ELCB (1) G-Twin Λ Auxiliary, alarm

MMS (2) BM3R Auxiliary, alarm

Contactor (3) SK12 Auxiliary

Thermal 
overload relay (4) TK12

Circuit 
protector (5) CP30F

(6) TP

Auxiliary, alarm

Relay, timer 
socket Socket—

Fig.1    Family of products with screwless terminals in develop-
ment plan

○Reduction in person-hours 
by 40% from conventional 
products

○Wire can be removed and 
attached with one hand

○Need for maintenance 
such as torque control 
and additional 
tightening eliminated

○Electroscopy after wire 
connection made 
possible○Wire connection direction 

made uniform
○Effective use of space on 

front side by ensuring 
front face access

○Use of ferrule terminal 
allowing connection by 1 
action only

○Shared use of 
wire-removing tool

○Insertion gauge function 
allowing visual check of 
connection amount

Control circuit 
terminal

Reduced wiring person-hours Improved reliability 
and maintainability

Smaller boards

Ease of use

Surface 
A

Surface 
B

Insertion gauge function

Main circuit 
terminal

Used to confirm that 
end of insulating 
collar is between 
surfaces A and B (2 
mm level difference)

Fig.2  Development items of screwless terminal technology

Ferrule 
terminal

Ferrule 
terminal

Ferrule 
terminal

Plate 
spring

Plate 
spring

Plate 
spring

Plate 
spring

Con-
duc-
tor

Con-
duc-
tor

Con-
duc-
tor

Con-
duc-
tor

Con-
duc-
tor

Plate 
spring

Con-
duc-
tor

Plate 
spring

Con-
duc-
tor

Plate 
spring

Tool (removed)Tool

Tool Tool Tool (removed)
Twisted 
wire Twisted 

wire

Tool

Twisted wire Solid wire Ferrule terminal

+

Table 1   Characteristics of push-in and cage clamp types

Type
Con-

nected 
wire

Wire insertion work

Tool insertion Wire insertion Tool pullout

Spring 
termi-
nal

Push- 
in

Twisted 
wire

Solid 
wire

None None

Ferrule 
terminal

Cage 
clamp

Twisted 
wire

Solid 
wire

Ferrule 
terminal

Wire used for spring terminal
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Board mounted components have a structure in 
which all wire insertion work is carried out from the 
front face.  This allows the components to be efficiently 
mounted by making effective use of the space on the 
front side.  Making the wire insertion direction uni-
form leads to automated wiring of boards.

In addition, we have employed a structure that 
forces the tool to be inclined by 5 to 10 degrees when 
removing wire to ensure that wire insertion holes are 
visible without being hidden by the handle of the tool 
(see Fig. 4).

4.  Guidelines for Designing Push-In Type Spring 
Terminals

Requirements for a push-in type product include 
reduced contact resistance, ensured wire pullout force, 
and ensured contact reliability such as vibration re-
sistance, shock resistance and overcurrent resistance.  
Increasing the force used to hold the wire (wire-holding 
force) increases the wire insertion force as well.  There 
is also a need to ensure contact reliability by having a 
wire-holding force that does not affect ease of insertion 
in ferrule terminals.

In addition to the existing know-how on contact 
reliability, we accumulated basic data such as the in-
fluence of the wire-holding force on the respective per-
formance of contact resistance, wire insertion force, 
vibration resistance, shock resistance and overcurrent 
resistance and worked out a common design range 
as shown in Fig. 5.  We have clarified that the wire-
holding force on the horizontal axis is proportional to 
the wire insertion force on the vertical axis.  As the up-
per limit of the wire-holding force, we have decided to 
adopt the wire-holding force at the upper limit of the 
wire insertion force that the customers do not feel diffi-
culty in inserting the wire (see Fig. 5 B).  We have also 
found the wire-holding force required for the other re-
spective performances to specify the wire-holding force 
at the lower limit of the range.

4.1  Contact shape and contact resistance of plate spring 
and wire
Figure 6 shows the condition of contact between 

the plate spring, wire and conductor of a push-in type 
product and a cross-section photo after wire insertion.  
The wire material is copper.  If the force pulling up-
ward in the figure acts on the wire, part of the end of 
the stainless steel plate spring bites into the wire to 
function as a locking force.  This provides a structure 
that makes the pullout force several times higher than 
the standard value of the pullout test after a torsion 

Marking tubes too 
close to each other, 
making indications 
difficult to read

For external
For branch

(a) Existing product (b) Product with staggered 
      arrangement of wire insertion holes

Insertion
hole

Wiring
condition

Insertion
hole

Wiring
condition

Wire insertion 
hole

Tool insertion 
hole

Fig.3  Staggered arrangement of relay and timer sockets

Wire

Wire

5 to 10°

90°

Tool

Device

Device

Front

(a) Insertion of wire

(b) Removal of wire

Fig.4  Directions of wire and tool insertion

Wire-holding force required 
for target vibration 
resistance performance

Wire-holding force required 
for target overcurrent 
withstand capability

Wire-holding force 
required for target 
contact resistance

Wire-holding force 
required for target 
shock resistance 
performance

Range of wire-holding force
used as design guideline

Push-in insertion force limit

A B
Wire-holding force

W
ir

e-
in

se
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io
n 

fo
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e

Fig.5  Common design guideline
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contact resistance increases due to sliding between 
contact members.  This is known as fretting phenom-
enon.

Accordingly, as a specification common to the fam-
ily of products including contactors, we have decided 
the wire holding force that does not cause instanta-
neous interruption of the contact or movement of the 
contact to generate sliding even if the wire is subjected 
to vibration or shock.

4.3  Aiming for wire that is easy to insert
To help spring terminals become popular products, 

it must be possible for workers without qualifications 
to insert wire and also ensure they can do it reliably.

Figure 8 shows the result of optimizing the plate 
spring shape and wire insertion force curves.  For the 
optimum plate spring, we adopted a shape determined 
by analysis with an orthogonal table using 8 dimen-
sions to create a plate spring shape [factors A to H in 
the cause and effect diagram shown in Fig. 8 (a)] as 
parameters.  This was followed by selecting and com-
bining the levels of factors that bring about a result 
close to the ideal curve.  For this plate spring, the re-
lationship between the stroke and insertion force for 
wire insertion (wire insertion force curve) shows that 
the insertion force increases when the wire is inserted.  
The maximum insertion force is reached when the wire 
is caught between the plate spring and the conduc-
tor.  After that, part of the end of the plate spring bites 
into the wire as shown in Fig. 6 and the wire is pressed 

test provided for by IEC 60947-1 (Low-voltage switch-
gear and controlgear) and does not allow the wire to 
easily come off as with terminal screws.

For the electrical contact between the plate spring 
and wire, the structure makes the force of the plate 
spring shown by the arrow in Fig. 6 act on the wire in 
the direction in which the plate spring bites so that 
the conductor holds down the wire.  We have also ac-
cumulated data up to now on the relationship between 
the contact pressure and contact resistance of electrical 
contacts.  We have made use of these pieces of data to 
clarify the relationship between the wire holding force 
and contact resistance, which are the most basic data, 
and come up with a design offering stable contact re-
sistance (see Fig. 7).

4.2  Ensuring vibration resistance (fretting) performance 
and shock resistance performance
The operation durability of a contactor that 

switches a current circuit using an electromagnet is 
10 million times.  The device itself generates vibration 
and shock at the time of switching, and it is especially 
important to ensure there is a reliable contact.  If the 
contact is subjected to continuous microvibrations, the 

A in Fig. 5

Wire-holding force

C
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ta
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es
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n
ce

Fig.7    Relationship between wire holding force and contact 
resistance
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shape
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Insertion 
force drops

(b) Plate spring structure optimized
      by quality engineering

(c) Result of analyzing 
optimized shape
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      insertion position
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      wire and plate spring: 70°

70°

Optimum plate spring shape combining user interface* and 
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Fig.8  Optimization of plate spring shape

Plate spring Wire

Wire

Plate
spring

Conductor

(a) Condition of contact (b) Photo of cross-section

Fig.6    Condition of contact between plate spring, wire and 
conductor
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achieved a reduction of approximately 40% in the in-
sertion force from that of the existing models by reduc-
ing the displacement of the contact before and after 
bus insertion to revise the contact point with the bus 
(see Fig. 11).  After ensuring high reliability with this 
improvement, we have enhanced convenience for users.

We also made it easier to mount the blank cover as 
shown in Fig. 12.  Blank covers are used to fill in empty 
spaces provided by adding or changing circuit-breakers 
or gaps between circuit-breakers.  We have changed 
the method of mounting these blank covers from the 
existing screw-in method to one in which special plas-
tic parts are pushed in by hand.  It has not only saved 
the labor for screw tightening but also improved safety 
during maintenance such as by preventing metal parts 

against the conductor while a large friction force is 
generated.  We have specified the maximum insertion 
force to be one that allows the worker to securely hold 
the coated part of the wire and not to feel stress.  For 
subsequent wire insertion, we have provided a load 
change in order to prevent incomplete insertion.

4.4  Ensuring overcurrent withstand capability
A circuit-breaker, which is also a protective device, 

cuts off a large current such as a short-circuit current.  
When large current flows into a contact, the condition 
of a contact may become unstable, increasing the local  
temperature and resulting in a problem of contact 
welding.  We determined the wire holding force that 
does not cause the contact welding between the spring 
terminal and wire while considering various conditions 
of overcurrent such as the cut-off energy and current 
peak.

5.  Labor-Saving Devices in Switchboards

5.1  Bus plug-in mounting breaker
As labor-saving devices used for switchboards, 

bus plug-in mounting breakers(1) have become wide-
spread (see Fig. 9).  Devices for electric distribution 
and switching are used for carrying large currents 
mainly for power circuits.  This means the devices 
must be able to withstand the rated current-carrying 
performance (temperature rise) and short-circuit cur-
rent of circuit-breakers.  For the part connecting to the 
bus, structures using a multi-point contact pressed by 
springs are widely used (see Fig. 10).

However, carrying higher currents requires bigger 
contact and heavier spring load for pressing.  There 
was a challenge that the load for insertion into the 
bus became greater in proportion to contact reliabil-
ity, making mounting difficult with large products.  In 
order to deal with this challenge, Fuji Electric made 
an improvement by reducing the insertion force of 
the medium- to large-size models (400 to 630 AF) of 
the “TWIN Plug (Plug) Series” G-TWIN Bus Plug-In 
Circuit-Breakers.  The new structure adopted has 

Bus

Secondary 
side

Bus joined 
with terminal 
on primary 
side

Bus joined 
with terminal 
on primary 
side

Primary
side
Primary
side

Fig.9  Bus plug-in mounting breaker

Contact with bus

Fig.10  Structure of contact with bus

Before improvement
After improvement

Approx. 
40% reduced

Support plate 
(added)

Position of end 
of connection 
specified to reduce 
displacement 
during insertion

Shape of 
contact with 
bus changed Insertion amount

In
se

rt
io

n
 f

or
ce

Fig.11  Structure to reduce insertion force

Blank cover (live section protection)

Existing model

Screw Screw tightening
 with screwdriver

Labor-saving model

Plastic clip One push

Fig.12  Mounting of blank cover
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This has been made possible by mounting on a board 
a dedicated base for the maximum number of circuits 
connected to provide wiring on the primary and sec-
ondary sides in advance.  This results in a significant 
reduction in the wiring person-hours.  In addition, the 
control circuit provided on the dedicated base also al-
lows series connection using copper bars, which con-
tributes to fewer wiring person-hours.

Furthermore, we are also expanding the line-up of 
devices to be connected to the dedicated base.  We offer 
devices such as molded-case circuit-breakers equipped 
with an earth leakage alarm in addition to general 
small, high-current-limiting circuit-breakers that al-
low selective cutoff coordination with upstream circuit-
breakers.  In this way, we have made the line-up appli-
cable to single-phase circuits in 3-phase 4-wire power 
distribution in data centers and other power distribu-
tion circuits.

6. Postscript

This paper has described the screwless terminal 
technology that contributes to labor-saving production 
of boards and the family of products that apply the 
technology.  We consider that spreading labor-saving 
devices will contribute to the social situation with on-
going labor shortages.  We are committed to continuing 
with technology development and expanding the prod-
uct line-up to meet various customer needs.

Preferences
(1) Okamoto, Y. et al. New Technology of the Global Twin 

Breaker “G-TWIN Series”. FUJI ELECTRIC REVIEW. 
2010, vol.56, no.3, p.97-102.

from falling into live sections.

5.2  Socket plug-in circuit-breaker
Electric power distribution and switching facili-

ties in data centers have rapidly become widespread 
recently.  These facilities must continue to operate 
while servers are added and electric power distribution 
and switching facilities are required to offer a shorter 
power interruption time and shorter work periods 
for the addition.  In order to meet this requirement, 
Fuji Electric has expanded the line-up of socket-type 
2-pole plug-in circuit-breakers for electrical distribu-
tion switchboards for servers (see Fig. 13).

Existing bus plug-in circuit-breakers simplify the 
wiring on the primary side but require wiring on the 
secondary side after a circuit-breaker is installed so 
that loads can be added.  Meanwhile, the socket plug-
in circuit breaker developed can be simply connected 
by inserting a circuit-breaker to when adding loads.  

Molded-case circuit-breaker

Dedicated base

Main circuit connection

Control circuit
connection

Copper bar
Series connection 
with control circuit 
terminal possible

Fig.13  Socket plug-in circuit-breaker
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1.  Introduction

Smart society has been advancing, and the reli-
ability of power supply is greatly required for power 
distribution facilities of public facilities such as hospi-
tals and data centers.  Protection devices used in such 
facilities need to suppress unnecessary operation based 
on superfine protective coordination, detect overcur-
rent, leakage, and other circuit abnormalities, and 
monitor status through measurement and communica-
tions functions. 

In order to meet these requirements, Fuji Electric 
has developed and launched the “EX Series” electronic 
earth leakage circuit-breaker equipped with a compact 
earth leakage and measurement unit. 

2.  Development Background and Features of 
“EX Series”

Figure 1 chows a comparison between the recently 
developed EX Series electronic earth leakage circuit-
breaker and the previous “BX Series”. 

There has also been demand for greater reduction 
in sizes for switchboards in Japan, and as a basic con-
cept, Fuji Electric’s molded-case circuit-breaker and 
earth leakage circuit-breaker have the same external 
dimensions (TWIN).  However, the BX Series cannot 
have “TWIN” dimensions, that is, it has a larger set-
ting area than a molded-case circuit-breaker because 
it performs earth leakage protection by combining an 
externally mounted earth leakage module.  Outside Ja-
pan, earth leakage modules are widely used.  Though 
they are not required to have the same external dimen-
sions as a molded-case circuit-breaker, small earth 

SATO, Yutaka *   HASHIMOTO, Takashi *   HOSOOKA, Yohei *

“EX Series” Electronic Earth Leakage Circuit-Breaker 
that Contributes to Development of Smart Societies

The development of smart societies requires power distribution facility to have high power supply reliability.  Pro-
tective devices used in the facility are required to suppress unnecessary operation and indicate the conditions via 
measurement and communication functions.  In order to meet these demands, we have developed the “EX Series” 
electronic earth leakage circuit-breaker.  It utilizes various technologies including structural design technology for opti-
mum placement of sensors and conductors, leakage detection technology based on a zero-phase current transformer 
and electronic circuit design technology that improves noise immunity.  This electronic earth leakage circuit-breaker 
has the same external size as a molded-case circuit-breaker, reducing installation area by 30% when compared with 
setups that incorporate a leakage module.  This can save the installation space of switchboards.

leakage breaker will benefit with reduction in setting 
area.

Therefore, the electronic earth leakage circuit-
breaker has the same external dimensions as molded-
case circuit-breakers, and this contributes to switch-
board space savings because the setting area has been 
reduced by 30% when compared with units that incor-
porate an earth leakage module. 

Table 1 shows the basic specifications and product 

Previous product
BX250 + earth leakage

module

Earth
leakage
module

W105 × H236 × D86

W105 × H161 × D86

30% setting area
reduction

Developed product
EX250

 (Unit: mm)

Fig.1  Comparison of BX250 and EX250

Table 1  Basic specifications and line-up

Item Specification

Frame size (AF) 250 400 630

Rated current (A)  Adjust-
able 115 to 250 160 to 400 250 to 570

Poles 3, 4

Rated voltage AC (V) 200 to 440
Rated breaking 
capacity (kA)
Icu/Ics

400 V AC 70/70

230 V AC 100/100

Leakage sensitivity cur-
rent (mA)

30 (fixed type), 100 to 5,000 
(adjustable type)
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line-up.  The product’s frame sizes are 250 AF, 400 AF 
and 630 AF, the number of poles are 3-pole and 4-pole 
and the maximum rated breaking capacity is 400 V/ 
70 kA.  The detection unit includes general-purpose 
models and high-functionality models.  The main fea-
tures are as follows:
(1)  Features common to both the general-purpose 

models and high-functionality models
(a)  Adjustable rated current and tripping current 

functions
(b)  Adjustable leakage sensitivity current of the 

range from 100 to 5,000 mA
(c)  Line-up of circuit-breakers with a leakage alarm

(2)  Features only available with the high-functional-
ity models

(a)  Measurement and communications functions, 
and pre-alarm settings

(b)  Equipped with a MODBUS interface
The leakage sensitivity current has a maximum 

value of 5,000 mA, which is greater than the 1,000 mA 
value of the previous product and can be adjusted ac-
cording to application.  Circuit-breakers with a leak-
age alarm are suitable when avoiding abrupt power 
outage because they only raise an alarm without 
tripping when detecting current leakage.  The high- 
functionality models are equipped with a MODBUS*1 
communications interface, and as a result, status 
monitoring can be implemented for the earth leakage 
circuit-breakers via power monitoring equipment by 
transmitting current, voltage and power data. 

3.  Product Structure and Characteristics

3.1  Optimum placement of sensors and conductors
Unlike molded-case circuit-breakers, an earth 

leakage circuit-breaker is equipped with sensors and 
control circuits for detecting a leakage current.  The 
sensor of this product uses a zero-phase current trans-
former (ZCT).  Typical current transformers (CT) pos-
sess functions for detecting phase current by passing 
each conductor in each phase.  However, for the ZCT, 
all conductors of all phases of the main circuit are 
passed through and output signals are sent based on 
the vector composition sum of the forward path current 
and return path current.  The principles of the ZCT are 
shown in Fig. 2. 

The vector sum of the forward path current and re-
turn path current passing through a ZCT is zero when 
the circuit is in its normal, healthy condition.  The 
magnetic flux generated in the iron cores of a ZCT can-
cel each other out, and as such, no output is generated 
to the secondary coil of the ZCT.  On the other hand, 
when an abnormality occurs in the circuit, the vector 
composition sum of the forward path current and re-
turn path current does not equal zero.  As a result, a 

magnetic flux is generated in the iron cores of the ZCT 
and output is generated to the secondary coil of the 
ZCT. 

Figure 3 shows the overall structure and detection 
unit of the BX250.  With regard to the development 
concept, we decided to inherit the breaking unit, which 
cuts off short-circuit current, from the previous BX250 
and develop only the detection unit by adding the func-
tion of detecting leakage current.  Furthermore, the 
breaking unit occupies 70% of the entire volume, while 
the detection unit for detecting overcurrent and imple-
menting the trip occupies 30%. 

In order to implement leakage detection, the ZCT 
is added, and based on the principles described in Fig. 
2, the conductors of all 4 poles need to pass through 
the ZCT.  In order to arrange these structures in 30% 
of the entire breaker, the basic structure of the conduc-
tors and the structure of the CT were redesigned as 
shown in Fig. 4. 

The previous molded-case circuit-breaker was con-

Ry
ZCT

IL

IL

L

φL

φL

(a) Healthy state

Ry
ZCT

IL + I g

I g

i g

IL

L

φLφg

φL

(b) Ground fault occurrence

Fig.2  Principles of ZCT

*1:    MODBUS is a trademark or registered trademark of 
Schneider Automation, Inc.

Current 
detection CT

Detection unit
(subject of 
the present

development)

Breaking unit

(a) Overall structure (b) Detection unit

Fig.3  BX250 overall structure and detection unit
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figured to pass each conductor of each phase through 
the current detection CT as shown at the top of Fig. 4.  
On the other hand, the recently developed earth leakage  
circuit-breaker needed to be compactly assembly so as 
to pass the conductors of all phases through the ZCT 
within the same amount of space as a molded-case 
circuit-breaker. 

