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Cover Photo:
Fuji Electric provides systems, components and solutions in 
various fi elds.  For example, some of our products include 
main circuit electrical equipment for next-release N700S 
Shinkansen verifi cation test trains (*), exhaust gas cleaning 
systems for marine vessels (SOX removal cyclone scrubbers) 
and high-power, direct liquid cooling modules for automotive 
applications.  In addition, we provide EMS packages for 
realizing factory visualization, as well as vending machines, 
counter fi xtures and store air conditioning solutions for 
various situations and needs.  We are creating new value 
for our customers not only in Japan, but also in regions 
with high growth potential such as Southeast Asia, India 
and China.
(* Photo courtesy of Central Japan Railway Company)
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Through our pursuit of innovation in energy and environment 
technology, Fuji Electric creates environmentally friendly products and 
systems for using energy stably and most effi  ciently.  We have been 
conducting research and development to thoroughly pursue value for 
customers by creating competitive components, building distinctive 
systems characterized by the use of these components, and leveraging 
the Internet of Things (IoT) technology to connect these systems.  

This issue compiles the technical achievements of FY2018 and 
summarizes the outlook for the future.  We hope that this issue will be 
helpful to create a new society.
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Since its foundation in 1923, Fuji Electric has 
always pursued innovations in energy and environ-
ment technology, making its contributions to society 
in the field of industrial and social infrastructure.  
The international community today engages in vari-
ous environmental initiatives, such as the Paris 
Agreement, an international framework for mitigat-
ing greenhouse gas emissions, and the Sustainable 
Development Goals (SDGs), which aim to realize 
sustainable societies.  Businesses are also expected 
to proactively participate.

In these circumstances, Fuji Electric pursues 
environmentally-aware manufacturing through the 
development of technologies and products that fa-
cilitate efficient use of electric and thermal energies, 
reduction of greenhouse gas emissions and effec-
tive utilization of resources.  In June 2019, we an-
nounced the Environmental Vision 2050, as the ob-
jectives for our medium-to-long-term environmental 
activities.

At present, Fuji Electric operates in four busi-
nesses comprising five segments: Power Electronics 
Systems, which consists of the energy and industry 
segments; Electronic Devices; Power Generation; 
and Food and Beverage Distribution.  Fuji Electric’s 
Five-Year Medium-Term Management Plan sets 
forth to achieve net sales of 1 trillion Japanese yen 
and an operating margin of at least 8.0% during the 
period starting from fiscal 2019 and ending in fis-
cal 2023, which marks the 100th anniversary of the 
company’s foundation.  To achieve these goals, we 
plan to deploy our resources mainly in power elec-
tronics systems and power semiconductors for elec-
tronic devices, dedicating 80% of our research and 
development budget to them.  Through these efforts, 
we will create new products with clearly identified 
value for customers.

In the energy solutions of the power electron-
ics systems business, we roll out products such as 
switchgear, transformers and protective relays, as 

well as systems that incorporate these to the social 
infrastructure and industrial markets.  These prod-
ucts are based on our large-capacity power electron-
ics technology and energy monitoring and control 
technology.  In the field of transmission and distri-
bution systems, we have developed the world’s small-
est 115-kV, 50-MVA transformer in terms of its size, 
mass and oil volume, targeting the global market 
where the demand for electric power is expected to 
grow in the future.  We also had our first success 
in delivering new 145-kV gas insulated switchgear 
(GIS) compliant with the latest international stan-
dards to power companies abroad.

In the industry solutions of the power electron-
ics systems business, we aim to expand our over-
seas operations by creating competitive components 
based on power electronics systems technology and 
bolstering system sales in combination with control 
and IoT technologies.  In the field of automation, we 
have developed inverters, servos, measuring equip-
ment, controllers and other components, as well as 
controlling systems combining these, to contribute 
toward enhanced productivity and energy saving.  
To leverage the IoT, we have developed and mar-
keted a new edge device, “OnePackEdge System,” 
which collects time-synchronized data from vari-
ous devices at production sites, accumulates the 
data centrally and provides analytical services.  
Furthermore, analytics AI will be applied to create 
new value such as EMS, predictive diagnosis, qual-
ity analysis and quality improvement.  Focusing on 
the marine field, we have also leveraged the electro-
static precipitator and water treatment technologies 
that we have fostered over the years to develop an 
exhaust gas cleaning system for marine vessels, en-
suring compliance with regulations on sulfur oxides 
(SOX) and particulate matter (PM).  In the field of 
control devices, we approach markets that require 
high reliability, such as lifeline infrastructure, by 
developing duplex programmable controllers and 
high-speed controllers for electrical machinery con-

Contributing to the Creation of Sustainable 
Societies Through Energy and Environment 
Businesses Centered on Power Electronics 
Systems and Power Semiconductors

Preface
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trol.  These enable highly reliable high-speed drive 
control systems, such as those for steel plants.