Therefore, the EX Series product passes multi-
component conductors through the ZCT and then joins 
the conductors by laser welding.  Furthermore, insula-
tion coating processing is performed to ensure insula-
tion between the complex conductors. 

Moreover, it is necessary to prevent electronic 
part degradation due to heat generated by the con-
ductors during operation, as well as temperature rise 
at portions with which wires are connected, such as 
terminals.  In order to suppress the temperature rise 
in conductors during operation, we optimized the con-
ductor cross-section area by determining the locations 
where temperature partially increases high by tem-
perature analysis.  In particular, in phases with a long 
conductor conduction path, temperatures will inevita-
bly increase by a large degree; therefore, we minimize 
temperature rise by increasing the cross-section area 
of the conductors.  Figure 5 shows the results of the 
temperature analysis for the components taken the 
countermeasures. 

Furthermore, we do not use brazing materials, 
which are commonly used as welding materials for 
joining conductors, but rather, join the conductors di-
rectly to minimize the rise in the resistance values at 
the joints.  These measures suppress temperature rise 
when electric currents are applied to a value below the 
targeted upper limited as shown in Fig. 6. 

3.2  ZCT structure and characteristics
(1)  Basic structure of the ZCT

The structure of the ZCT is shown in Fig. 7.  The 
shields arranged at the inner and outer peripheries of 
the core and the winding, as well as those arranged at 
the top and bottom, possess a function for shielding the 
magnetic noise generated from outside the ZCT.  They 
greatly contribute to the equilibrium characteristic as 
described later. 

Previous product BX250

Developed product 
EX250

Current detection CT

ZCT

Laser bonding
(red line part)

Insulation
treatment
(gray part)

Current 
detection CT

Current 
detection CT

Conductor

Conductor

Fig.4  Comparison of BX250 and EX250 conductor structure

Temperature
rise value

Large

Small

Fig.5 Results of temperature analysis

R-phase (analysis)

Plot:  Measurement value
Dashed line:  Analysis results

S-phase (analysis)
T-phase (analysis)

R-phase (measured)
S-phase (measured)
T-phase (measured)
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T
em
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e 
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(K
)

Fig.6  Results of temperature rise test

Top shield

Inner periphery shield

Core + winding

Outer periphery 
shield

Bottom shield

Fig.7  Structural drawing of ZCT



145“EX Series” Electronic Earth Leakage Circuit-Breaker that Contributes to Development of Smart Societies

is
su

e:
 E

le
ct

ric
 D

is
tri

bu
tio

n,
 S

w
itc

hi
ng

 a
nd

 C
on

tro
l D

ev
ic

es

3.3  Electronic circuit structure and characteristics
(1)  Required functions and board structure

Compared with the current BX Series, the EX  
Series has additional circuit shown in Fig. 12 to fulfill 
the requirements of the IEC standard and provide a  
leakage detection function. 

The ZCT input circuit digitally converts the output 
voltage of the ZCT and the IC controls operation ac-
cording to a set value of leakage current.  The 3-phase 
power circuit additionally need to have a switching 

(2)  Earth leakage detection characteristic of ZCT
As mentioned in Chapter 2, the lower limit for the 

leakage detection range of the EX Series is 30 mA, 
which is the same as the previous product.  The upper 
limit is 5,000 mA, which is larger than the 1,000 mA 
of the previous product, thus greatly expanding the 
detection range.  Since the core utilizes magnetic ma-
terials, an increase in leakage current tends to cause 
output voltage saturation due to magnetic saturation.  
Therefore, we improved this characteristics, as shown 
in Fig. 8, by increasing the saturation magnetic flux 
density of the core materials. 
(3)  Equilibrium characteristics of ZCT

In the case of ordinary alternating current, ZCT 
output will not occur, in principle, in a state in which 
the current vector sum of the phases is zero.  However, 
as the electric current is increased to several kA, out-
put will occur and the earth leakage circuit-breaker 
will operate.  The inoperative overcurrent limit value 
of the earth leakage circuit-breaker at this balanced 
load is called equilibrium characteristics. 

It is thought that the reason for this occurrence of 
output is due to the inflow of noise to the core caused 
by the magnetic saturation generated by the ZCT 
shields.  The source of the noise is due to the magnetic 
field generated by current, other than at locations 
where electricity passes through the ZCT, as shown in 
Fig. 9. 

This phenomenon was largely influenced by the 
magnetic field generated by the current that flows to 
the folded-shaped part of the hole-through conductor, 
which was formed for miniaturization, mounted in the 
vicinity of the ZCT.  The constraints on other parts 
and space prevent the ZCT from sufficiently separate 
the conductors of the folded part from.  Accordingly, a 
magnetic shield is utilized as a countermeasure.  We 
performed magnetic field analysis as shown in Fig. 10 
and improved the equilibrium characteristics by thick-
ening the magnetic shield at locations where magnetic 
field noise enters (see Fig. 11). 

Conductor folded 
part (source of 
magnetic field 
noise)

ZCT

Conductor 
feedthrough 
part (when 
output 
composition 
is zero)

Fig.9  Structural drawing of ZCT and conductor folded part

Source 
of noise 
infiltration

Core

Magnetic field
High

Low

Fig.10  Analysis results of ZCT equilibrium characteristic
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Fig.8  Output characteristic diagram of ZCT
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Fig.11  Improvement of ZCT equilibrium characteristic
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We discovered the noise immunity weak points and 
took the following countermeasures. 

(a)  Revised the board plane structure and prepared 
a solid pattern GND plane*2. 

(b)  Set the GND plane on the outer periphery of the 
board and made connection with a GND plane 
on another layer using a VIA*3 to reduce the 
noise emitted from the outer periphery of the 
board. 

(c)  Set the VIA intervals on the outer periphery to 5 
mm or less to improve radiation electromagnetic 
field resistance and have sufficient noise immu-
nity for a 3-GHz band. 

Figure 14 shows the illustration of the counter-
measures based on the GND plane changes.  We also 
implemented other measures such as the addition of a 
filter circuit to achieve the target performance. 

4.  Postscript

In this paper, we introduced the “EX Series” elec-
tronic earth leakage circuit-breaker that contributes to 
the development of smart societies. 

In the future, protective devices such as circuit-
breakers are also expected to become more intelligent 

power supply circuit with a power transformer because 
it is demanded to supply power from main circuits to 
electronic circuits to secure operation at between 200 
and 440 V. 

The EX Series needs to add the above described 
circuit into the same space as the previous product.  
We successfully incorporate the additional functional-
ity into the specified space by utilizing all of the previ-
ous dead space and adopting an optimized layout and 
smaller parts. 
(2)  Noise resistance performance requirements and 

countermeasures
Currently, there has been an increase in the use 

of wireless devices due to demands for wiring-saving 
and the spread of smartphones.  Accordingly, devices 
are required to be robust to eliminate unnecessary op-
eration caused by radio wave noise.  Therefore, some 
of the items shown in Table 2 (the shaded parts) use 
product specifications with stricter criteria than the 
IEC standard. 

When completing the pattern design, we first per-
formed the analysis to determine where is weakest 
point with respect to noise.  Figure 13 shows the results 
of the noise immunity analysis.  This is a contour dia-
gram to show the peak of the potential difference during 
frequency changes when radio wave noise is applied. 

Measure-
ment CT

ZCT ZCT
input
circuit

Communi-
cations

Leakage
setting

:  Newly added

Overcurrent
setting LCD display

Trip operation

Voltage
measure-

ment

3-phase
power
circuit

IC based
operation

control

CPU
operation
processing

Trip
control

Power 
supply CT

Fig.12  EX Series operation block diagram

Table 2  Noise immunity related product specifications

Immunity test 
content IEC standard Product specification

Electrostatic  
discharge

8 kV:  Aerial discharge
8 kV:  Contact discharge

Radiated radio 
frequency elec-
tromagnetic field

10 V/m 80 MHz to 
2 GHz

20 V/m 80 MHz to 
3 GHz 

Electrical fast 
transient burst

Power supply port:  4 kV
Signal port:  2 kV

Surge
Power supply  Conductor to ground: 4 kV
port Inter-line: 4 kV
Signal port:  2 kV

Conduction  
interference

10 V 150 kHz to 
80 MHz

20 V 150 kHz to 
80 MHz

 :  Criteria stricter than IEC standard

Potential
difference

Large

Small

Fig.13  Noise immunity analysis results

Placement of GND plane in the outer periphery of the board

Sur-
face 
layer

Change to a solid pattern GND plane

Inner 
layer

Fig.14  Measures against GND plane change

*2:   GND plane:  This refers to the low impedance layer made 
of copper that continues to one side of a double-sided 
board or one layer of a multilayer board

*3:   VIA:  This refers to the holes used for conduction between 
layers of the board
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as IoT advances.  We will utilize the currently applied 
technology to pursue further development. 
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1.  Introduction

A circuit protector has both the functions of power 
switch and overcurrent protection to protect equipment 
and used to protect equipment mounted in a control-
board and to switch on and off small capacity equip-
ment.

Fuji Electric launched its popular “CP-F Series” in 
1993 as a circuit protector for control circuits.  How-
ever, due to the increasing need for diversification and 
sophistication in recent years, we have developed and 
released the compact “CP30F Series” circuit protector 
for improving safety and wiring workability(1) (see Fig. 
1). 

2.  Operating Characteristics of Circuit 
Protectors

Figure 2 shows the operating characteristics of a 
circuit protector.  The basic conditions for circuit pro-
tectors to protect loading equipment against overcur-

EMURA, Takeshi *

“CP30F Series” Circuit Protector for Improving 
Safety and Wiring Workability

A circuit protector is a circuit-breaker that possesses both overcurrent protection and switch functions.  Fuji 
Electric has developed the “CP30F Series” small circuit protector, which contributes to improving safety and wiring 
workability.  It adopts a screw lift-up structure where its washer and terminal screw lift up when the terminal screw is 
loosened, and they are supported by its case and cover.  It also utilizes an IP20 structure where the outside of the 
terminal screw is enclosed by the case and cover, ensuring that the fingertips of operators cannot touch the live part.  
This has made it possible to reduce the procedures required in wiring work from 6 steps to 2 steps, while also reduc-
ing the volume and footprint by 20%.

rent are as follows:
(a)  The operating characteristics of the overcurrent 

protector must be below the damage characteris-
tics of the object being protected.

(b)  Unnecessary operation must not be caused by 
inrush current generated during normal opera-
tion of the load device.

(c)  Breaking performance must exceed the short-
circuit current of a circuit.

In order to ensure protection according to the 
characteristics of a load device, a circuit protector is 
selected in terms of the following three operating char-
acteristics: 
(1)  Long time delay tripping type

Long time delay operating characteristics are se-
lected to avoid unnecessary operation caused by a flow 
of inrush current several times larger than the total 
load current when the load is an induction motor or so-
lenoid coil
(2)  Medium time delay tripping type

Medium time delay operating characteristics are 
selected to protect wires used in control circuits, as 
well as load equipment in which large overcurrent does 
not occur, including sequence control circuits using re-
lays and other control devices, heater circuits and ma-
nipulation circuits. 
(3)  Instantaneous tripping type

Instantaneous type operating characteristics are 
selected to protect semiconductor elements such as 
thyristors and diodes from overcurrent because the 
overcurrent capability of elements is small. 

For more suitable characteristics, a delay unit can 
be added to the long time delay and medium time de-
lay types to prevent malfunction due to instantaneous 
inrush current. 

(a) CP30F Series (b) CP-F Series (previous product)

Fig.1  “CP30F Series” circuit protector
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3.  Requirements for Circuit Protectors

As shown in Fig. 3, there are basically three types 
of circuit protector applications depending on the re-
quirement as follows:. 

(a)  Control circuits:  Overcurrent protection of 
equipment control panels for semiconductor 
manufacturing equipment and machine tools.

(b)  Computer circuits:  Overcurrent protection of 
power supplies for computer peripheral devices 
and communications devices.

(c)  OA and consumer appliances:  Overcurrent pro-
tection of power supplies for photocopy machines 
and portable generators.

4.  New Circuit Protector

4.1  Development goals
In addition to common circuit protection require-

ments such as compliance with national standards of 
each country, reduction in size, overall cost efficiency 
and short delivery periods, circuit protectors for control 
circuits need to be excellent in design for circuits used 
in OA, consumer appliances and computers and having 
high inrush current capabilities, while also enhanc-
ing safety, providing AC/DC common-use and offer-
ing compatibility with special environments.  To meet 
these needs, Fuji Electric developed the CP30F Series. 

4.2  Specifications
Table 1 shows the main specifications of the CP30F 

Max. value
(DC)

Min. value (AC, DC)

Max. 
value
 (AC)

0.1

0.01

1

10

1

10

min.

sec.

0.1

0.01

1

10

1

10

min.

sec.

Current (Multiples of rated current)

Max. value (AC, DC)

Min. value (AC, DC)

Current (Multiples of rated current)

(c) Instantaneous type (I)(b) Medium time delay (M)

Max. value
(DC)

Max. 
value
 (AC)

Min. value (AC, DC)

1 10 100 1 10 100 1 10 100

Current (Multiples of rated current)

(a) Long time delay tripping (S)

0.1

0.01

1

10

1

10

min.

sec.
Total fault

cleaning time
Total fault

cleaning time
Total fault

cleaning time

Fig.2  Operating characteristics (50/60 Hz AC, DC compatible)

For control circuits

For OA and consumer appliances For computer circuits

●Safety improvement 
　(live section protection)
●AC/DC compatible
●Specifications for special 
　environment 
○High voltage products

●Sophisticated 
　design
●Clear 
　display

●Inrush current 
　capability 
　　improvement

●Compliance 
　with national 
　standards
●Miniaturization
●Total cost reduction 
　(labor saving)
●Short delivery period

○Mounting on printed 
　circuit board equipable
○Single function
○Safety improvement 
　 (insulation perfor-
　　　mance)

○Fuse 
　alternatives
○Illuminated 
　system
　○Earth leakage 
　　protection
　○Simple operation

○Rated current 
　expansion
○High frequency 
　response

●CP30F 
　incorporated 
　needs

Fig.3  Circuit protector applications and needs

Table 1  Main specifications for “CP30F Series”

Item CP30F Series CP-F Series 
(previous product)

No. of poles 1, 2, 3 1, 2, 3

External di-
mensions

W17.5 ×  H73 ×  D66
(mm)

W17.5 ×  H92.6 ×  D65
(mm)

Rated opera-
tional voltage

250 V AC
65 V DC

240 V AC
60 V DC

Rated cur-
rent 0.1 to 30 A 0.1 to 30 A

Breaking 
capacity 2.5 kA 2.5 kA

Operating 
characteris-
tics

Long time delay, 
medium time delay, 

instantaneous

Long time delay, 
medium time delay, 

instantaneous

Delay charac-
teristics

8 ms, 20-times non-
operating

8 ms, 15-times non-
operating

T
er

m
in

al Main 
circuit

25 A or more:  M5
20 A or less:  M4

Screw lift-up

25 A or more:  M5
20 A or less:  M4

Self lift-up

Auxiliary 
circuit

M3.5
Self lift-up

M3.5
Self lift-up

Certified 
standards

IEC, CCC, UL/CSA, 
KC and PSE (JIS)

IEC, CCC, UL/CSA 
and PSE (JIS)
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Series.  

4.3  Features and structure
The main features and structure of the CP30F Se-

ries are as follows: 
(1)  Enhanced safety and wiring workability for the 

terminal section
As shown in Fig. 4, the CP30F Series adopts a 

screw lift-up structure in which its washer and termi-
nal screw lift up by the force of the spring that is set 
on the washer when the terminal screw is loosened.  
This construction allows the terminal strips to connect 
a wire with a round crimp terminal without removing 
the terminal screw.  Furthermore, as shown in Fig. 5, 
the main unit case has a function as a terminal cover 
with IP20 structure, covering the terminal screw on 
the outer periphery, to prevent workers from touching 
the live section.  Wiring or retightening the screw thus 
do not need removing the terminal cover. 

This has resulted in a reduction in both volume 
and occupied area by 20%.  Moreover, as shown in 
Table 2, the CP30F Series needs 2 processes in wiring, 
while previous product, 6 processes, improving work-
ability. 

The previous product has 2 auxiliary circuit termi-
nals on the right and left sides, and the main circuit 

terminal and auxiliary circuit terminals need wiring 
in order.  In addition, auxiliary wiring interferes with 
retightening the main circuit terminal when mainte-
nance work.  In contrast, the CP30F Series have an 
integrated auxiliary circuit terminal positioned on the 
right side as shown in Fig. 6, thus making it unneces-
sary to consider the order of the main circuit terminal 
and auxiliary circuit terminal for wiring and retighten-
ing.  This structure facilitates wiring work and main 
circuit terminal retightening work.  Furthermore, it 
comes standard with a terminal cover for the auxiliary 
circuit terminal, which was an option with the previ-
ous product, to enhance safety. 
(2)  Miniaturization of breaking mechanism 

As shown in Fig. 7, the previous product secured 
breaking performance by lengthening the contact sepa-
ration distance between the contacts to increase arc re-
sistance and thereby extinguish arc.  As shown in Fig. 
8, the CP30F Series has the iron terminal strips that 
parallel with the iron grid to meet the requirement 
of three breakings without a backup fuse specified in 
the IEC standards and UL standards while achieving 
miniaturization..  The arc generated between contacts 
at opening is drawn downward by Lorentz force and 
magnetic force, and it then moves (commutates) to 
the fixed contact mount and terminal strip, which are 

(a) At shipping (b) Process (1) (c) Process (2)

Screw is loosened (1) Putting a crimp 
     terminal on the 
     terminal strip

(2) Tightening the 
      screw

Fig.4  Screw lift-up structure

Terminal strip 
(live section)

Terminal 
screw 
(live section)

Case cover

Fig.5  IP20 structure

Table 2  Process required for wiring main circuit terminal

Operation details CP30F Series CP-F Series (previ-
ous product)

Loosening of screw — (1)

Removal of screw — (2)

Fitting of screw with 
crimp terminal — (3)

Putting a crimp terminal 
on a terminal strip (1) (4)

Tightening a screw (2) (5)

Attachment of terminal 
cover — (6)

Enables 
retightening of 
main circuit 
terminal with the 
auxiliary circuit 
connected

Main circuit 
terminal

Main circuit
terminal

Auxiliary 
circuit terminal Auxiliary 

circuit 
terminal

(a) CP30F Series (b) CP-F Series (previous product)

Fig.6    Positional relationship of main circuit terminal and auxil-
iary circuit terminals
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match up the shape of the hole for pulling the slider 
with the shape of a screwdriver used for loosening the 
terminal screw. 
(5)  Combining design and functionality

In order to achieve an attractive design, we have 
selected light gray in color and adopted a curved sur-
face in shape for the main body.  The ON, OFF and 
TRIP indications are designed based on the same 
design rules as Fuji Electric’s circuit-breakers.  As 
shown in Fig. 10, when trip occurs, the handle stops 
at a intermediate position between ON and OFF, and 
both nameplate colors for ON and OFF are displayed, 
making it easy to identify.  We also improved visibility 
by enlarging the display area and character size.  Fur-
thermore, we have also improved the design of not only 
the product, but also the package box. 
(6)  Globalization

The circuit protectors are certified to major Japa-
nese and overseas standards, including IEC, CCC, 
UL/CSA, KC and PSE (JIS), so that we can provide 
the Japanese and overseas markets with our standard 
ones with the same specifications. 

4.4  Manufacturing
The CP30F Series consists of a combination of 13 

positioned away from the contacts.  Arc resistance in-
creases by the cooling effect of the metal components, 
and this in turn, extinguishes the arc.  As a result, 
breaking performance is secured by reducing contact 
separation distance between the contacts. 
(3)  Improvement of delay characteristics

Delay characteristics are the characteristics that 
prevent malfunction by improving withstand value 
against inrush current.  In the field of mechanical con-
trol, electronic circuits contain many capacitive loads, 
and the challenge is to increase delay characteristics 
while maintaining normal operating characteristics.  
In order to meet this challenge, we use the structure as 
shown in Fig. 9.  When an inrush current flows in the 
coil and the armature rotates toward the pole piece, in 
turn, the inertia wheel fitted to the armature rotates.  
This movement increases the magnetic force needed to 
move the armature.  This mechanism improves delay 
characteristics to 20 times the rated current for 8-ms 
inrush current, compared to 15 times that for the pre-
vious product.  
(4)  Ease of removal

For removing the CP30F Series from the DIN rail, 
we took into consideration the user interface so as to 

Contact

Arc at opening

Fig.7  “CP-F Series” breaking mechanism

Contacts

Terminal strip

Grid

Fixed contact mount

Arc at 
opening

Moved arc

Fig.8  “CP30F Series” breaking mechanism

Armature

Inertia wheel

Pole piece

Coil

Fig.9  Delay device

At ON At OFF At TRIP

Easy 
identifi-
cation

Fig.10  ON, OFF and TRIP indications
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quired.  To meet this requirement, as shown in Fig. 11, 
we make the product consist of mechanical components 
that involve functions, such as opening and closing, 
breaking and tripping, as well as accessories.  By put-
ting the components together at the main body assem-
bly process, the manufacturing system shortens the 
main unit assembly process time and provides various 
products in a short period of time. 

5.  Postscript

In this paper, we introduced the “CP30F Series” 
circuit protector for improving safety and wiring work-
ability.  The requirements for circuit protectors are 
becoming more diverse and sophisticated.  We will con-
tinue to work to enhance products and improve their 
application technology so that we can meet the various 
needs as a comprehensive manufacturer of circuit pro-
tectors. 

References
(1) Emura, T. Circuit Protector “CP30F Series”. FUJI 

ELECTRIC REVIEW. 2015, vol.61, no.4, p.288-290.

types of rated current, 5 kinds of operating characteris-
tics and 3 types of pole numbers in its standard speci-
fications, equating to 195 total combinations.  In addi-
tion, it comes with 4 types of accessories, thus making 
it a variable product with about 1,000 different combi-
nations depending on the use of accessories.  Further-
more, the short delivery times for the products are re-

Opening 
and 
closing 
mechanism

Opening 
and 
closing 
mechanism

AccessoriesAccessories

Tripping
mechanism

Tripping
mechanism

Breaking 
mechanism 
Breaking 
mechanism 

Fig.11  “CP30F Series” mechanical components
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1.  Introduction

One role of operation switches and pilot lamps 
used in various pieces of machinery and equipment is 
to ensure prompt and accurate information communi-
cation between humans and machines.  Fuji Electric 
offers various operation switches and pilot lamps un-
der the product name of “command switches,” and they 
have been received favorably.

As the diameter of mounting holes of command 
switches, IEC standards specify φ16, φ22 and φ30, and 
mounting holes of φ22 are often used outside Japan, 
especially in China and Asia.  This paper describes 
the features of the “AY22 Series” and “DY22 Series” 
φ22 command switches developed for the Chinese and 
Asian markets, which are expanding to larger degrees 
than the Japanese market and expected to continue to 
grow.  It also describes the technology of the transfor-
merless LED lamps employed to achieve smaller sizes 
and lower prices.

2.  Background to Development

Operation switches used in China come into three 
types:  products offered by foreign manufacturers (im-
ported products), products produced by foreign com-
panies that expanded their business to China (locally 
produced products), and products produced by Chinese 
manufacturers (Chinese manufacturers’ products).

For control panels exported from China, which 
are required to offer high quality, Fuji Electric pro-
vides the standard “AR22 Series” and “DR22 Series” 
products as in the past.  As locally produced prod-
ucts, which are seeing greater demand along with 

TAKANO, Yoshihiro *   INOUE, Tatsuyuki *   YAMADA, Takashi *

“AY22 Series” and “DY22 Series” Command 
Switches (φ22) for Chinese and Asian Markets

The diameter of the mounting holes of command switches comply with IEC standards: φ16, φ22 and φ30.  Com-
mand switches have been more greatly expanding in China and Asia than in the Japanese market, and φ22 mount-
ing holes are mainly used.  Fuji Electric has offered “AY22 Series” and “DY22 Series” φ22 command switches for 
the Chinese and Asian markets.  These series adopt a modular structure that enables a high-grade appearance and 
flexible combinations.  We have also developed transformerless LED lamps for illuminated products that have small 
sizes with low prices.  The standard terminal structure of those are conforms to the IEC protective structure standard 
(IP2X) to improve safety.  

the expansion of the market in China, φ16 command 
switches are already marketed.  In order to also meet 
the demand for φ22 products, we have developed these 
series intended for the Chinese and Asian markets and 
expanded the line-up.

3.  Features of “AY22 Series” and “DY22 Series”

Figure 1 shows the external appearance of the 
AY22 Series and DY22 Series. 

3.1  External appearance and structure
In addition to the mounting hole diameter of φ22, 

these series have adopted a high-grade appearance, 
which is in high demand, and a modular structure 
that allows flexible combinations to meet the needs for 
safety and miniaturization.
(1)  High-grade appearance

Recently, operation panels for export from China 
have been required to offer a good aesthetic design and 
the demand for high-grade appearances is strong in 

Fig.1  “AY22 Series” and “DY22 Series”
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China.  To meet this demand, we have added models 
with silver metallic peripheries of buttons that are vis-
ible on the panel surface.  For these models, the plastic 
parts have been painted in silver with the matte me-
tallic texture surface, giving an appearance that easily 
matches metal panels (see Fig. 2).
(2)  Modular structure

For the Japanese market, we deliver operation 
switches with the basic configuration of an operator, 
contact block and light.  For markets outside Japan, 
customers often combine them flexibly according to 
the application.  Accordingly, we have modularized the 
components.
(3) Protective structure of terminal section (IP2X)

As the protective structure of the terminal section, 
IP2X (protection that prevents anyone from putting 
their fingers inside), which is handled as special mod-
els in the Japanese market, has been employed as the 
standard specification for the Chinese and Asian mar-
kets.
(4)  Transformerless LED lamps

In order to achieve smaller sizes and lower prices 
of products, we have used transformerless LED lamps 
for models with LED lamps.

3.2  Main features
Table 1 shows the specifications of the AY22 Series 

and DY22 Series.

4.  Transformerless LED Lamps

LED lamps mounted in command switches may be 
of a full voltage type that draws power directly from 
the power supply (lamp operational voltage ≤24 V) or 
of a transformer type connected with the power supply 
through a dedicated transformer (input voltage >100 
V).  The transformer type had a drawback because it 
made the product size larger.  With LED elements, 
luminous efficiency has been improving and many 
products have recently come on the market that gener-
ate less heat while satisfying the brightness require-
ment with a small current.  We have taken advantage 
of these and used a resistor to decrease the voltage to 
realize a transformerless type, thereby successfully 
making product sizes smaller.  In addition, we have 
attempted to reduce costs by procuring LED lamps lo-
cally.

4.1  Miniaturization
For illuminated pushbutton switches and pilot 

lamps, we have used transformerless LED lamps to re-
duce the depth of the panel by 21 mm to 40 mm for il-
luminated pushbutton switches (1-contact models) and 
by 22.5 mm to 38.5 mm for pilot lamps (see Fig. 3).

Adopting these pushbutton switches and pilot 
lamps not only eliminates the need for a separate 
transformer but also reduces wiring, leading to a lower 
cost for customer equipment.

4.2  LED lamps
For procurement in China, we surveyed more than 

10 manufacturers and evaluated the brightness and 
durability of their LED lamps.  As a result, we decided 
to develop the product in-house with the focus on the 
following points in order to achieve a satisfactory per-
formance.
(1)  Uniform illumination state of illuminating surface

Characters marked inside the illuminating surface 
of command switches, such as illuminated pushbutton 
switches and pilot lamps, are required to be clearly vis-
ible because they are the human interfaces.  To that 

Metallic tone paint (silver)

(a) Pushbutton switch (b) Pilot lamp

Fig.2  Metallic appearance

Table 1    Main specifications of “AY22 Series” and “DY22 
Series”

Item Specifications

Rated insulation voltage
Non-illuminated type:  600 V AC/DC
Illuminated type, pilot lamp:  250 V 

AC/DC

Rated current  
(Rated thermal current) 10 A

Durability
Mechanical

Push button (momentary):  5 million 
cycles

Push button (alternate):  250,000 cycles
Selector (maintained):  250,000 cycles

Emergency stop:  100,000 cycles

Electrical 100,000 cycles (220 V AC, 3 A)

Vibration 
resistance

Resonance 
vibration 10 to 500 Hz Double amplitude 0.7 mm

Constant 
vibration 16.7 Hz Double amplitude 3.0 mm

Shock re-
sistance

Malfunction 100 m/s2, 150 m/s2 (emergency stop)

Durability 500 m/s2

Operational 
ambient 
tempera-
ture

Non- 
illuminated 
type

−20 °C to +70 °C

Illuminated 
type −20 °C to +50 °C

Degree of protection IP65 (dust-tight, jet-proof)

Protective structure of  
conductive section IP2X

Contact arrangement Up to 6 contacts (up to 4 contacts for 
emergency stop)
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end, uniform illuminance of the illuminating surface 
is important.  LEDs have recently been undergoing 
a rapid improvement in their brightness and single- 
element LEDs are becoming increasingly popular, 
which makes them susceptible to point-like illumina-
tion with extreme brightness at the center of the lens.  
Figure 4 shows a result of optimizing the light source of 
an LED lamp.  Products of one of the Chinese manu-
facturers we compared use LED elements with a nar-
row angle and the area of light emission to the lens 
surface, which is the illuminating surface, is small.  
For the developed product, we selected one with a wide 
directional angle.  In addition, we located the LED ele-
ment so that the light of the LED lamp is illuminated 
uniformly on the entire lens.  This has achieved a uni-
form illumination state with little difference between 
the center and periphery of the lens.  Figure 5 shows 
contour plots of the illumination states and bright-
ness distribution maps.  As shown by the brightness 
distribution maps in Fig. 5 (b), the brightness has sig-
nificantly increased compared to that of the manufac-
turer’s product and visibility has improved.
(2)  Measures against noise

Command switch LED lamps can be replaced by 
the user, and this has given rise to the requirement 
to withstand static electricity caused by direct contact 
with the human body.  There is also a need to with-

stand the switching noise of contactors and relays, 
which are often provided along with the command 
switches in control or operation panels.  Accordingly, 

Reduced by 21 mm

Lamp terminal
Developed 
product

Standard 
product

Developed 
product

Standard 
product

Panel

Panel

40 mm

61 mm

Reduced by 22.5 mm

Transformer unit

Transformer unit

38.5 mm

61 mm

(a) Illuminated pushbutton switch

(b) Pilot lamp

Fig.3  Depths achieved by miniaturization

Light exit area

Light exit area

Lens

Legend plate

Marking range

(a) Developed product (directional angle:  140°)

(b) Lamp manufacturer standard product (directional angle:  40°)

Fig.4  Optimization of light of LED lamp

Bright

Dark

Brightness

(a) Contour plots of lens’ surface brightness

(b) Distribution maps of lens’ surface brightness

Red Green Yellow Orange Blue White

Chinese manufacturer’s product

Developed product

Chinese manufacturer’s product

Developed product

Fig.5    Contour plots of illumination states and brightness distri-
bution maps
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products, at low costs and in a short time.

5.  Protective Structure of Terminals (IP2X)

In China and Asia, workers tend to be highly fluid 
and have a low level of work proficiency.  Accordingly, 
the safety of conductors on which a voltage is applied 
in an operating condition (live sections) must be en-
sured even when the workers engage in risky (unsafe) 
behavior.  For conductive sections of electrical equip-
ment installed on machines, the protective structure 
against direct contact is specified to be IP2X or higher 
according to an international standard IEC 60204-1 
(Safety of machinery - Electrical equipment of ma-
chines).  These series of command switches satisfy 
IP2X as a standard specification and provide protection 
against direct contact in an unwired condition.

Because standard models for the Japanese mar-
ket are required to support round crimp terminals, 
the conductive-section protective cover for preventing 
electric shocks has been made openable and the termi-
nal screws removable to achieve a terminal structure 
that is easier to wire (See Fig. 7).  In China and Asia, 
there is not much demand for round crimp termi-
nals.  Accordingly, we have adapted the structure for 
spade crimp terminals, thereby eliminating the need 
to allow for a long depth, and successfully formed an 
IP2X structure with the equal depth to that of stan-
dard products.  If contact blocks are stacked into three 
tiers as shown in Fig. 8, the compared manufacturer’s 
products do not allow a wiring tool (screwdriver) to be 
inserted into the contact blocks in the first and sec-
ond tiers.  This means the contact blocks have to be 
removed to further tighten terminal screws during 
maintenance or for wiring changes.  With the devel-
oped product, terminal screws have been provided at 
an angle to make a shape that allows the product to be 
wired even when contact blocks are stacked into tiers.

We worked to make wiring easier by providing ter-
minal screws at an angle, provide protection against 
direct contact and satisfy the requirement for dimen-

we have specified the noise immunity performance of 
LED lamps as 20 times the rated voltage.

For that reason, as a resistor for decreasing the 
voltage, we needed to use one with a high pulse resis-
tance.  We calculated the peak power at the maximum 
noise level and selected from locally produced prod-
ucts a resistor having the peak power within the limit 
power in one pulse.

By using this resistor, we confirmed that a 
200,000-cycle switching test using a circuit with a 
contactor (200 V AC) and relay (24 V DC) connected 
in parallel does not affect the illumination of the LED 
lamp and successfully ensured a good performance 
with no additional parts.
(3)  Measures against dark illumination

LED elements have become bright and are illumi-
nated even with a minute current.  There is a need to 
take measures against a phenomenon called dark illu-
mination, in which a leakage current due to an exter-
nal surge absorbing circuit or resulting from the stray 
capacitance between cables running in parallel in the 
operating environment causes dim illumination.  For 
the AY22 Series and DY22 Series, in consideration of 
the routing of cables in a board, we measured the leak-
age current resulting from the stray capacitance gener-
ated by cables of approximately 20 m.  We then added 
a resistor in parallel with the LED element in order to 
decrease the circuit impedance as a measure against 
dark illumination.
(4)  Short-term prediction technology for lamp’s illu-

mination life
LED lamps are required to have an illumination 

life of about 30,000 hours (3.4 years).  Conventionally, 
illumination life was estimated by using luminosity 
changes in the first 3,000 hours and comparing them 
with the past results.  But we have made a short-term 
prediction possible by using the results and know-how 
accumulated up to now for the prediction:

(a)  Because the major factor of the luminous inten-
sity decrease is a thermal effect on the LED ele-
ment, we identified the value of the LED surface 
temperature rise corresponding to applied volt-
ages that are 1.0 and 1.5 times the voltage used 
for the lamp.

(b)  We used the respective value of the LED surface 
temperature rise as the basis for calculating the 
deterioration factor to create an estimated life 
expectancy curve (see Fig. 6).

(c)  In an acceleration test with a voltage 1.5 times 
that used for the lamp applied, if the luminous 
intensity maintenance rate after a lapse of 1,000 
hours is equal to or higher than the specified 
value, life expectancy of 30,000 hours can be 
guaranteed.

By taking these measures, we have successfully 
developed a dedicated LED lamp withstanding the 
operating environment of the user and offering higher 
brightness than that of the compared manufacturer’s 

Specified value

Luminous intensity 
maintenance rate

LED life expectancy curve

1,000 h

30,000 h

Estimated life 
expectancy curve
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Fig.6    LED life expectancy curve and estimated life expectancy 
curve
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timize the gate position.  We achieved a structure that 
withstands the pushing load of the test finger required 
for IP2X (10 N).

6.  Postscript

This paper has described the “AY22 Series” and 
“DY22 Series” command switches (φ22) for the Chinese 
and Asian markets.

We intend to continue to develop products that 
meet new needs by focusing on sensitivity such as op-
erability and visibility as human-machine interface 
devices.

sions equivalent to those of standard products.  To this 
end, we gave the molded parts of the direct contact 
protection unit complicated shapes with thin walls.  
However, we applied the precision molding technology 
we have developed up to now to add a gas vent and op-

Protective cover of 
conductive parts

Terminal screw

40 mm

Spade crimp terminal

Protective cover of conductive parts

Terminal screw

Open for wiring

41 mm Round crimp terminal

(a) Developed product

(b) Standard product for Japanese market

Fig.7  Protective structure of terminal section

Contact block

Terminal screw

Screwdriver

(a) Developed product (b) Other company’s product

Fig.8    Ease of wiring of contact blocks stacked (in 3 tiers) 
(cross-section)
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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-

OKAZAKI, Takayuki *   KIKUCHI, Masanori *   TOKUNAGA, Yoshihide *

IEC Standard Compliant Vacuum Circuit-Breaker 
(12 kV, 24 kV) for Southeast Asian Markets

As Southeast Asia continues to experience steady growth, the vacuum circuit-breakers (VCBs) for markets there 
are required to be compliant with IEC standards.  We have recently expanded our line-up of products to include 12-
kV and 24-kV IEC standard compliant products for Southeast Asian markets.  As a feature supporting IEC standard 
compliance, the products come with a mechanism that enables operators to insert /draw out a VCB into/ from the out-
side of the switchgear.  The 12-kV VCB has achieved a compact and lightweight design while improving safety and 
functionality through features such as a grounded metal shutter that covers the main circuit to which high voltage is 
applied.  The 24-kV VCB adopts a solid insulation design that has enabled miniaturization of about 40% in volume 
compared with previous products.

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

Door

Bus chamber

Control
chamber

Cable chamber

High-
temperature

gas

Operation
position

Arc accident

Door opening
and closing

Test
position

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 

Revolving operation Test position

Operation
position

Operation
handle

Fig.3  Draw-out type with cradle (24-kV VCB)

Locking
plate

P

Operation handle

Engaging part

Unlock

Lock

Operation directionP arrow view

Fig.5  Locking mechanism (for wagon portion only)

Vacuum interrupter
(main contact)

Auxiliary
circuit plugSwitchgear door

Operation
handle (1) (2)

(3)

Operation positionTest
position

Fig.4  Relationship of interlock (1), (2) and (3) (switchgear side)

Locking plate

Stopper member

Stress
High

Low

Fig.6  Example of deformation analysis
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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)

Insulation frame Insulation frame

Insulation
barrier

(a) Developed product (b) Previous product

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-

Shutter

Shutter

Operation
position

Test
position

Operation
position

Test
position

(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-

Analysis 
location

Electric
field

strength
High

Low

Fig.12    Example of electric field analysis for solid insulation 
electrode pole components (interphase application)

Adjustment 
component

Insulation 
rod

Opening and 
closing shaft

Conversion leverAdjustment 
component

Insulation frame

Epoxy resin

Vacuum
interrupter

Vacuum interrupter

Insulation
rod

Input cam

Input cam

Opening
and

closing
shaft

(a) Developed product (b) Previous product

Fig.13  Connecting structure

Shaft diameter reduction

Welded part stress 
reduction

Lever weight
reduction

Stress
High

Low

Fig.14    Example of stress analysis for opening and closing 
shaft
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1.  Introduction

Various types of devices such as protective relays 
and indicating instruments are used to manage and 
maintain power distribution facilities and detect power 
abnormalities in such facilities.  For automation, mul-
tifunction and 24-hour operation, today’s manufactur-
ing systems need communications and failure detection 
functions to quickly respond to power supply trouble 
by monitoring the operation and malfunction states of 
their equipment from the central electrical room via in-
formation networks.

Furthermore, in order to support the global market 
for distribution devices, it is necessary to standardize 
switchboards and comply with IEC standards.

In addition, there is an increased need to reduce 
energy usage to address combat worldwide environ-
mental problems.  One effective means is detailed us-
age recording and management and verification of the 
energy-savings results.  To achieve this, distribution 

KUDO, Hideki *

“F-MPC60G Series” Multifunctional Digital Relay 
Providing High Visibility and Operability

Fuji Electric has incorporated customer needs into the development of the “F-MPC60G Series” multifunctional 
digital relay for providing high visibility and operability.  In addition to including previous functionality such as a dupli-
cated circuit configuration and alarm output based on an accident diagnosis function, the relay ensures compatibility 
with the existing product shapes, as well as mounting and wiring methods.  It comes equipped with operation and dis-
play functions with color LCD operation display having enhanced user interface, as well as accident waveform record-
ing function for supporting recording and analysis work at the time of accident occurrence.  It is also compliant with 
IEC standards to meet with specifications of overseas customers.

devices need to have various functions such as energy 
measurement and measurement data output functions.

Fuji Electric has meets these requirements 
through the development of its “F-MPC60G Series” 
multifunctional digital relay (see Fig. 1).

Fig.1  “F-MPC60G Series”

CT

CT

Vo
V

ZVT

VCB

DS

DS

Vo
(MN signal)

LA

3

3

VCT

F

F

F
V

F-MPC60

T-link
RS-485

VT

VT

Wh

VCB

CT
F

F-MPC60

3

VCB

VCB
CT

F

T
F

F-MPC60
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2.  Features of Multifunctional Digital Relay

A multifunctional digital relay is a “digital relay, 
measuring instrument and controller with multiple 
functions” that integrates into a single unit a protec-
tive relay, electric indicator instrument, indicator, 
operation switch functions, a 4- to 20-mA signal con-
verter and communication functions, all of which are 
required for high-voltage power receiving and distribu-
tion boards.

Figure 2 shows the one-line diagram for high-
voltage power receiving equipment that utilizes a mul-
tifunctional digital relay.

RS-485 or T-link can be selected for the com-
munication interface.  RS-485 equipped products 
can be equipped with either the proprietary protocol  
“F-MPC Net” or the general-purpose MODBUS*1 pro-
tocol.  These communication interfaces enable the 
monitoring of measurement data, operation states and 
history values for the multifunctional digital relay 
from the central electrical room, while also making it 
easy to confirm operation state and energy usage for 
the facilities as a whole.  Less degradation or variation 
in operation (measurement) precision due to aging is 
another characteristic of the digital relay, and it facili-
tates life cycle cost reduction via labor savings with re-
gard to daily and periodic inspections.

3.  Customer Needs Survey

Approximately 15 years has elapsed since the 
launch of the previous “F-MPC60B Series.”  Therefore, 
in order to implement a model change, we first con-
ducted surveys to identify customer needs.  The most 
important customer requests are as follows:
(1)  Maintaining compatibility

Maintaining compatibility (installation and con-
nection) with the previous product was the top priority 
for the upgrade requirements.
(2)  Better visibility and comprehensibility of display

This would be an enhancement over the previous 
product.  The previous product utilized a 7-digit, 7-seg-
ment LED display, and an operator needed to refer to 
the instruction manual to operate it, which was time 
consuming and not intuitive.
(3)  Recording of fault waveforms during protective 

operationt
Fault waveform recording is necessary for inves-

tigating causes and performing factor analysis when 
protective relay has operated.  This is an essential 
function overseas, and is available in the products of 
overseas manufacturers.
(4)  Compliance to IEC standards

Specifications for overseas use require compliance 

with IEC standards.
Table 1 shows the development concept that meets 

these customer needs.  We adopted these requests into 
the development specifications to enhance the specifi-
cations of the previous product.

4.  Features of “F-MPC60G Series”

4.1  Basic circuit configuration
Protective relays need to operate reliably when a 

system failure occurs and not operate unnecessarily 
during a failure.  The Japanese electric power stan-
dard B-402 “Digital Protection Relays and Protection 
Relay Device” stipulates that it is necessary to have a 
two unit configuration consisting of a main relay and 
fail-safe relay that prevents unnecessary operation 
due to a single component defect or simple human er-
ror and to support the issuance of a tripping command 
based on the AND operation of both relays.

The F-MPC60G Series complies with this standard 
by means of a duplicated configuration consisting an 
input circuit for current and voltage and a CPU cir-
cuit in one unit, thus achieving the two-unit operation 
functionality in a single unit.  Furthermore, by mutu-
ally monitoring each CPU and locking the product’s in-
ternal trip relay output (tripping command) during op-
eration abnormality, it is able to prevent unnecessary 
main relay or fail-safe relay operations as stipulated by 
the electric power standard.

Figure 3 shows the duplicated circuit configuration 
for the F-MPC60G Series.  A configuration is adopted 
in which the final-stage output switch, arranged above 
and below the trip relay excitation coil, is turned on 
when protection operation is detected by the CPU of 
both the main relay and the fail-safe relay, thus caus-

*1:  MODBUS is a trademark or registered trademark of 
Schneider Automation, Inc.

Table 1   Development concepts that meet customer needs

Customer needs Development concept

(1)   Maintaining 
compatibility

Inheriting functions and features from the 
previous product
◦  Same exact external size, terminal block 

for wiring (removable type) and installa-
tion method; does not require additional 
change for switchboard
◦  Completely compatible communications 

functions (commands); does not require 
reprogramming of host devices

(2)   Better visibility 
and intuitive-
ness of the 
display

Adoption of color LCD that improves vis-
ibility and operability
◦  Intuitive operation via character nota-

tion
◦  Expansion of display information 

(screen size); cross-shaped arrangement 
of operation switches; halving the num-
ber of command operations

(3)   Recording of 
fault waveform 
recording dur-
ing protective 
operation

Equipped with a waveform recording func-
tion for times of system failure
◦  Simple fault waveform display via LCD 

screen
◦  Downloading of fault waveform record 

data via a PC connection

(4)   Compliance to 
IEC standards

IEC 60255 Series (relay standard) compli-
ance
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ing the coil to be excited to output the trip signal.
In the case that protection is erroneously detected 

due to the failure of a component on the main relay 
circuit, if the fail-safe relay circuit side is sound, the 
protection detection for the main relay circuit will be 
regarded as an erroneous detection, and the device 
failure will be output for the unit itself to prevent un-
necessary operation, while locking occurs for the trip 
relay output.  Moreover, it improves reliability with 
functions such as operation monitoring on both CPUs 
and a self-diagnosis function for internal circuit abnor-
malities.

4.2  Compatibility with previous product
The F-MPC60G Series maintains compatibility in 

the product external dimensions, installation method 
and wiring method.  The previous product used a re-
movable terminal block, which made it possible to 
remove the terminal block from the product with the 

wiring remains connected.  As shown in Fig. 4, the 
wired terminal block can be removed from the previous 
device and mounted to the upgraded device as is.  This 
not only eliminates the burden of rewiring, but also 
prevents wiring mistakes.

4.3  Improvement in visibility and operability for the dis-
play unit
The previous product utilized a 7-digit, 7-segment 

LED display on the front of the product to display mea-
surements and settings.  Only one item could be dis-
played at a time.  Therefore, in order to check all of the 
50 or so different measurement items, the operation 
button needed to be pressed 50 times.  In particular, 
the 100 or so setting items were displayed using 2- 
digits for a settings code and 5-digits for setting con-
tent.  Therefore, it was necessary to refer to the refer-
ence table in the instruction manual to identify the 
meaning.
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mutual operation monitoring

Fig.3  “F-MPC60G Series” duplicated circuit configuration

Removable terminal block that 
is wired with screws at 2 locations 
on the top and bottom

Fig.4  Removable terminal block on back side

(a) “F-MPC60G Series” (b) Previous product

Measurement list display R-phase current meter display

Fig.5  Examples of displayed measurement items

(a) “F-MPC60G Series” (b) Previous product

Basic setting list Setting code “02” rated 
frequency setting

Fig.6  Example of setting display

(a) Display in Japanese (b) Display in English

Fig.7  Language selection function
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outage due to a large-capacity capacitor for the backup 
power supply.

4.5  IEC standard compliance
The IEC 60255 Series (protective relay) standard 

The F-MPC60G Series improves visibility and op-
erability by utilizing a 320 ×  240 pixel, 3.5 inch color 
LCD for the display unit.  Figure 5 shows the examples 
of displayed measurement items, and Fig. 6, setting 
display.  In addition, the screen utility provides LCD 
brightness settings and a language selection function 
for Japanese and English (see Fig. 7).

4.4  Fault waveform recording
When using a previous product, if a relay tripped, 

operators could not occasionally determine what hap-
pened in the facility, and they restarted operation with 
fear.

The F-MPC60G Series comes equipped with a 
function that records the waveforms before and after 
the protection operation occurs along with its time-
stamp to facilitate cause investigation and factor anal-
ysis in protection operation (See Table 2).  The fault 
waveform recording function not only displays simple 
waveforms on the LCD screen, but also enables con-
nection to a PC using the loader port (USB terminal) 
on the front of the unit, thereby making it possible to 
extract data and plot it on a graph using Excel*2 as 
shown in Fig. 8.

The real-time clock does not need to be reset to the 
current time even in the event of a one-week power 

IS

Vo

Equipment
failure

Trip

Trip output

INS operation

CB cutoff
CB input

Input 1
・
・
・

Protection 51
Protection 50

Protection 27-1
Protection 27-2

Protection 59
・
・
・

Residual 
Io

UV VW WU

IR
IT

Fig.8  Example of fault waveform recording

Table 2    Specifications for fault waveform recording function 
and clock function

Function Item Specification

Fault 
wave-
form 
record-
ing

Recorded 
number Last 2 times

Data type ◦ 8 analog types
◦  10 DI types, 4 DO types

Recording 
capacity

6,000 points (Max. number of recording 
points for a single waveform recording)

Backup 
during 
blackout

Non-volatile memory use (10 years or 
longer)

Data ex-
traction

◦  USB terminal connection via front 
loader port; downloading through dedi-
cated software
◦  Data type for COMTRADE format

Clock

Backup 
during 
blackouts

◦  Maintenance-free via electric double-
layer capacitor
◦  One-week holding possible even after 15 

years (product design life)

Time set-
ting func-
tion

◦  Setting via main unit panel operation
◦  Setting using communications function
◦  USB terminal connection via front 

loader port; PC time synchronization 
setting through dedicated software

Time cor-
rection

General-purpose input terminal (DI) func-
tion configured with time correction pulse 
to achieve 0 second correction at detection
◦  Returns to 0 when current seconds are 

between 0 and 29
◦  Returns to 0 and advances 1 minute 

when current seconds are between 30 
and 59

*3:    The fireproof enclosure is part of the device that aims to 
minimize the spread of internal fire and flames

*2:    Excel is a trademark or registered trademark of Micro-
soft Corporation

Openings

(a) “F-MPC60G Series” (b) Previous product

Fig.9  Comparison of bottom surfaces of products
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ries” multifunctional digital relay that provides high 
visibility and operability.

We will continue to develop devices such as pro-
tective relays for power distribution facilities that are 
equipped with visualization functions in order to pro-
tect customer electrical equipment while focusing on 
product connectivity and user-friendliness.

compliant enclosure with fireproof *3 prevents combus-
tion powder from leaking out of the enclosure in the 
event of internal component ignition.  We placed the 
openings for suppressing temperature rise on the sides 
and at the top of product as shown in Fig. 1, where it 
was located at the bottom in the previous product, as 
shown in Fig. 9.

5.  Postscript

In this paper, we introduced the “F-MPC60G Se-
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1.  Introduction

The need to save energy is greater than ever, as 
seen in the revision of the “Act on the Rational Use of 
Energy” (Energy Saving Act) in 2010 and the promo-
tion of power demand leveling by the 2013 revision 
made in the wake of the Great East Japan Earth-
quake.

In this situation, power monitoring systems pro-
vided by distribution equipment manufacturers are be-
coming sophisticated and shifting from simple demand 
monitoring to demand control.

Meanwhile, to introduce the Internet of Things 
(IoT) the industrial world has recently been working 
on “Small, Quick Start & Spiral-up,” which is also Fuji 
Electric’s IoT key phrase, for collecting power usage 
data.  This has generated demand for products that 
make it easy to build systems by using conventional 
measuring instruments for power monitoring.

Fuji Electric has renewed the “F-MPC Web unit” 
for data collection and developed and released the  
“F-MPC ZEBLA” for energy management.

The F-MPC Web unit has won the Good Design 
Award 2017 for its functions and aesthetic design.

2.  Fuji Electric’s Energy Management System 
and Issues

Fuji Electric has offered a line-up of the “F-MPC 
Series” as listed below for 20 years for the purpose of 
energy monitoring and management(1).

(a)  “F-MPC04 Series” power monitoring equipment 
for low-voltage circuits to visualize power usage 
and “F-MPC I/O” digital I/O units

ENJO, Yoshihiro *   TAKAHASHI, Hideo *

“F-MPC Web Unit” and “F-MPC ZEBLA” for 
Implementing Energy Management Systems

There has been a growing demand for realizing energy savings and high-reliability power supply in power dis-
tribution systems.  In order to meet these needs, we have developed the new “F-MPC Web Unit” and “F-MPC ZE-
BLA.”  The F-MPC Web Unit centrally manages the power usage measurement data of switchboards measured by 
the F-MPC Series.  The F-MPC ZEBLA comes with energy management functions that facilitate building energy con-
sumption monitoring, while maintaining a comfortable indoor environment via automatic control.  The F-MPC ZEBLA 
collects various energy data measured by the F-MPC Series via the F-MPC Web Unit to implement power demand 
forecasts and energy-saving control management.

(b)  “F-MPC50” and “F-MPC60B” protective relays 
for high-voltage circuits for protection and moni-
toring of equipment and “F-MPC IGR” and 
“F-MPC I0R” insulation monitoring devices for 
low-voltage circuits

(c)  “F-MPC PV” string monitoring unit to monitor 
photovoltaic panels for any failure

These devices provide the functions of energy sav-
ing from low to high voltage, 24-hour insulation moni-
toring of low-voltage electrical circuits and monitoring 
of photovoltaic power generation (see Fig. 1).  These 
devices are all equipped with a general-purpose serial 
communication function compliant with the RS-485 
standard and capable of collecting all data measured 
by the F-MPC Series using the same communication 

Protective relay for 
high voltage

Insulation 
monitoring 
device for low 
voltage

･ ･ ･ Power 
monitoring 
equipment 
for low 
voltage

Energy management 
system

F-MPC Web 
unit

Monitoring 
energy by 
collecting data

F-MPC ZEBLA 
prediction and 
control

Extra-high-
voltage and 
high-voltage 
boards

High-voltage ground 
fault protection and 
power monitoring

Monitoring of 
low-voltage 
insulation

Monitoring of low-
voltage leakage 
and of power

Collective monitoring of power and 
equipment with common network (RS-485)

Low-voltage 
feeder panel

Circuit- 
breaker 
with ZCT

Circuit-breaker 
with measuring 
function

Electrical 
distribution 
switchboard

Fig.1  “F-MPC Series” and electrical system diagram
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protocols.
The F-MPC Series also has a line-up of higher-

level systems that collect and accumulate data (see 
Table 1).

The “F-MPC Web unit” to collect data is equipped 
with a Web server.  Further, a general-purpose Win-
dows PC can be used to build a small-scale energy 
management system (management of up to 256 data 
points) easily in the same way as connecting to the In-
ternet from a browser such as Internet Explorer.

To build a large-scale system, we have a line-up of 
server software products for PCs such as “F-MPC-Net 
Web,” capable of managing up to 10,000 measurement 
data points, and “F-MPC-Eco Web” for analyzing the 
data collected.

For factories, schools and public offices, a large-
scale system can be built relatively easily by first intro-
ducing a small-scale system using the F-MPC Web at 
low cost and expanding the small-scale system.

The F-MPC Web unit released in 2008 depended 
on the Windows OS, and the hardware interfaces and 
HMIs were becoming obsolete.  There was also a need 
to reduce the initial investment required for system 
introduction by reducing the costs of the entire energy 
management system.

Accordingly, we have renewed the F-MPC Web 
unit and also added to the line-up “F-MPC ZEBLA” 
server software for PCs capable of managing energy by 
using power prediction as well as monitoring energy.  
F-MPC ZEBLA automatically controls lighting and air 
conditioning in order to reduce power usage.

3.  New “F-MPC Web Unit”

3.1      Elimination of need for engineering by user interface 
enhancement
As described in Chapter 2, we have developed the 

new F-MPC Web unit incorporating the latest technol-

ogy into the unit interface and user interface.
Initial configuration of the new F-MPC Web unit 

can be set with simple mouse operation by using a PC 
browser without the need for installing a special appli-
cation for configuration.

The operation buttons on the screen have been 
made larger to allow touchscreen operation on smart-
phones and tablets.  We have eliminated the depen-
dence on the OS, such as Windows, by developing 
software using standard functions of JavaScript and 
css based on HTML5, which has been used for various 
browsers.  For the design of the operation screens, we 
have created a user interface that is visually easy to 
understand (see Fig. 2).

In addition, we have built a system in which only 
3 steps (3 touches) can complete the minimum initial 
configuration after opening a browser once the device 
has been installed and wired (see Fig. 3).  The new 
F-MPC Web unit automatically searches for the  
F-MPC Series connected via RS-485 and identifies the 
address and model of the devices.  Furthermore, the 
data to be collected are automatically selected accord-
ing to the specified monitoring level (“simple,” “de-
tailed” or “control”).  For example, the “simple” level 
can be selected for monitoring power usage only.  To 
save energy with lighting control, energy saving con-

Table 1   “F-MPC Series” upper-level systems

F-MPC
Web unit

F-MPC-Net 
Web

F-MPC-Eco 
Web

F-MPC 
ZEBLA

Prod-
uct

Model change

Scale Small, up to 256 
data points

Large, up to 
10,000 data 
points

Large Large

Main 
func-
tions

Data collection, 
alarm, demand 
monitoring

Data collection, 
alarm, demand 
monitoring

Analysis us-
ing database

Total 
monitoring 
of power, 
water, gas, 
etc.

Fea-
ture

For small proj-
ects with sim-
plified system 
building

For site man-
agement with 
large-scale data 
collection

Energy sav-
ing analysis 
and unit 
consumption 
manage-
ment

Automatic 
control 
and energy 
saving by 
prediction

Drag & drop to register devices

Fig.2    Example of device registration screen of new “F-MPC 
Web unit”

Step 1
Selection of monitoring 
item

Step 2
Automatic search 
for measuring 
equipment 
connected

Step 3
Registration 
complete

Fig.3    Three steps to automatic setting of new “F-MPC Web 
unit”
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trol by demand monitoring is available by selecting the 
“control” level and registering the signals for output.  
In this way, initial configuration at the time of intro-
ducing the system can be simplified by eliminating 
the need for engineering and the engineering costs for 
initial introduction are reduced.  These have made it 
easier to introduce an energy monitoring system.  With 
the new F-MPC Web unit, easy and inexpensive sys-
tem construction is possible even in small factories or 
on sites with no full-time equipment manager in addi-
tion to medium- and large-sized factories.

3.2  Provision of various interfaces
The development concept of the new F-MPC Web 

unit is a product with specifications that can be used in 
industrial fields 10 years from now.

For a field network, 2 channels of RS-485, which 
is a de facto standard, have been provided.  This al-
lows one F-MPC Web unit to collect and monitor data 
from RS-485 devices with different protocols to be 
supported.  Since electric distribution, switching and 
control devices and sensor networks are expected to 
increasingly adopt Ethernet-based protocols in the fu-
ture, it is provided with 2 channels of Ethernet (see 
Fig. 4 and Table 2).  Ethernet ports are thus be used for 
different purposes, such as connection with PCs and 
data collection for lower-level power monitoring equip-
ment.  In addition, provision of a USB host function of-
fers flexible support for any new communication stan-
dard that may appear in the future by using a USB 
communication converter.

In an energy monitoring system that uses the new 
F-MPC Web unit, data can be collected from a variety 
of measuring instruments as shown in Fig. 5 and man-
aged for visualization and assignment for pattern con-
trol.

In terms of software, Linux, a general-purpose OS, 

Ethernet 2 chUSB hos 2 ch

microSD 
card

Expansion slot

RS-485 2 ch 100-240 V AC drive

Fig.4  Interfaces of new “F-MPC Web unit”

Table 2  Specifications of new “F-MPC Web unit”

New F-MPC 
Web unit

Old F-MPC 
Web unit

Features of function 
improvement

OS 
installed

General-
purpose 

Linux OS
Embedded 

dedicated OS
Easy development of 
extension applications

Ethernet 10/100 Mb 
2  ch

10/100 Mb 
1  ch

Two lines for PC 
monitoring and data 
collection

RS-485 2  ch
(63 units ×  2)

1  ch
(63 units)

Integration of Fuji 
Electric protocol and 
general-purpose MOD-
BUS protocol products

RS-232C
Not provided

(USB 
conversion)

1  ch Old interface supported 
by USB converter

USB host USB 2.0
2  ch Not provided

Interfaces not included
(such as RS-232C and 
wireless communica-
tion) supported by USB 
converter

Expansion 
bus Provided Not provided

Future function im-
provement by connect-
ing expansion unit

220.IU
31.2 A
10.7 KW

22.0
28.3

Monitoring PC

Connection with
various devices

achieved by 1 unit

Ethernet
(LAN)

F-MPC Web 
unit

Ethernet Measurement 
device

RS-485 (MODBUS RTU)

Pulse input

Pulse input
RS-485 (F-MPC Net)

F-MPC
Power measurement unit

Air-conditioning 
control output

Pattern 
control

Demand control
Water supply and gas

Power meter
Multimeter Flowmeter 

(water supply, etc.)

Other than F-MPC

ThermohygrometerF-MPC
I/O unit

OFF

OFF

OFF

OFF

OFF

OFF

ON

ON

ON

Fig.5  Example of configuring energy monitoring system with new “F-MPC Web unit”



171“F-MPC Web Unit” and “F-MPC ZEBLA” for Implementing Energy Management Systems

is
su

e:
 E

le
ct

ric
 D

is
tri

bu
tio

n,
 S

w
itc

hi
ng

 a
nd

 C
on

tro
l D

ev
ic

es

4.2  Energy management function
F-MPC ZEBLA is capable of managing the con-

sumption of energy sources (10 types) such as electric-
ity, gas, water and oil and managing the results of 
energy creation such as photovoltaic and wind power 
generation (10 types).

An energy manager is always required to keep 
track of the monthly and daily results and provide 
management based on whether the current power 
consumption is at the scheduled pace as compared 
with the annual energy saving target and whether 
consumption should be reduced.  F-MPC ZEBLA is 
capable of automatically setting monthly and daily 
targets based on the past data accumulated and office 
operation schedule (calendar) simply by setting the an-
nual reduction target, thereby reducing the load on the 
energy manager.

4.3  Overview of energy demand prediction
Energy demand is influenced by factors such as the 

weather, production volume, holidays and existence of 
events and it is extremely difficult to make a decision 
on whether or not the predicted demand for each time 
period is appropriate.  Accordingly, a similar pattern 
can be extracted from the daily demand data patterns 
accumulated in the database as shown in Fig. 7 to pre-
dict power consumption for each time period of the day.

4.4  Power demand prediction and demand control
If the contract with the electricity supplier is a 

demand (maximum power demand) contract, monitor-
ing to ensure that the power does not exceed the con-
tract demand is an important point in reducing power 

has been employed to provide a system that does not 
become obsolete.  The new F-MPC Web unit can up-
grade easily so that it may meet various user opinions 
and demand and add new functions, such as Iot con-
trol.

4.  “F-MPC ZEBLA”

4.1  Overview
The Ministry of Economy, Trade and Industry is 

promoting the demonstration project for a net zero 
energy building (ZEB), that is, a building that func-
tions independently in terms of energy by minimizing 
energy consumption and making use of renewable en-
ergy.

A ZEB requires energy management functions for 
monitoring the energy consumption status of the build-
ing and maintaining a comfortable indoor environment 
via automatic control while preventing excessive use 
of energy. “F-MPC ZEBLA” is a software package for 
energy management equipped with these functions re-
quired for a ZEB.  It has been developed as a building 
energy management system (BEMS) for medium- to 
large-sized buildings.  F-MPC ZEBLA predicts energy 
demand based on the past energy demand data col-
lected and provides optimum energy-saving control to 
create a ZEB.

Figure 6 shows a configuration example of an 
energy management system using F-MPC ZEBLA.   
F-MPC ZEBLA uses an F-MPC Web unit to collect var-
ious energy data measured with the F-MPC Series and 
predicts future demand and manages energy-saving 
control based on the data collected. 

F-MPC ZEBLA

LAN

F-MPC Web 
unit

F-MPC I/O

RS-485

Pulse signal
Power 
measurement unit
F-MPC 04

Power 
measurement unit
F-MPC 04P

Power 
measurement unit
F-MPC 04E

Analog signal 
input unit

F-MPC I/O F-MPC I/O

Air-conditioning 
control

Lighting 
control

Pressure 
gaugeFlowmeterPulse converter

PC

Fig.6 Example of configuring energy saving management system with “F-MPC ZEBLA”
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power and reducing consumption to a level below the 
contract demand.  This is called demand control.  Spe-
cifically, the example described below is common.  The 
demand controller decides whether the contract de-
mand is exceeded for each 30-minute time period and 
generates an alarm when it is exceeded.  In response 
to the alarm, peak measures are taken by the energy 
manager such as stopping air conditioning.

In comparison, as shown in Fig. 8, F-MPC ZEBLA 
is equipped with a demand prediction function.  It pre-
dicts the time when the contract demand is exceeded 
and when the power is brought back to below the con-
tract demand, which are things that cannot be deter-
mined by the conventional demand controller.  This 
allows the manager to control demand well in advance 
and minimizes peak measures.

Conventionally, in the Fukiage Factory of Fuji 
Electric, the energy manager took manual peak mea-
sures in peak periods in summer, such as by stopping 
the private power generator and air conditioner in re-
sponse to alarms of the demand controller.  However, 
there was a possibility that peak measures would not 
be taken in time and the generator was often started 
before an alarm sounded.  In addition, unnecessary 
peak measures often continued to be taken because it 
was difficult to decide on the end of the peak time pe-
riod of demand.

To deal with this problem, F-MPC ZEBLA has 
been introduced into the Fukiage Factory as shown in 
Fig. 9 for taking peak measures.  The peak measures 
taken include switching the power source of air condi-
tioner and lighting equipment to a generator before the 
time period during which the demand is predicted to be 
exceeded.  This eliminates the need for taking unneces-
sary measures such as stopping air conditioning even 

charges.
For that purpose, a demand controller is generally 

used to implement peak measures by monitoring the 

1:00 6:00 12:00 18:00 0:00 1:00 6:00 12:00 18:00 0:00

1:00 6:00 12:00 18:00 0:00

Consumption pattern as of 9:00

Past pattern with similar changes searched for based on changes 
up to 9:00 and extracted 

Fig.7  Example of predicting demand with “F-MPC ZEBLA”

Fig.8  Example of demand prediction screen of “F-MPC ZEBLA”

F-MPC ZEBLA Administration building

Ethernet

F-MPC Web 
unit

F-MPC 
I/O

RS-485

Extra-high-voltage 
substation

F-MPC 
I/O

Power generator 
start/stop 
command

Power 
generator

F-MPC 
I/O

F-MPC 04P

Lighting

Air conditioner

Power 
supply 
switching

F-MPC Web 
unit

Building A Building D

Fig.9  Example of peak measures implemented in Fukiage Factory
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changes due to the permeation of IoT, and will achieve 
systems required by the evolution of the IoT.

We intend to continue discovering new demands 
and developing new technologies and functions to deal 
with them.

References
(1) Tazawa, Y. et al.  Devices for Facility and Energy Mon-

itoring Systems: Expansion of “F-MPC Series”. FUJI 
ELECTRIC REVIEW. 2012, vol.58, no.3, p.115-119.

in peak hours without compromising comfort.

5.  Postscript

This paper has presented “F-MPC Web unit” and 
“F-MPC ZEBLA” to build energy management sys-
tems.  Fuji Electric is committed to taking charge of 
solutions with the focus on energy management using 
these systems.  These systems serve to facilitate net-
working of electric distribution, switching and control 
devices in the industrial world, which is undergoing 
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1.  Introduction

To prevent global warming, global activities have 
recently been taking place to transform to a low-carbon 
society.  In the fields of power generation and power 
distribution, DC power distribution systems are be-
coming widespread for renewable energy generation 
facilities, such as large-scale photovoltaic power gener-
ation plants.  In the automotive field, the ZEV regula-
tion in the United States and CO2 emission regulations 
in Europe are expected to lead to more environmen-
tally friendly vehicles being fitted with large-capacity 
batteries(1).  Against this background, devices for safely 
controlling high-voltage direct currents are attracting 
attention in the field of switching and control devices.

In the automotive field, in particular, batteries are 
becoming increasingly high voltage to shorten charging 
time, and small safety contactors are required for high 
voltages exceeding 400 V DC.

This paper describes the “SVE135” sealed high-
voltage contactor released in April 2017.

2.  Background to Development and 
Specifications

High-voltage DC contactors for automotive applica-
tions are mainly provided as a sealed type, contacts of 
which are arranged in a sealed case, instead of conven-
tional open types contacts of which are exposed.  The 
main reasons for this are as follows:

(a)  Breaking performance can be improved by pro-
viding an environment suited for breaking in-
side the sealed container, and this allows prod-
ucts to be miniaturized.

NAKA, Yasuhiro *   SHIBA, Yuji *   SAKURAI, Yuya *   

“SVE135” Sealed High-Voltage Contactor Having 
High Overcurrent Withstand Capability

The spread of environmentally friendly vehicles mounted with large-capacity batteries has required that quick 
charging circuits be equipped with contactors capable of high overcurrent withstand capability during times of failure 
or accident.  In response to this demand, Fuji Electric has developed the “SVE135” sealed high-voltage contactor as 
a unit that adopts a unique contact structure that contributes to improving the safety of environmentally friendly ve-
hicles.  This unique contact structure makes it possible to cancel out most of the electromagnetic repulsive force gen-
erated at the time of short-circuit current flow without increasing the contact pressure of the contact.  As a result, this 
compact and lightweight unit has achieved a high overcurrent withstand capability of 20 kA, which is more than twice 
as high as the previous model.

(b)  Higher contact reliability can be achieved be-
cause no foreign object enters from outside.

(c)  External damage due to arcing at the time of 
breaking is reduced.

Figure 1 shows a high-voltage circuit configuration 
of a general electric vehicle (EV).  It includes a motor, 
inverter and large-capacity battery, and the circuits 
connecting these are equipped with sealed contactors 
suited for the respective applications.  Of those, the 
contactors for quick charging shown by (3) in the figure 
are responsible for switching and protecting the circuit 
that is used mainly for quick charging of the battery.

The biggest challenges in making EVs become 
more popular include short charging time and ex-
tended ranges.  At present, lithium-ion secondary bat-
teries, which are the mainstream, feature lower inter-
nal resistance and higher energy density than those of 
other types of secondary batteries.  This makes them 
suitable for having greater output and capacity and 
research is under way in various countries.  One issue 
posed on the side of the contactors along with improve-
ment of battery performance is overcurrent withstand 
capability assuming accidents.

Motor
Inverter

Battery

Quick 
charger

(1) (3)
(4)

(4) (3)

(1)

(2)

(1) Contactor for main circuit
(2) Contactor for pre-charging

(3) Contactor for quick charging
(4) Contactor for normal charging

AC/DC

Fig.1  High-voltage circuit configuration of EV
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In the unlikely event of short-circuit accidents, 
the contactor is required to withstand the short-circuit 
current until the fuse is blown so that the circuit is 
safely isolated.  However, if a large current flows into 
a contactor, an electromagnetic repulsive force gener-
ated in the contact of the contactor makes it unable to 
maintain the ON state and the contact is lifted, gener-
ating an arc across the contact gap.  The generated arc 
causes the temperature to rise and, with a sealed con-
tactor, an abnormal increase in the internal pressure 
may be produced inside the sealed container, possibly 
leading to damage such as rupture and ignition.

The maximum current and energization time that 
the contactor can withstand are defined as an over-
current withstand capability.  Increased output and 
capacity of batteries cause an increased short-circuit 
current that flows at the time of an accident, and the 
overcurrent withstand capability requirement of con-
tactors also becomes higher.

In order to meet such demand, Fuji Electric de-
veloped the “SVE135” sealed high-voltage contactor 
(HVC) provided with a high overcurrent withstand ca-
pability (see Fig. 2).  Table 1 shows the representative 
specifications.

The main features are as follows:
(1)  High overcurrent withstand capability achieved 

with unique contact structure
(2)  Miniaturization and high contact reliability real-

ized with sealed structure of contact
(3)  Non-polar main circuit and same breaking perfor-

mance for both normal and reverse directions

(4)  All-direction mountability

3.  Structure and Features of Developed Product

3.1  Improved contact structure and overcurrent withstand 
capability
Generally, the parameter that determines the 

overcurrent withstand capability of a contactor is the 
contact pressure of the contact.  If a large current such 
as a short-circuit current flows into the main circuit 
with the contactor in the ON state, as shown in Fig. 3, 
concentration and diffusion of the current occur in the 
contact part of the contact.  Then, an electromagnetic 
force (electromagnetic repulsion) is generated between 
the moving and fixed contacts, causing them to push 
away from each other.  This electromagnetic repul-
sive force is in proportion to the square of the current 
value.  Preventing lifting of the contact caused by the 
repulsion requires an increase in the contact pressure 
to higher than the repulsive force.  If the contact pres-
sure is increased, however, a larger electromagnetic at-
tractive force for driving the contact is required, which 
increases the product size and power consumption of 
the electromagnet.

Figure 4 shows the structure of the HVC contact 

Fig.2  “SVE135” sealed high-voltage contactor

Table 1  Representative specifications of “SVE135”

Item Specification

Rated voltage/current 450 V DC/135 A

Breaking performance 450 V DC/400 A, 50 cycles

Overcurrent withstand 
capability 20 kA, 50 ms

Main circuit polarity None (bi-directional breaking pos-
sible)

Malfunction shock 490 m/s2 or higher in all directions

(1) Current concentration 
and diffusion generated 
in contact part of contact

 ↓
(2) Part with opposite 

current flowing is 
generated where currents 
flow in opposite directions 
around contact part of 
contact on both sides of 
moving and fixed contacts

 ↓
(3) Electromagnetic force to 

push away from each 
other (electromagnetic 
repulsion) is generated by 
external magnetic field 
formed by current

Principle of generation of 
electromagnetic repulsion

:  Direction of 
   current

Moving contact

Fixed contact

Contact part
of contact

Fig.3    Principle of generation of electromagnetic repulsive force 
in contact part of contact

Moving 
contact

Fixed 
contact

Fig.4  Contact structure of HVC
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developed.  Parallel conductors opposite each other 
with the current fl owing into the moving and fi xed con-
tacts in the opposite directions are formed by providing 
a U-shaped fi xed contact that sandwiches the moving 
contact inside.

Generally, when the same current fl ows into two 
parallel conductors in opposite directions, an electro-
magnetic force F represented by Equation (1) is gener-
ated in the direction away from the other according to 
the distance L and current I.

F = 
    µ   I 2

        2πL     ……………………………………………(1)

 F :    Electromagnetic force acting per unit length 
(N/m) 

 µ :  Permeability
 L :  Distance between parallel conductors (m)
 I :  Current fl owing in parallel conductors (A)

We have made use of this principle to allow a 
force to be generated that presses against the moving 
contact in the direction opposite the electromagnetic 
repulsion generated in the contact part of the con-
tact.  This results in electromagnetic forces being pro-
duced in the parallel conductors (see Fig. 5).  Based on 
Equation (1), these electromagnetic forces are also in 
proportion to the square of the current value.  That is, 
the forces generated can be controlled by dimensional 
design parameters such as the length of and distance 
between the parallel conductors so as to cancel out 
most of the electromagnetic repulsion generated in the 
contact part of the contact.

As a result, there is no longer any need to set a 
high contact pressure as with a conventional contact 
for increasing the overcurrent withstand capability.  
A very high overcurrent withstand capability can be 
achieved simply by ensuring the minimum required 
contact pressure for maintaining stable contact opera-
tion.

Figure 6 shows the testresults on the main circuit 
subjected to an overcurrent of 20 kA/50 ms, which was 

the development target.  While a current of 20 kA is 
running, the voltage across the contact gap of the con-
tactor is stable, and it was confi rmed that there was no 
arc voltage caused by lifting of the contact.

With a general butting contact structure as shown 
in Fig. 3, the contact pressure of the contact that can be 
set is limited by restrictions such as the outline dimen-
sions of the product.  According to a trial calculation, 
a maximum overcurrent withstand capability cannot 
exceed approximately 9 kA when the contact pressure 
alone is increased.

The HVC developed has a high overcurrent with-
stand capability of more than double that limitation.  
Hence, it can be offered as a safer contactor even if the 
battery performance is improved and the short-circuit 
current is increased in the future.

3.2  Sealed structure of contact and direct current break-
ing technology
Figure 7 shows the principle of typical direct cur-

rent breaking and alternating current breaking.  Un-
like an alternating current with the current zero points 
generated at regular intervals, breaking a direct cur-
rent with no zero point requires the insulation between 
the contacts to be restored by forced generation of a 

F1:  Electromagnetic force in 
 contact part of contact acting 
 on moving contact
F2:  Electromagnetic force in 
 parallel conductors acting on 
 moving contact

Moving contact

Fixed contact

:  Direction of current

F2

F1

Fig.5  Force acting on moving contact
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Fig.6  Test waveforms with 20 kA supplied

No zero-current 
point

(I)

0 (t)

Zero-current point(I)

0 (t)
Current 
waveform

DC breaking AC breaking

Breaking 
process

(4) Insulation between 
contacts maintained

(4) Insulation between 
contacts maintained

(3) Arc across contact gap 
extinguished

(3) Arc across contact gap 
extinguished

(2) Arc voltage increased to 
power supply voltage or 
higher to generate zero 
point

(2) Zero points appear at 
regular intervals

(1) Arc generated across 
contact gap to limit 
current

(1) Arc generated across 
contact gap to limit 
current

Fig.7  Principle of breaking for different types of current
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zero point.  This can be done by increasing the arc volt-
age generated across the contact gap to be higher than 
the power voltage.

The most common method of increasing an arc 
voltage is to stretch the arc.  Conventional open-type 
direct current contactors used a magnetic drive sys-
tem that improves breaking performance by using 
a permanent magnet to stretch the arc into the arc- 
extinguishing space.  However, to increase an arc volt-
age to allow a high-voltage breaking exceeding several 
hundred voltages, the size of the arc-extinguishing 
space unavoidably has to be increased.

Accordingly, in addition to the magnet drive sys-
tem using a permanent magnet, HVC has the con-
tact provided in a sealed container that is filled with 
breaking gas to improve breaking performance.  This 
achieves a significantly smaller size and lighter weight 
than conventional open-type DC contactors.  Figure 8 
shows a comparison with the conventional product.

In addition, a quick charging circuit in an electric 
vehicle (EV) may be used for supplying power from the 
vehicle to the outside, or V2H (vehicle to home).  In 
this case, a current flows in the contact in the direction 
that is opposite to that of the normal quick charging 
current, and breaking performance in the reverse di-
rection is required to achieve a level equivalent to that 
of the normal direction.  To that end, as shown in Fig. 
9, we have come up with the optimum arrangement of 
the permanent magnets and arc-extinguishing spaces.  
It allows arcs to be stretched to the same degree re-
gardless of the direction of the current flow and hence 
solves the problem.

Figure 10 shows the changes in the breaking time 
when a current of 450 V/400 A DC is cut off succes-
sively 50 times in the normal and reverse directions, 
and Fig. 11, representative waveforms.  Based on this 
result, a stable breaking performance both for the nor-
mal and reverse directions is confirmed.

Furthermore, the same breaking performance for 
both directions has been achieved.  This means there 
is no need to worry about incorrect polarity of the main 
circuit in wiring, improving operability for the cus-
tomer and safety of the equipment.

:  Magnetic field 
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 magnet
:  Direction of 
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Fig.9  Structure of breaking part and arc driving principle
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the magnetic circuit and makes use of the magnetism 
of the permanent magnets as a supplementary added 
force*1 for maintaining the released state.  This system 
has been employed for HVC for the first time.

As shown in Fig. 13, when the electromagnet is in 
the released state, the load of the return spring and 
magnetism of the permanent magnet act on the mov-
ing core.  When voltage is applied to the coil to bring 
the moving core into the closed state, this permanent 
magnet is isolated from the magnetic circuit and does 
not affect the characteristics of the electromagnet.

Figure 14 shows schematic diagrams of the load 
characteristics of the conventional and developed prod-
ucts.

With the conventional product, to improve the 
malfunction shock resistance with the contactor in the 
OFF state, it is important to have the return spring 
load, shown as an added force in the figure.  While in-
creasing this load enhances the malfunction shock re-
sistance in the OFF state, the entire characteristics of 
the load to be attracted by the electromagnet increases 
at the same time.

With the developed product, magnetism of the per-
manent magnet can be utilized in the released state as 
shown in Fig. 14 (b) and the load of the return spring 
can be generally reduced while the added force in the 
releasing direction remains large.  That is, with the 
malfunction shock resistance effectively improved, the 
entire load characteristics can be reduced, which al-
lows a smaller electromagnet to be used.

In this way, we have confirmed that there is no 
malfunction in all directions in response to a shock of 
490 m/s2, which is the development target.

Normally, with a malfunction shock performance 
of 490 m/s2 or higher, the need to restrict the mounting 
direction is eliminated in the contactor layout, which 
increases the degree of freedom in the customer’s lay-
out design.

3.3  High-efficiency electromagnet structure and malfunc-
tion shock performance
Contactors for automotive applications are re-

quired to have much higher shock resistance than that 
for industrial applications because they are expected to 
receive shock in all directions and is mounted in vari-
ous directions.

Contactors are vulnerable to external shock in the 
direction of the drive axis of the contact due to their 
structures, and malfunction shock resistance is at its 
lowest particularly when the contact is in the OFF 
state.  For that reason, typically the guaranteed value 
of malfunction shock resistance was lower than that 
for other directions or mounting directions were re-
stricted.  This, however, restricts the freedom of equip-
ment layout on the part of the customer handling the 
contactor.

 To eliminate the restriction on mounting direc-
tions, we have developed a high-efficiency DC electro-
magnet suited for the sealed structure of the contact.  
Figure 12 shows the electromagnet structure developed 
and Fig. 13, the magnetic circuit configuration.  This 
configuration employs a monostable polarized electro-
magnet system that includes a permanent magnet in 

Moving core

Return spring

Permanent
magnet

Coil

Fig.12  Structure of electromagnet

Closed stateReleased state

Moving coreS

N

S

N

:  Magnetic path of coil:  Magnetic path of 
 permanent magnet

Fig.13  Configuration of magnetic circuit

*1:    Added force:  A force that presses the moving part in-
cluding the moving contact in the releasing direction in 
order to maintain the released state.

Magnetism of
permanent magnet

(a) Conventional product

Stroke (mm)

Return spring load
Added
force

Load
(N)

(b) Developed product

Stroke (mm)

Return spring load

Added
force

Reduced load
Load
(N)

Fig.14  Schematic diagrams of load characteristics
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In the future, we intend to continue working on 
development that meets the market needs for contac-
tors intended for EVs, which are expected to rapidly 
become widespread,such as providing even higher volt-
age products by advancing product technology.

4.  Postscript

This paper has described the “SVE135” sealed 
high-voltage contactor with high overcurrent with-
stand capability.
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1.  Introduction

Fuji Electric has developed a sealed high-voltage 
contactor for automotive applications that has a high 
overcurrent withstand capability to deal with high-
output and large-capacity batteries.  The contactor 
achieves high-capacity switching and breaking perfor-
mance despite its compactness because its contacts are 
arranged inside a sealed capsule filled with a gas of 
good breaking performance.

To develop the high-voltage contactor, it was es-
sential to carry out development in a new technological 
domain in addition to using the technology and know-
how accumulated through previous contactors.  This 
was done while taking into account environmental 
performance such as contact switching inside a capsule 
and products for automotive use.

At present, for electric distribution, switching and 
control devices, much of the range of the performance 
evaluation is reproducible on computers by using simu-
lation technology(1).  The simulation technology here 
refers to use of the finite element method for structural 
strength analysis, heat conduction analysis, vibration 
analysis, electromagnetic field analysis and computa-
tional fluid dynamics analysis.  Coupling these types 
of analysis can reproduce complicated phenomena.  
Therefore, to develop the high-voltage contactor, we 
use simulation technology effectively to improve per-
formance and reliability.

2.  Technological Issues and Simulation 
Technology

Developing the high-voltage contactor involves 

SAKATA, Masayoshi *   TAKEMOTO, Takanori *   

Simulation Technology Supporting Development of 
Sealed High-Voltage Contactors

Fuji Electric has developed a sealed high-voltage contactor for automotive applications that has a high overcur-
rent withstand capability to deal with high-output and large-capacity batteries.  The high-voltage contactor achieves 
high-capacity switching and breaking performance despite its compactness because its contacts are arranged inside 
a sealed capsule container filled with a gas of good breaking performance.  By conducting analysis-driven develop-
ment that effectively utilizes simulation technology for various types of analysis, such as electromagnetic field, heat 
conduction and thermal analysis, we were able to determine feasibility in advance and implement a design that im-
proves product performance and reliability.

technological issues arising from the structure of the 
sealed capsule, as well as miniaturization and greater 
reliability as an extended development of contactors.

Figure 1 shows the technological issues behind 
achieving various performance requirements and the 
corresponding analysis methods using simulation.  
Technological issues relating to the high-voltage con-
tactor are diverse and there are wide-ranging analysis 
methods including electromagnetic field, thermal and 
vibration analysis.

To develop the high-voltage contactor, we em-
ployed an analysis-driven method, in which feasibility 
is determined by carrying out simulation in advance 
and prototype experiments are conducted on effectual 
ideas, so as to resolve these technological issues.

We compared the results obtained from prototype 

Short-circuit current withstand capability
○Electromagnetic field analysis

Capsule structure
○Structural 
    strength 
    analysis

Miniaturization
○Electromagnetic 
    field analysis
○Structural 
    strength analysis
○Thermal analysis

Breaking performance
○Arc analysis

Shock resistance 
and vibration 
resistance
○Vibration and 
   shock analysis

Power consumption 
reduction
○Electromagnetic 
    field analysis

Capsule

Electro-
magnet

Fig.1    Technological issues of high-voltage contactor and cor-
responding fields of analysis of simulation
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experiments with the simulation results and imple-
mented modeling and revised boundary conditions for 
any divergence in order to improve the simulation ac-
curacy.

3.  Examples of Applying Simulation

3.1 Improvement of short-circuit withstand capability per-
formance by electromagnetic field analysis
To improve short-circuit withstand capability per-

formance, some measure must be taken to prevent the 
contact from lifting even when a short-circuit current 
flows.  Lifting of a contact may cause the capsule to ex-
plode due to a high current arc.

In the initial phase of development, we used elec-
tromagnetic field analysis to examine the extent of the 
electromagnetic repulsion for various contact struc-
tures (see Fig. 2).  As a result, we confirmed that a U-
shaped flat plate structure could significantly reduce 
the electromagnetic repulsion, and decided to use this 
structure for the development.

In relation to the contact structure, we used an 
electricity-heat transfer calculation to predict how 
much time it would take for the contact to melt and 
become welded as a result of an overcurrent, as well as 
electromagnetic repulsion.  By conducting these simu-
lations, we achieved a very high overcurrent withstand 
capability on top of the ensured minimum required 
contact pressure of the contact.

3.2 Improvement of efficiency of polarized electromagnets 
by heat transfer and electromagnetic field analysis
In the automotive field, components are required 

to have shock resistance and vibration resistance in 
addition to being small, and at Fuji Electric, the high- 
voltage contactor employs polarized electromagnets 
that use permanent magnets.  The characteristics of 
permanent magnets vary greatly according to the tem-
perature, and the correlation between temperature 

and operating characteristics need to be verified.  In 
the automotive field, ambient temperatures are sig-
nificantly higher than those in the general industrial 
field, and contactor temperatures tend to be higher 
than those for industrial applications.  Accordingly, 
to simulate the characteristics of electromagnets, it is 
important to take into account the temperature depen-
dence of electric and magnetic characteristics so as to 
improve the prediction accuracy.

For this development, we made it possible to evalu-
ate the electromagnet characteristics at high tempera-
tures by feeding the temperature of the high-voltage 
contactor determined by electricity-heat transfer anal-
ysis back to electromagnetic field analysis (see Fig. 3).

For heat transfer analysis, we improved the pre-
diction accuracy of the analysis model.  Figure 4 shows 
the relationship between inter-terminal resistance and 
temperature rise as shown in the results of analysis 
and actual measurement.  We evaluated these results 
considering the fluctuations of resistance between the 
main terminals, operating coil voltage and resistance 
that affect the temperature into account for evaluation.

In order to confirm that performance requirements 
are satisfied even in the worst conditions combined, 
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we predicted the worst-case temperature of the operat-
ing coil and permanent magnet, which may affect the 
electromagnet’s characteristics.  Based on these tem-
perature results, the electric resistance of the operat-
ing coil and magnetic characteristics of the permanent 
magnets can be set for electromagnetic field analysis 
to accurately evaluate electromagnet characteristics at 
high temperatures.

Figure 5 shows the magnetic flux density distribu-
tion and operating characteristics of the electromagnet 
at room and high temperatures.  With the initial plan, 
a simulation revealed that the electromagnet oper-
ated normally at room temperature, but insufficient 
attractive force caused two-stage operation at a high 
temperature, hindering normal operation.  In order to 
find out improvement measures, we focused attention 
on the magnetic flux density and attempted to opti-
mize the cross-section area of the magnetic path of the 
fixed plunger, which was magnetically saturated.  As 
a result, we successfully established a high-efficiency 
electromagnet capable of operating normally at high 
temperatures.

3.3 Improvement of vibration resistance by vibration 
analysis
For industrial contactors, a resonance frequency of 

100 Hz or higher is generally sufficient.  For automo-
tive applications, however, the resonance frequency 
must be designed to be at least 200 Hz.  Resonance fre-
quency can be calculated by eigenvalue analysis.  How-
ever, due to its principle, eigenvalue analysis cannot 
handle nonlinear problems such as the viscoelasticity 
of materials.  The resin material used for the housing 
is viscoelastic, which makes it difficult to predict the 
resonance frequency because the modulus of elastic-
ity may vary depending on the resin orientation as it 
is molded, vibration velocity, amplitude and tempera-
ture dependence.  For this development, we verified 
the resonance frequency from the vibration test with 
the initial plan and calculated back Young’s modulus 

so that the value agreed with the calculation, thereby 
improving the accuracy.

Figure 6 shows a comparison of vibration responses.  
Figure 6 (a) shows how vibration response is brought in 
line with the initial structure plan with the material 
properties and attenuation value identified.  For struc-
tural change, we took measures based on the move-
ment of the vibration mode.

Figure 6 (b) shows the result of the final structure 
plan.  For the initial structure plan, measures taken 
such as addition of ribs to the case caused the natural 
frequency to increase to 240 Hz, showing that vibration 
resistance has increased.  This result shows character-
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degradation and damage due to residual stress gener-
ated at the time of joining and fatigue strength under 
thermal stress by temperature cycling.

To conduct a strength evaluation of the joint, we 
estimated fatigue life by using thermal stress analysis 
to calculate the residual stress generated in the joint 
and stress amplitude of temperature cycling.

In the thermal stress analysis, we divided the 
analysis model into two stages for calculation.  In the 
first step, brazing is simulated for calculation from 
780 °C to 25 °C, within which the brazing material is 
solidified.  Subsequently, with the stress state main-
tained, the models of the yoke on the top face and 
flange cap in the lower part of the capsule are joined 
together, and pressure is applied to the inside of the 
capsule in that condition for thermal stress analysis, 
with the repetition of thermal cycles during tempera-
ture cycling taken into account.  By continuously cal-
culating this entire flow, it is possible to determine 
accurate stress amplitude with residual stress applied.  
Figure 9 shows the steps of calculation and an example 
of calculation of the stress generated in the brazed part 
during the process.

Predicting the lifespan requires a comparison of 
the residual stress and stress amplitude obtained by 
the analysis with an S-N curve.  For the S-N curve of 
the brazing material, we made a specimen with the re-
sidual stress taken into account and obtained data in a 
fatigue test (see Fig. 10).

Based on this result, we examined whether the 
residual stress and stress amplitude obtained by the 
analysis could satisfy the requirement of number of 
cycles to fracture of the specification.

istics at room temperature and, in view of environmen-
tal temperature change as shown in Fig. 7, the final 
structure is determined by confirming that the reso-
nance frequency is avoided at 200 Hz or higher.

In this way, vibration response can be predicted 
with higher accuracy by reliably identifying the resin 
material properties according to the vibration ampli-
tude and frequency.

3.4 Quality improvement of capsule structure by thermal 
stress analysis
For the high-voltage contactor, how to ensure the 

capsule is an airtight structure is an important techno-
logical issue.

Figure 8 shows a joint of the electrode in the cap-
sule structure.  This capsule structure is composed of 
different materials including ceramic, copper and iron, 
which are joined by brazing and laser welding.  This 
makes it necessary to evaluate in advance strength 
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with the arc voltage and arc current measured in the 
experiment, and we have verified that a simulation can 
reproduce the arc behavior.

Figure 13 shows how the principle in Fig. 11(b) for 

3.5 Achievement of non-polarity breaking by arc analysis
To study the behavior of arcs generated during 

contact switching, Fuji Electric developed arc simula-
tion technology coupling an electromagnetic field with 
a thermo-fluid(2), and it has been applied to many prod-
ucts up to now.

The high-voltage contactor has a capsule structure, 
which makes it much more difficult to observe an arc 
inside compared with other switching devices.  Infor-
mation obtained by measurement is confined to infor-
mation such as arc voltage and arc current, and this is 
not sufficient to judge how an arc behaves.

With arc analysis, it is possible to make a calcula-
tion including the external magnetic field of the per-
manent magnet.  The contact material, characteristics 
of the internal gas and effect of the gas generated from 
the material of the inside wall can all be included in 
the study.  In addition, arc behavior can be visually 
judged, and this has been applied in the initial stage 
of development and played an important role in deter-
mining the direction of the breaking mechanism.

The high-voltage contactor carries out breaking by 
stretching an arc using the magnetic field of a perma-
nent magnet to increase the arc voltage.

Figure 11 shows magnet arrangements and the 
stretching directions of arcs.  In Fig. 11(a), the per-
manent magnets have parallel magnetic flux and the 
current flowing in through the electrode on the left 
stretches to the left end of the capsule according to 
Fleming’s left-hand rule.  However, running a current 
in the reverse direction causes the arc to stretch to the 
center and a sufficient arc length cannot be obtained.

In order to allow the contactor to be used in auto-
motive quick-charging circuits, Fuji Electric devised 
a magnet arrangement as shown in Fig. 11(b) so that 
breaking can take place regardless of the direction of 
the current flow.  In the initial stage of development, 
we checked to see if a simulation could reproduce the 
magnet arrangements and arc stretching.  Figure 12 is 
an analysis of breaking with the magnet arrangement 
shown in Fig. 11(a).  The results are in close agreement 
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the targeted arc length and arc voltage can be expected 
and the prototype experiment results have shown 
equivalent characteristics.

Arc analysis makes it possible to grasp arc be-
havior and has revealed that, for example, a different 
electrode shape as shown in Fig. 15 makes a difference 
in arc stagnation.  Other findings from observing the 
behavior of evaporative gas include that the cause of 
arc restriking is an effect of stagnation of metal vapor; 
expanding the space in the capsule allows the metal 
vapor in the vicinity of contacts to diffuse; and the ini-
tial arc speed may vary depending on the difference in 
the intensity of the external magnetic field and in the 
contact material.  We have realized non-polarity break-
ing by determining the direction of the breaking mech-
anism based on these simulation results.

4.  Postscript

This paper has described simulation technology 
that supports the development of the sealed high-
voltage contactor.  Some representative examples have 
been described and, for actual development, simula-
tion has been conducted in advance for most of the 
technological items in an analysis-driven manner to 
determine a component’s feasibility.  This method is 
not confined to design and development but has come 
to be applied to the field of manufacturing technol-
ogy.  Greater performance of computers and software 
has meant many technical fields can be analyzed, but 
reproducing an entire product by simulation is still not 
realistic.  Accordingly, phenomena in a specific part 
are picked out for calculation, and this should be thor-
oughly understood before using simulation.

We intend to develop simulation technology that 
produces more practical results so as to improve prod-
uct performance and reliability.
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removing polarity can be modeled.  For the magnet ar-
rangement, we used electromagnetic field analysis to 
examine the optimum arrangement based on the mag-
netic flux distribution and vector.

Figure 14 shows the result of arc analysis of a non-
polarity model.  The results of calculation indicate that 
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1.  Introduction

Electric distribution, switching and control devices 
are used in various regions of the world, and so they 
must satisfy global requirements.  The RoHS direc-
tive*1, which went into effect in 2003 restricts the use 
of limited hazardous substances in manufacturing pro-
cesses.  It aims to prevent chemical substances harm-
ful to the environment and human bodies from being 
exposed to the natural environment.  Fuji Electric 
has been implementing appropriate measures to our 
switching and control devices for all industrial fields in 
a planned way in accordance with the effective dates of 
the RoHS directive.  These devices need to conform to 
the standards in various countries and regions, such 

HARA, Eiji *   YOSHIZAWA, Toshiyuki *   OYAKE, Yoshiaki *

Materials Technologies Supporting Electric 
Distribution, Switching and Control Devices

Electric distribution, switching and control devices, used in various regions of the world, are required to conform 
to the RoHS Directive, which restricts the use of specific hazardous substances that are harmful to the body and the 
environment, as well as other standards such as IEC, UL and CCC.  Fuji Electric completed its substitution of speci-
fied hazardous materials before the effective date of the RoHS Directive.  We are working to develop an alternative 
material for phthalic ester, which will have its usage restricted starting in July 2021.  Furthermore, we have developed 
insulating coating materials that are less susceptible to cracking and peeling even when used in the complex shapes 
and have combined materials with processing methods that improve productivity. This allowed our new products to 
be compact, save energy, and meet quality and performance requirements.

as IEC, UL and CCC, and also to satisfy energy-saving 
and space-saving requirements.

This paper describes materials technologies for 
observing environmental regulations under the recent 
standards in various countries and introduces materi-
als technologies to miniaturize products.

2.  Materials Technologies for Observing 
Environmental Regulations

2.1  Trend in environmental regulations
Manufacturers now have come to be required to 

control the concentration of chemical substances and 
reduce hazardous chemical substances contained in 
their products.  As an example, Fig. 1 shows the time 

*1:    RoHS directive:  Directive issued by the European Union 
(EU) concerning restrictions on the use of limited hazard-
ous substances in electric and electronic equipment.

2022-202120202019201820172016201520142007 2008-2013200620052004YearItem
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for the 
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percentage 
of 6 
substances

Categories 1 to 7 
and 10 From July 2006

From July 2014   
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Replacement 
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Replacement scheduled
to be completed in FY2018 Achieved ahead of schedule

Changeover to Cd-free contacts completed
   January 2016 Achieved ahead of schedule
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electrical 
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Fig.1  Time schedule of RoHS directive and actions of Fuji Electric
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schedule of the RoHS directive and the actions of Fuji 
Electric.

The RoHS directive, enforced in July 2006, defines 
10 categories of electric and electronic equipment used 
with voltages not exceeding 1,000 V AC or 1,500 V DC.  
It was made obligatory to restrict the concentration of 
6 limited hazardous substances to a level equal to or 
lower than the specified extremely low values.  These 
6 limited hazardous substances are lead (Pb), mercury 
(Hg), cadmium (Cd), hexavalent chromium (Cr6+), poly 
brominated biphenyl (PBB) and poly brominated di-
phenyl ether (PBDE).

Although category 9, which includes electric dis-
tribution, switching and control devices, had been ex-
empted from the targets, its products became applica-
ble in July 2014 in accordance with the revised RoHS 
Directive enforced in July 2011.

In June 2015, four phthalic esters were newly 
added to the restricted substances in all categories 
because they might cause (or conversely inhibit) hor-
monal action on living bodies.  It will be made man-
datory to reduce concentrations to 1,000 ppm or less 
for the products in Categories 1 to 7 and 10 from July 
2019 and for those in Category 9 from July 2021.  
These restricted substances are bis (2-ethylhexyl) 
phthalate (DEHP), butyl benzyl phthalate (BBP), dibu-
tyl phthalate (DBP) and diisobutyl phthalate (DIBP).

Phthalic esters are often used as plasticizer in ca-
bles, rubber and cast resin (see Table 1).

Cd in electrical contacts had been used as an ex-
empt application, but the exemption period expired in 
July 2016 for products in Categories 1 to 7 and 10 and 
will expire in July 2021 for non-industrial use products 
in Category 9 (July 2024 for industrial use products).  
Fuji Electric thus proceeded with developing alterna-
tive technologies for Cd in contacts and completed the 
changeover to Cd-free contacts in January 2016.

2.2  Alternative materials technologies to phthalic esters
Fuji Electric has completed confirming which prod-

ucts use phthalic esters as a material.  We are now 
making efforts to replace these 4 phthalic esters with-
out waiting for the regulation to start.  Phthalic esters 
are mainly used to enhance rubber elasticity (flex-
ibility) when added as a plasticizer to rubber (NBR, 
etc.) parts or vinyl chloride (PVC) for cable sheaths as 
shown in Table 2.  Moreover, they have the following 
benefits:

(a)  High compatibility with raw materials (separa-
tion prevention)

(b)  Improved workability (liquidity, low melting 
point)

(c)  Environmental performance (heat and cold re-
sistance)

(d)  Electrical insulation
For the changeover, alternative materials using 

different plasticizers and rubber types will be selected 
and evaluated quantitatively and one by one to check 
whether they have the performance required for prod-
ucts.  For example, their cushion and temperature 
characteristics and degradation resistance will be ex-
amined.  We plan to entirely discontinue their use in 
applicable products by the end of FY2018.

3.  Materials Technologies to Miniaturize 
Products

3.1  Coating material for “EX Series” of electronic earth 
leakage circuit-breakers

(1)  Background
The “EX Series” has achieved a reduction in the 

installation area by 30% compared with previous 
products.  This has been done by having a design with 
the same outline dimensions as molded-case circuit-
breakers.  Consequently, it requires a thinner insula-
tion coating (0.4 mm) as well as a complicated conduc-
tor shape as shown in Fig. 2.  Moreover, its insulation 
sheath (coating material) needed to be flexible to 
relieve the stress occurring during terminal tighten-
ing, and fire-resistance (self-extinguishing capability) 

Table 2  Phthalic ester composition in NBR rubber

Type Composition (wt %)

Raw rubber 46

Reinforcement material (carbon black) 23

Filler (calcium carbonate) 23

Plasticizer (phthalic ester DEHP) 5

Other (vulcanizing agent, etc.) 3

Table 1  Potential uses of phthalic esters

4 phthalic esters Cable 
(PVC)

Rubber 
(NBR, CR, CSM)

Paint,  
adhesive,  
cast resin

DEHP ○ ○ △
BBP × × ×
DBP × × △
DIBP × × ×

○:  High possibility, △:  Low possibility, ×:  No possibility

Insulation coating (black section)

Terminal

Fig.2    EX250 conductor structure and section with insulation 
coating
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to ensure resistance against abnormal overheating of 
products or fire.

There was no commercially available powder epoxy 
coating material that could be used for the insulation 
sheath of complicated shaped conductors and that sat-
isfied all the required values shown in Table 3.  There-
fore, Fuji Electric developed a new material that can 
satisfy the required performances including the push-in  
depth in a cupping test and heat cycle resistance.
(2)  Improved material flexibility

As shown in Fig. 3, when a screw is tightened on a 
conductor terminal, great stress is applied to an insu-
lation coated section.  Such stress may cause damage 
or peeling, and therefore the insulation coating mate-
rial is required to be more flexible than commercially 
available materials.

As for the material development, with the coopera-
tion of material manufacturers, Fuji Electric worked 
on improving flexibility by changing the molecular 
structure and studying organic additives.

The evaluation indices of flexibility include elonga-
tion percentage, elastic modulus and push-in depth in 
a cupping test.  The study in this paper used a cupping 
test (see Fig. 4) to verify the improvement because the 
test shows that the flexibility of the product correlate 
with the terminal screw tightening breakdown torque.  
Figure 5 shows the samples after the cupping test.  A 
commercially available material developed cracks at 
a push-in depth less than the required value.  On the 
other hand, the developed material with improved flex-
ibility attained the target of the cupping test and also 

satisfied the screw-tightening performance of the prod-
uct.
(3)  Ensuring long-term reliability

To guarantee the long-term reliability of the coated 
section, it must endure a heat cycle corresponding to 
20 years.  Figure 6 shows the result of a heat cycle test 
using different developed materials and surface treat-
ment methods.  Developed material 2 was created 
based on material 1 with optimized inorganic filler 
(composition and particle).  Its linear expansion coef-
ficient was reduced by approximately 30% compared 
with commercially available materials, which is closer 
to that of the conductor (metal).  We examined several 
methods of conductor surface treatment to improve ad-
hesion, because the degree of cracking in the insulation 

Table 3  Performance required for product

Item Required value Commercially 
available material

Dielectric strength 
(0.4 mm) 12 kV or more 17.8 kV

Tracking resistance 175 V or more 200 V

Cupping test* 7 mm or more 1 mm

Shear bond strength 20 MPa or more 13 MPa

Fire-resistance (self-ex-
tinguishing capability) Provided Provided

Heat cycle capability No crack Cracked

*   Push-in depth in a cupping test

Stress
High

Low

Fig.3    Example of analysis result of stress occurring during 
terminal tightening
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Test plate (coated part)
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Fig. 7 had a problem of causing damage to the ceramic 
insulation tube and interfacial debonding from the 
resin due to the influence of epoxy resin shrinkage.  As 
a countermeasure, we cover the valve with a silicone 
rubber sheath to relieve the stress applied to the ce-
ramic insulation tube.
(3)  Evaluation technologies for high-voltage insula-

tion parts
In the product development process, Fuji Electric 

creates quality through a performance evaluation at 
the initial stage and ensures stable manufacturing 
through a mass-production evaluation at the final 
stage.

The high-voltage insulation parts are evaluated 
with a mechanical strength test and electrical tests on 
power-frequency withstand voltage and lightning im-
pulse.  Furthermore, we verify the performance with 
an examination of characteristics at elevated tem-
peratures assuming a market environment and with a 
degradation evaluation assuming the status after long-
term use (heat, humidity and heat cycle tests).

In order to check the inside of the insulation parts 
for examining the performance of individual parts, 
we use an X-ray transmission system or an X-ray CT 
for non-destructive testing to look for internal defects 
(bubbles, cracks) and abnormally functioning sections 
(see Fig. 8).
(4)  BMC molding of bushing parts

Although epoxy vacuum casting had been used 
for the bushing parts for 12-kV VCB, we changed the 
material to BMC to improve the productivity through 
compression molding.

sheath is greatly dependent on the adhesion strength 
between the coating material and target material, By 
combining developed material 2 with highly effective 
surface treatment, we could successfully provide long-
term reliability for the insulation coating.

3.2  Materials technologies for insulation of 12-kV and  
24-kV VCBs

(1)  Background
High-voltage vacuum circuit-breakers (VCBs) need 

to conform to the IEC standards to satisfy the require-
ments in global markets as well as to address the 
needs for miniaturization and improved safety.  Con-
ventional high-voltage equipment used an air insula-
tion structure made of epoxy vacuum castings or bulk 
molding compound (BMC) moldings of thermosetting 
resin for insulation.  BMC is not adequate to miniatur-
ize the housing because a specific spatial distance was 
required to satisfy the insulation performance.
(2)  Automatic pressure gelation molding of electrode 

poles
To develop our new 24-kV VCB, we needed to min-

iaturize the housing and ensure conformance to the 
IEC standard.  We adopted solid-state insulation that 
uses epoxy resin as the insulation sheath of the main 
circuit disconnection section.  This achieved miniatur-
ization by about 40% in volume ratio compared with 
previous products.  Conventional epoxy vacuum cast-
ing however required 12 hours or more for curing, a 
period that was the bottleneck in production.  To solve 
this problem, we select a highly productive automatic 
pressure gelation method for epoxy resin molding so 
that we could quickly respond to the increase in orders 
(see Table 4).

Epoxy resin shrinks in volume while it is cured 
during molding and while it is cooled after molding, we 
thus select a resin that has a small linear expansion 
coefficient (see Table 5).  The vacuum valve shown in 

Table 4  High-voltage insulation materials and molding methods

Material Molding method Dielectric 
strength Productivity

Epoxy 
resin

Vacuum 
casting

30 kV or 
more

1 or 2 
pieces/day

Automatic 
pressure 
gelation

20 to 30 kV 10 to 15 
pieces/day

BMC 
epoxy 
resin

Com-
pression 
molding

　 10 to 20 kV 30 to 40 
pieces/day

Material feeding

Casting tank

Material (liquid)

Material
 (tablet)

Pressure

Mold

Mold

Opening/
closing

Mold

Epoxy resin

Vacuum 
chamber

Vacuum defoaming

Pressurization

Table 5    Characteristics required for epoxy resin for solid-state 
insulation and characteristics of selected material

Characteristics Requirement Measured value

Bending strength 100 MPa or more 133 MPa

High-temperature 
strength (60 °C) 80 MPa or more 99 MPa

Linear expansion 
coefficient 10 to 40 ppm/K 30 ppm/K

Dielectric strength 15 kV/mm or more 20 kV/mm

Vacuum valve

Silicone rubber

Cap

Epoxy resin

Insulating rod

Fig.7  Electrode pole structure of 24-kV VCB
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Optimizing the structure and mold is essential 
to reduce the variation in dielectric strength of high- 
voltage insulation parts.  In addition to taking the mea-
sures shown in Fig. 9, we installed a pressure sensor 
inside the mold to obtain quantitative data on internal 
changes during the molding process.  This allowed us to 
visualize the defects in the external appearance and in-
ternal condition, so that we could ensure a good dielec-
tric strength and stably achieve a high-quality external 
appearance.

4.  Postscript

This paper described materials technologies sup-
porting electric distribution, switching and control de-
vices.

We will make further contributions to offer prod-
ucts that satisfy customers and to protect the social 
environment by promoting the development of new 
materials that contribute to energy saving and minia-
turization of new products as well as conform to envi-
ronmental regulations.

Fig.8  X-ray transmission photograph of electrode pole

Gas vent
○Discharge of 
　bubbles and gas 
　(for external 
　appearance and 
　pressure resistance

Insert screw
○Simplified 
　assembly
○Ensured mounting 
　strength

Pressure sensor
○Visualization of 
　phenomenon 
　(condition 
　optimization)

Rib
○Extended creepage 
　distance
○Improved dielectric 
　strength (1.3 times higher 
　than previous products)

Fig.9  Improvements in bushing for 12-kV VCB
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1.  Introduction

Fuji Electric deals with a wide variety of prod-
ucts including distribution equipment represented 
by molded-case circuit-breakers and vacuum circuit-
breakers and switching and control devices such as 
magnetic starters and command switches.  In order to 
provide world-class products, we have been reinforcing 
our evaluation testing facilities and received certifica-
tion as the only customer-lab accredited testing labora-
tory in Japan for low-voltage products.

This paper describes Fuji Electric’s evaluation 
technologies for using facilities effectively to launch re-
liable products demanded by customers on the market 
in a timely manner.

2.  Product Reliability Improved by Evaluation

Fuji Electric has product families with various 
specifications ranging from low voltage to high voltage 
and from small currents to large currents.  For every 
product family, we provide high-quality products that 
can fulfill the requirements of the market in terms of 
not only reliability and durability but also safety such 
as breaking characteristics.  For that purpose, we con-
duct various evaluations in the development process 
from the following 4 perspectives(1):

(a)  Evaluation of elemental technologies by identi-
fying factors that determine the performance of 
products and verifying product structures

(b)  Evaluation of reliability, considering operating 
environment

(c)  Evaluation from the viewpoint of customer  
usage of products

HATA, Junichiro *   NOMURA, Koji *   SHOJI, Kazuki *

Evaluation Technologies Supporting Electric 
Distribution, Switching and Control Devices

Electric distribution, switching and control devices cover various specifications ranging from low voltage to high 
voltage and from small currents to large currents, and as such, various evaluations need to be made during the de-
velopment process to ensure that high-quality products are offered that meet the needs of the market.  Fuji Elec-
tric has been improving product reliability and development efficiency by making use of its Techno Lab, which was 
completed in December 2014, to carry out four types of evaluations, including evaluation of elemental technologies, 
evaluation of reliability, evaluation from the viewpoint of users and characteristic evaluation based on product stan-
dards.  In addition, we are enhancing our evaluation testing facilities, and have received certification as Japan’s only 
customer-lab accredited testing laboratory for low-voltage products.

(d)  Characteristic evaluation based on product stan-
dards including the IEC and UL standards.

2.1  Enhancement of product evaluation technologies
In order to efficiently create new products and 

technologies for new energy applications and global 
markets, Fuji Electric has completed constructing a 
development evaluation building called Techno Lab.  
This is a flat building of 3,600 m2, it was finished in 
December 2014 in the Fukiage area, and it is posi-
tioned as one of our global mother development centers 
(see Fig. 1).  To improve our team strength further, we 
constructed the Techno Lab adjacent to the building 
housing the development and design, production tech-
nology and quality assurance departments.  Further-
more, we have enhanced the capability of our evalua-
tion facilities and automated evaluation processes so 
that we can improve product reliability and develop-
ment efficiency.

(a) External appearance
      of Techno Lab

(b) Entrance

Fig.1  External appearance of Techno Lab and its entrance
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We invite customers from the Techno Wave 
Fukiage, our showroom that opened earlier, to the 
Techno Lab to introduce the evaluation facilities oper-
ating in the test area.  We wish to let them observe ac-
tual prototyping and testing processes from the aisles 
or on the monitors.  This will allow customers to make 
sure of our major product families and state-of-the-art 
technologies and then deepen their understanding of 
our manufacturing processes and evaluation proce-
dures.  This makes the Techno Lab the place where we 
listen to requests from customers regarding product 
specifications and evaluation.

2.2  Achieving evaluation with consideration given to 
entire product life cycle
The Techno Lab has a layout that corresponds with 

the flow of various development processes.  Develop-
ment processes include simulation in an early stage 
of development, and material study from the develop-
ment to evaluation of new materials that constitute 
products.  They also include the creation of various 
prototypes in which selected materials are actually 
used, confirmation of operation and performance dur-
ing normal use and extreme use, long-term reliability 
evaluation with consideration given to actual use, and 
even safety evaluation assuming that accidents will oc-
cur.

In addition to these, the laboratory has been re-
inforcing facilities and equipment such as a breaking 
testing facility capable of handling a high DC voltage 
(1,500 V DC, see Fig. 2).  This has been in high demand 
in both Japan and overseas in facilities related to new 
energy power generation and data centers.  We have 
also been enhancing automatic testing equipment that 
can simulate actual environmental factors.  Moreover, 
basic characteristics, mechanical endurance and insu-
lation performance of high-voltage products can all be 
evaluated within a single area.

As a result, the Techno Lab is a collection of fa-
cilities contributing to product development that accu-
rately meets market trends and needs.  It ensures that 
evaluation and verification is conducted with consider-
ation given to the entire product life cycle.

3.  Further Advancements of Evaluation 
Technologies

3.1  Product optimization through a quality engineering 
approach
In the early stage of development before the transi-

tion to the stage of creating actual product prototypes, 
simulation-based quality engineering has been applied 
to identify control factors that should be considered 
when designing component shapes and dimensions.  As 
an application example, this section describes the opti-
mization of a vacuum valve structure.

A vacuum valve that opens and closes an electrode 
in a vacuum is one of the important parts of a high-
voltage vacuum circuit-breaker (VCB).  To obtain the 
distribution of optimum magnetic flux density required 
for the arc control in a vacuum for the valve, we ap-
plied parameter design used in simulation-based qual-
ity engineering and determined the part’s shape and 
other design specifications.  Then, we measured the 
magnetic flux density of the prototype and verified the 
validity of the simulation.  We created an arc chamber 
to visualize the shape and behavior of the arc in a vac-
uum and observed the arc behavior with a high-speed 
video camera.  We also measured electrical character-
istics such as voltage and current to increase the per-
fection level of the valve design.  Figure 3 shows the ex-
ternal appearance of the arc chamber and a conceptual 
image of its contact section.

3.2  Long-term reliability verification through automatic 
testing
The IEC standard specifies direct starting (AC-3) 

and inching (AC-4) of motors as conventional general 
utilization categories for electromagnetic contactors 
(see Fig. 4).

AC-3 requires the rated current to be broken only 
after an inrush current 6 times larger than the rated 
current flows when a motor is started.  AC-4 requires a 
break when an inrush current 6 times larger than the 

Fig.2    Breaking testing facility supporting high DC voltage 
(1,500 V DC)

Vacuum
 chamber Exhaust 

equipment

Arc shape

Observation of 
arc behavior

Magnetic
field

Fig.3    External appearance of arc chamber and conceptual im-
age of contact section
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rated current flows when a motor is started. 
There is a move to revise the IEC standard con-

cerning electromagnetic contactors (change of test cur-
rent).  In order to ensure compliance with new stan-
dards, Fuji Electric has redesigned its electrical dura-
bility testing facility together with the establishment 
of the Techno Lab to allow testing of rated currents of 
9 to 800 A at 220, 440 and 690 V.

In the course of the redesign, automatic waveform 
acquisition equipment has been introduced to obtain 
electrical characteristics such as voltage and current.  
Electromagnetic contactors are required to have a long 
life of 1 to 2 million cycles to be approved for AC-3 and 
the test takes about 1 to 2 months.  From all switch-
ing waveforms recorded during an electrical durability 
test, we extract and analyze switching waveforms dur-
ing malfunctions and use them to identify the cause 
and take countermeasures.  Moreover, we automated 
the calculation and recording of arc energy and other 
factors that affect the contact wear of electromagnetic 
contactors based on the waveforms acquired during 
electrical durability tests.  This has made it possible to 
detect the change in the arc energy in relation to the 
number of switching operations and confirm whether 
the product is operating normally or not as shown 
in Fig. 5.  This results in more accurate performance 
verification.  Introducing the automatic waveform ac-
quisition equipment has also allowed us to quickly find 
signs of any abnormalities that occurred during an 
electrical durability test.  For a comparison evaluation 
under the condition of changing a shape or other de-
sign control factors, the result is related to the data of 
turning on and off electromagnetic contactors to clarify 
the significant difference of a shape change.

Using the automatic waveform acquisition equip-
ment has enabled us to predict lifespan in relation to 
contact wear based on arc energy data before the con-
tactor reaches the specified number of switching opera-
tions.  This helps to improve the electrical durability 
and reliability of electromagnetic contactors under de-
velopment.

3.3  Application example of acceleration evaluation
One of the uses of electromagnetic contactors is 

to operate the coil that activates an electromagnetic 
brake used in elevators.

An electromagnetic brake is a device that works 
both to stop and hold an elevator car at a specified po-
sition for an emergency stop or in other cases, and to 
hold a car during inspection or repair.  In the switch-
ing test performed with a electromagnetic contactor 
installed on an actual elevator, the lifespan test takes 
about 6 months because it is difficult to increase the 
test frequency due to the heat generated from the 
entire equipment and the mechanical limitation on 
an opening and closing motion.  There was a need to 
evaluate the switching performance in a shorter pe-
riod, so we conducted the acceleration evaluation test 
described below.

First, we prepared a coil for an actual electromag-
netic brake and acquired voltage and current wave-
forms in a circuit configuration equivalent to the actual 
equipment.  An actual electromagnetic brake uses 
full-wave rectification to turn on the electromagnetic 
contactor and then changes to half-wave rectification 
for control.  This acceleration evaluation test, however, 
was conducted under a severe condition to use full-
wave rectification only (see Fig. 6).  Based on the actual 
waveform, we adjusted a time constant and a current 
under artificial load (reactance and resistance) to rep-
resent equivalent circuit conditions and enable the per-
formance of electromagnetic contactors to be verified.

From this alternative evaluation test, we deter-
mined the operation durability in actual use and set 
the operating cycles per hour higher than that in the 
actual use because an artificial load was used for the 
test.  Consequently, we completed the test in 3 months, 
which is 50% of the conventional time needed, and 
could provide the product demanded by the customer 
faster.

Test current

6 times larger current

ON
OFF

OFF

Rated current

Electromagnetic
 contactor

(a) Direct starting of a motor (AC-3)

Test current

6 times larger current

ON
Electromagnetic

 contactor
(b) Inching of a motor (AC-4)

Fig.4    Typical utilization categories for electromagnetic contac-
tors

Performance can be 
evaluated before the 
specified number 
is reached.

Cumulative arc 
energy line showing 
contact wear limit

Specified number

100 200
Number of switching (10,000 times)

C
u

m
u

la
ti

ve
 a

rc
 e

n
er

gy
 (

J)

Structure:  A
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Fig.5    Cumulative arc energy for electromagnetic contactor 
AC-3 (switching on/off)
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tablish the management system in order to be accepted 
as a member of the IECEE CB Scheme.

To provide management compliant with ISO 
17025, it is necessary to standardize the management 
system of the laboratory.  We prepared 12 individual 
management criteria documents to ensure that the 
laboratory management system agrees with already-
established laboratory standards compliant with the 
UL standard.  These criteria documents clearly specify 
various management items including organizational 
structure; test operation flow; management of docu-
ments, records and important consumables (including 
traceability); listing of standards-compliant testing 
facilities and measuring instruments; and even pro-
cedures for allowing certification and calibration of 
measuring instruments based on the requirements of 
standards.

Moreover, in order to allow anyone to accurately 
conduct tests supported by standards, we prepared the 
following testing procedure documents for each product 
and established a laboratory management system com-
pliant with ISO 17025:

(a)  IEC 60947-1 (General requirements)
(b)  IEC 60947-2 (Molded-case circuit-breakers, 

earth leakage circuit-breakers)
(c)  IEC 60947-3 (Switches, disconnectors)
(d)  IEC 60947-4-1 (Magnetic starters)
(e)  IEC 60947-5-1 (Command switches, auxiliary 

devices)
(2)  Retaining and developing the capabilities as an 

accredited laboratory
From now on, Fuji Electric will retain and develop 

the capabilities as an accredited laboratory by having 
annual audits conducted by a certification body (ap-
pointment laboratory).  We were granted certification 
for Stage II (WMT) this time, and we are looking to 
upgrade it to Stage III (SMT) and Stage IV (RMT) (see 
Table 1).

It is expected that new products incorporating 
new technologies will be developed as a future market 
trend.  Fuji Electric is committed to being a higher-
level accredited laboratory by continuously improving 

3.4  Establishing a management system for obtaining 
certification
Since electric distribution, switching and control 

devices are used under various different conditions 
such as in power distribution switchgear, operation 
and control panels and machine tool panels, there are 
a lot of relevant standards.

In order to provide highly reliable products satisfy-
ing these standards in a timely manner, it is necessary 
to obtain certification more quickly by establishing a 
test system that can provide management compliant 
with ISO 17025 and conduct the in-house tests re-
quired by IEC and UL standards.
(1)  Establishing a management system for a testing 

facility compliant with ISO 17025
ISO 17025 is an international standard of general 

requirements regarding the capability of testing facili-
ties and calibration institutions.  Fuji Electric estab-
lished a management system in 2011 to be a member 
of the Client Test Data Program (CTDP) of the UL 
standard based on these requirements.

Under this management system, we started work-
ing to obtain laboratory accreditation as Customers’ 
Testing Facilities (CTF) from TÜV Rheinland, which 
provides third-party inspection services, for the pur-
pose of obtaining certification under the IEC standards 
in the “EX Series” under development.  The Techno 
Lab has been accepted as a member of the IECEE CB 
Scheme, which is a system of testing and certifying the 
conformity of electrical equipment and parts, and has 
prepared a management system that can issue CB test 
reports by 2016 (see Fig. 7).

Consequently, the period for obtaining the certifi-
cation can be shortened greatly and certification under 
the IECEE CB Scheme will also be possible in product 
development for various products in the future.  More-
over, Fuji Electric has had its evaluation technologies 
approved by TÜV as the only customer-lab accredited 
testing laboratory in Japan for low-voltage products.  
This proves our high level of evaluation technologies.

The following describes the actions we took to es-

Fig.7  Certificate of acceptance to IECEE CB Scheme

Electro-
magnetic 
contactor

Voltage 
between 
contacts

Artificial load currentHalf-wave 
rectification

Full-wave
rectification

Actual load current on brake coil

OFF OFF

ON

0

0

Fig.6    Waveform comparison between actual load and artificial 
load
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evaluation technology levels and learning highly reli-
able evaluation technologies that will be recognized for 
certification testing.

4.  Postscript

This paper described evaluation technologies sup-
porting electric distribution, switching and control de-
vices.

Fuji Electric will improve its development effi-
ciency by more efficiently operating existing facilities.  
The purpose is to satisfy our customer needs further 
and to launch highly reliable, high-quality products on 
the market in a timely manner.  We will also encour-
age our evaluation engineers to actively talk with cus-
tomers to collect opinions from the market and incor-
porate them into the product specifications and evalua-
tion items and criteria.  Through these efforts, we will 
continue with product development evaluation aiming 
to have products that are safe, secure and easier to use 
for our customers.

References
(1) Miyazawa, H. et al. Product Evaluation of Power Dis-

tribution, Switching and Control Equipment Compo-
nents. FUJI ELECTRIC REVIEW. 2014, vol.60, no.3, 
p.184-189.

Table 1  Types of testing facilities under CB Scheme

Stage
Type of 
testing 

facilities

Official  
designation

Report  
acceptance 

method
Scope

I TMP
Testing at 
Manufacturer’s 
Premises

Personnel from a 
CB Testing Labo-
ratory (CBTL) 
perform testing at 
a manufacturer’s 
testing laboratory.

Mainly the 
management 
of measuring 
instruments 
and facilities

II WMT
Witnessed  
Manufacturer’s 
Testing

Personnel from 
a CBTL witness 
test performed at 
a manufacturer’s 
site.

Management 
compliant  
with 
ISO17025
(Management 
and evalua-
tion)

III SMT
Supervised 
Manufacturer’s 
Testing

Testing is per-
formed at a manu-
facturer’s testing 
laboratory under 
the supervision of 
a national certifi-
cation body.

Management 
compliant  
with 
ISO17025
(Management 
and evalua-
tion)

IV RMT
Recognized 
Manufacturer’s 
Testing

The test result 
from an ISO/
IEC17025 accred-
ited laboratory is 
accepted.

Management 
compliant  
with 
ISO17025
(Management 
and evalua-
tion)

 : Current certification
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In recent years, the electronic control of automo-
biles has brought about the increased scale of electri-
cal equipment, and as a result, the semiconductors 
mounted in such equipment need even higher reliabil-
ity and more multiple functionality, as well as lower 
current consumption.

Intelligent power switches (IPSs) are being used 
for electrical systems of engines, transmissions and 
brakes.  These IPSs integrate power metal-oxide-
semiconductor field-effect transistors (MOSFETs) for 
output stage and control and protective circuits on a 
single chip.  There are two types of IPSs:  a high-side  
IPS configured with a semiconductor device on the 
power supply side and the load on the ground side, and 
a low-side IPS that uses the opposite configuration.  
In order to satisfy the strict safety requirements, the 
increasing scale of electrical systems demand higher 
redundancy.  Up until now, switches that connect bat-
teries and electrical systems have mostly used contact 
relays or discrete MOSFETs without protective func-
tions.  However, problems have been existing in that 
contact relays are not as durable as semiconductors 
and discrete MOSFETs cannot protect themselves in 
the event that the electrical system malfunctions.

To cope with this, Fuji Electric’s high-side IPS is 
equipped with self-protection functions and a state out-
put terminal, thus providing instantaneous protection 
in the event of electrical system malfunction.  Further-
more, it is capable of responsive control that increases 
system redundancy by informing the microcomputer 
(CPU) of malfunctions.  Applications that connect bat-
teries with electrical systems need low battery con-
sumption.  Therefore, we have developed the “F5112H” 
4th-generation high-side IPS for automotive applica-
tions as a unit that reduces current consumption more 
effectively than previous products.

1.  Product Overview

Figure 1 shows the external appearance, outline 
drawing and terminal arrangement for the F5112H.  
The 4th-generation IPS device technologies and pro-
cess technologies(1) have made it possible to change 
output-stage power MOSFETs from conventional pla-
nar gate MOSFETs to trench gate MOSFETs.  Fur-
thermore, smaller design rules have been adopted for 
the circuit portion with respect to the mounted devices 

ZHANG, Yanzheng *   TOYODA, Yoshiaki *   MORISAWA, Yuka *

“F5112H,” 4th-Generation High-Side IPS for 
Automotive Applications

themselves while the chip area has been reduced by 
applying multi metal layer technology.  Moreover, com-
pared with conventional products, current consump-
tion has been significantly reduced (93% reduction 
compared with previous products).

2.  Characteristics

Figure 2 shows the circuit block diagram of the 
F5112H, Figure 3 shows the internal power supply cir-
cuit diagram, Table 1 shows the absolute maximum 

Terminal No. Terminal name
(1)
(2)
(3)
(4)

(5) to (8)

IN
ST

GND
OUT
VCC

(5)(8)

(4)

0.4 0.15

(Unit: mm)

1.27

1.905

4.
4

5.0

6.
1

(1)

Fig.1    “F5112H” external appearance, outline drawing and ter-
minal arrangement

VCC

GND

OUT

Internal
power supply

Over-
temperature

detection

Short-
circuit

detection

IN

ST
Over-

current
detection

Under-
voltage

detection

Logic
circuit

Level shift
driver

Open load
detection

Fig.2  “F5112H” circuit block diagram
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ratings, and Table 2 shows the electrical characteris-
tics.  In addition, it comes equipped with the following 
functions:

(a)  Over-temperature, over-current and load short-
circuit protection functions

(b)  Low power supply voltage working guarantee 
(4.5 V and higher)

(c)  Inductive load clamp function
(d)  Load state output terminal (ST)
(e)  Open load detection function

The F5112H reduces the maximum value for the 
current consumption from the previous value of 3 mA 
to 200 µA.  As shown in Fig. 3, previous products were 
designed so that all internal power supplies operated 
when the batteries were connected to the VCC termi-
nal, regardless of the state of the IN signal.  In con-
trast to this, the F5112H is equipped with a switch for 
turning off the power to ensure that the internal power 
supplies do not operate, and that only the open load 
detection circuit operates when the IN signal is off.  As 
a result, it has reduced current consumption, which is 

a requirement for applications that connect batteries 
and electrical systems.

Table 1  “F5112H” absolute maximum ratings

Item Symbol Condition Rating

Power supply voltage (V)
V cc(1) Pulse 250 ms 50

V cc(2) DC −0.3 to +35

Output current (A) I D
DC, internal limit value 

dependent 2

Power consumption (W) P D DC, * 2

Input voltage (V)
V IN(1) DC, R IN = 0 Ω −0.3

V IN(2) DC 7

Input current (mA) I IN DC ±10

Status voltage (V)
V ST(1) DC, R ST = 0 Ω −0.3

V ST(2) DC 7

Status current (mA) I ST DC ±10

Inductive load capabil-
ity (mJ) E cl

T j = 150 °C, V cc = 13 V, 
V IN = 5 V, L  = 50 mH, 

Single pulse,  
dV OUT/dt  ≤ 5 V/µs

25

Junction temperature (°C) T j — 175

Storage temperature (°C) T stg — −55 to +175

*   When mounting a glass epoxy 4-layer substrate [10 ×  5 ×  1.2 (mm)]

Internal power
supply

(always ON)

Internal power
supply (operates
only when ON)

Open load
detection circuit

Other
circuits

VCC

GND GND

Current 
consumption
small when OFF

Switch

Internal power
supply

(always ON)

Circuit

VCC

Current 
consumption
large 
when OFF

Current 
consumption
0 A when 
OFF

IN

(a) F5112H (b) Previous product

Fig.3  “F5112H” internal power supply circuit diagram

Table 2  “F5112H” electrical characteristics

Item Symbol Condition
Standard value

Min. Max.

Operating power supply volt-
age (V)

V cc
T j = −40 to

+175 °C
4.5 16

Under-voltage detection (V) UV 1 V IN = 5 V 2 4.3

Under-voltage recovery (V) UV 2 V IN = 5 V 2.2 4.5

Current consumption (standby 
power supply current) (mA)

I cc(L)1
R L = 10 Ω
V IN = 0 V

— 0.2

I cc(L)2
OUT open
V IN = 0 V

— 0.2

Operating power supply current 
(mA)

I cc(H)
V IN = 5 V
R L = 1 kΩ

— 5

Input threshold voltage (V)
V IN(H) V cc = 4.5 to 16 V

R L = 10 Ω

3.0 —

V IN(L) — 1.5

Input current (µA)
I IN(H) V IN = 5 V 5 70

I IN(L) V IN = 0 V −10 10

On- resistance (Ω) R DS(on)

I L = 1.5 A
T j = 25 °C

— 0.12

I L = 1.5 A
T j = 175 °C

— 0.27

Output leakage current (mA)

I OH
V OUT =Vcc

V IN = 0 V
— 2

I OL
V OUT = 0 V
V IN = 0 V

−0.24 —

Over-current detection (A) I OC
V cc = 13 V
V IN = 5 V

2 7

Lower peak current in over-
current mode (A)

PeakI

V cc = 13 V
V IN = 5 V

— 45

Lower cycle in over-current 
mode (ms)

Per — 3

Lower duty cycle in over-current 
mode (%)

Duty — 20

Over-temperature detection  
(detection) (°C)

T trip1

V IN = 5 V

— 207

Over-temperature detection 
(recovery) (°C)

T trip2 175 —

Turn ON delay time (µs) t ACCON

V cc = 13 V
R L = 10 Ω

V IN = 5 V − 0 V

— 140

Turn OFF delay time (µs) t ACCOFF — 140

Turn-on time (µs) t r — 200

Turn-off time (µs) t f — 100

Status voltage L level (V) V ST(L)

V IN = 0 V
R L = 10 Ω

I st = 0.6 mA
— 0.5

Status leakage current (µA) I STleak

V IN = 5 V
R L = 10 Ω
V st = 7 V

— 10

Status delay (µs)
t ST(on)

V cc = 13 V
R L = 10 Ω

V IN = 5 V − 0 V
V st = 5 V

— 200

t ST(off) — 200

Inductive load clamp voltage (V) V clamp

V IN = 0 V
I L = 1.0 A

L = 10 mH

− (50
 − V cc)

− (60
 − V cc)

Open load detection voltage (V) V OIH
V IN = 0 V

V ST = L →  H
4 —

Open load recovery voltage (V) V OIL
V IN = 0 V

V ST = H →  L
— 1.6
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Reference
(1) Toyoda, Y. et al. “60 V-Class Power IC Technology for 

an Intelligent Power Switch with an Integrated Trench 
MOSFET”. ISPSD 2013, p.147-150.
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Energy consumption has been increasing steadily 
due to an increase in the global population mainly in 
developing countries, economic development in China 
and other countries, and a greater volume of informa-
tion being processed as a result of today’s IT innova-
tion.  In order to make effective use of limited energy 
resources, it is necessary to save energy by using re-
newable energies, including photovoltaic and wind 
power generation and enhancing the efficiency of 
power supplies.  Power supplies are used in a wide va-
riety of products, ranging from those for industrial use 
such as communication power supplies and EV charg-
ing stations to those for general household use such as 
TVs.  These power supplies use semiconductor switch-
ing elements in their power conversion section.  Espe-
cially for equipment with medium or lower capacity for 
which miniaturization is required, power metal-oxide-
semiconductor field-effect transistors (MOSFETs) are 
mostly used because they are capable of operating at 
high frequency.  Power MOSFETs, which are the prin-
cipal part of the power conversion section, are required 
to lower power dissipation and size to improve effi-
ciency and miniaturize these power supplies.

1.  Product Line-Up and Major Characteristics

To improve the power dissipation of power MOS-
FETs, Fuji Electric has launched the 2nd-generation 
low power dissipation SJ-MOSFET “Super J MOS  
Series,” which employs a superjunction structure, 
and replaced the conventional planar MOSFETs with 
them.  Figure 1 shows the trend of the normalized 
RDS(on)·A performance of power MOSFETs.  The on-
state resistance RDS(on)·A, which is normalized with 
the unit area for a withstand voltage class of 600 V, 
has been reduced by improvements made over genera-
tions.

To downsize the power conversion section, Fuji 
Electric launched the new products mounted in a sur-
face-mount dual flat nonlead (DFN) 8×8 package that 
is smaller and thinner than the conventional D2-PACK 
package.  They are included in the latest series of  
“Super J MOS S2 Series” (S2 Series) and “Super J 
MOS S2FD Series” (S2FD Series), which has a para-
sitic diode faster than that of the S2 Series.  We have 
started their delivering samples.  Table 1 shows the 
product line-up and major characteristics of the new 

SHIMATO, Takayuki *   WATANABE, Sota *   YASUDA, Yoshihiro *

“Super J MOS S2 Series” and “Super J MOS S2FD 
Series” with DFN 8×8 Package

products.

2.  Features

2.1  Compact and low profile
Figure 2 shows the external appearances of DFN 

8×8 package and the D2-PACK package, which is a 
conventional surface mount package.  The main fea-
tures of DFN 8×8 package products are as follows:

(a) Footprint:  58% smaller
(b) Package height:  81% lower
(c) Package volume:  92% smaller

Table 2 shows on-state resistances per unit foot-
print and per unit mounting volume.  Although its 

Planar
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Super J MOS
S1 Series 

(1st generation)
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(2nd generation)
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Fig.1    Trend of Ron·A performance of power MOSFET (600 V 
withstand voltage class)

Table 1    Product lineup and major characteristics of DFN 8×8 
package

Series name Type

On-state  
resistance

RDS(on) max.
(mΩ)

Withstand 
voltage
VDS (V)

Super J MOS
S2 Series

FML60N091S2 91

600

FML60N103S2 103

FML60N115S2 115

FML60N146S2 146

FML60N187S2 187

FML60N223S2 223

Super J MOS
S2FD Series

FML60N093S2FD 93

FML60N104S2FD 104

FML60N118S2FD 118

FML60N150S2FD 150

FML60N191S2FD 191
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minimum on-state resistance is larger, DFN 8×8 pack-
age products have reduced the on-state resistances 
per unit footprint and per unit mounting volume by 
52.2% and 91.0% respectively, compared with D2-
PACK products.  This proves that a DFN 8×8 package 
is a suitable package for compact power supplies with 
higher power density.

2.2  Low switching loss
Figure 3 shows the gate drive circuits of a DFN 

8×8 package product and a typical 3-terminal pack-
age product, such as TO-220 or D2-PACK.  A typical 
3-terminal package product has a structure where 
inductance Ls such as lead inductance and source 
substrate wiring inductance inside the package are 
included in the gate drive circuit.  Consequently, dur-
ing MOSFET switching operation, a back electromotive 
force is generated on Ls by the time derivative of drain 
current dId/dt and affects the gate drive circuit.  This 
back electromotive force works to reduce the gate volt-
age when the MOSFET is turned on, and to increase 
the gate voltage when the MOSFET is turned off.  
This causes a delay in the switching time and hinders 
any attempt to reduce the switching loss and achieve 
higher frequency.

On the other hand, with DFN 8×8 package prod-
ucts, adding a sub-source terminal can separate Ls 
from the gate drive circuit and eliminate the influence 
of the back electromotive force generated on Ls.  As 
a result, shortening the switching time reduces the 

switching loss and achieves higher frequency.
Figures 4 and 5 show the gate resistance depen-

dency of turn-on loss and that of turn-off loss, respec-
tively, concerning a comparison of a DFN 8×8 pack-
age product and a 3-terminal package product when 
used in a chopper circuit.  For the measurement, we 
used the “FML60N150S2FD” (600 V, 150 mΩ) as the 
DFN 8×8 package product, and the TO-220 package 
“FMP133S2FD” (600 V, 133 mΩ) as a 3-terminal pack-
age product.  The measurement conditions were:  VDD 
= 400 V, ID = 20 A and VG = 10 V.

The DFN 8×8 package product showed a great 
improvement in both turn-on loss and turn-off loss in 
the entire range of 0 to 20 Ω of the external gate resis-

Table 2    On-state resistances per unit footprint and per unit 
mounting volume

Package

Possible mini-
mum on-state 

resistance
RDS(on)

On-state  
resistance per 
unit footprint
RDS(on)(max)·S

On-state  
resistance per 
unit mounting 

volume
RDS(on)(max)·V

Ω Ω· mm2 Ω· mm3

DFN 8×8 0.090 5.76 4.90

D2-PACK 0.079 12.04 54.18

Reduction 
ratio − 52.2% 91.0%

8 15.24

10

(Unit: mm)

Gate

Gate
Sub-source

Source

Drain
(backside)

Drain (backside)

Source
t: 0.85 t: 4.5

8

(a) DFN 8 × 8 package (b) D2-PACK package

Fig.2  External appearance of package

PWM
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MOSFET
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L sSub-source

Source

Gate Drain current
Id

VGS

(a) DFN 8×8 package product

PWM

MOSFET

Drain

L sSource

Gate Drain current

GND

Id

VGS

(b) 3-terminal package product

GND

VDS

VG

VDS

Fig.3    Drive circuits of DFN 8×8 package product and 3-termi-
nal package product

3-terminal package product 
(TO-220 package)

DFN 8×8 package product

0 5 10 15 20
External gate resistance R g (Ω)

700

600

500

400

300

200

100

0

T
u

rn
-o

n
 lo

ss
 (

µJ
)

Fig.4  Turn-on loss



201“Super J MOS S2 Series” and “Super J MOS S2FD Series” with DFN 8×8 Package

N
ew

 P
ro

du
ct

s

tance.  When the external gate resistance is 10 Ω, turn-
on loss is reduced by 75% and turn-off loss is reduced 
by 35%.
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