In the field of power semiconductors for the elec-
tronic device business, we have developed power 
semiconductor chips using silicon carbide (SiC), 
which is superior to a conventional silicon semicon-
ductor in terms of low resistance, high breakdown 
voltage, and high operating temperature.  Using the 
chips, we have developed SiC modules with world-
class performance.  These products are used for 
next-generation high-speed railways, contributing to 
a reduction of size and weight.  Their performance 
evaluation is currently under way. 

With power electronics systems and power semi-
conductors as the core technology, we are com-
mitted to the electrification of rapidly advancing 
transportation systems as our important target.  
We have therefore developed compact, lightweight 
power semiconductor modules for automotive ap-
plications by using Fuji Electric's unique technolo-
gies for power semiconductors, heating and cooling, 
and modularization.  We are developing automotive 
power electronics equipment using them as well.

In the field of power generation, we are shift-
ing our business to renewable energy as the world is 
increasingly being driven toward decarbonization.  
Fuji Electric received orders for four solar power 
generation plants as entire process of engineer-
ing, procurement and construction (EPC) projects 
and completed them in fiscal 2018.  Of them, the  
Tomakomai Mega Solar Power Station No. 1 is one 
of the largest facilities in Japan with storage batter-
ies, and it complies with the technical requirements 
of the Hokkaido Electric Power Co., Inc. for mea-
sures against output fluctuation.

In the field of food and beverage distribution 
business, we are working on the challenge of im-
proved convenience, labor and energy saving in re-
sponse to constant manpower shortages.  For ex-
ample, we pursue the development of coffee mills 
that require less cleaning and IoT technology to 

simplify work processes.  In the same vein, we have 
improved a coffee machine with an enhanced cof-
fee extraction process, making it possible to provide 
tastier coffee more quickly and reduce customer’s 
stress due to waiting time.

Furthermore, our R&D pursues fundamental 
technology that is applicable  to a wide range of 
products, as well as advanced technology in an-
ticipation to the future.  More specifically, we build 
more solid technological basis by integrating exist-
ing technology with digital technology.  Examples 
of this include a molecular simulation technology 
to identify defective structures in the boundary be-
tween a SiC semiconductor and a gate oxide film; 
model-based designing technology to develop the de-
tailed models for control amplifiers, motors and me-
chanical loads of a servo system; and image recogni-
tion technology with AI for the automation of visual 
examination processes.

The corporate mission of Fuji Electric is to 
“pledge as responsible corporate citizens in a global 
society to strengthen our trust with communities, 
customers and partners,” and our slogan is “To be 
enthusiastic, ambitious and sensitive.” What this 
represents is the “enthusiasm” for creating new 
technologies and products in order to make contri-
butions to society; “ambitious” objectives backed 
by firm determination to overcome any difficulty; 
and the “sensitivity” that derives from gratitude to-
ward our customers and colleagues as well as family 
members, who support us.  These kinds of feelings 
and attitudes comprise the DNA of Fuji Electric.

This slogan is the anchorage for our teams of 
diverse members, as we strive to contribute to the 
creation of responsible and sustainable societies.  As 
Fuji Electric engages in these challenges, we would 
like to ask all of our stakeholders for their continued 
support and understanding.

President and Chairman of the Board of Directors

KITAZAWA, Michihiro
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According to the Fifth Assessment Report (2013) of the Intergovernmental Panel on Climate Change (IPCC), 
compared with the end of the 20th century the world average temperature will rise by 2.6 degree C to 4.8 de-
gree C by the end of the 21st century (2081 to 2100) if no effective global warming countermeasures are taken.  
The international community can no longer delay the mitigation of greenhouse gases such as CO2 emissions.  
By a curious coincidence, Japan underwent a crucial turning point in its energy policy due to the Great East 
Japan Earthquake that occurred in 2011.  What contributions should Fuji Electric make, as a manufacturer 
with strengths in power electronics and control technology, to the development of a distributed energy system?  
Professor Akihiko Yokoyama, a leading specialist in electric power systems engineering from the University of 
Tokyo’s Graduate School of Engineering, talks with Shiro Kondo, Fuji Electric’s Corporate General Manager 
of the Corporate R&D Headquarters, on the potentials and challenges in relation to hardware and systems in 
the energy system.

How to Apply the Fusion of Analog and Digital 
Technologies in Future Smart Energy Systems
YOKOYAMA, Akihiko Professor, Department of Electrical Engineering and Information Systems, Graduate School of 

Engineering, the University of Tokyo

KONDO, Shiro Corporate General Manager, Corporate R&D Headquarters, Executive Offi cer, Fuji Electric Co., Ltd.

Toward the Creation of Sustainable Societies

Special Conversation

Distributed energy systems and 
their technical challenges

Kondo: One of Fuji Electric’s management policies 
is “Through our innovation in energy and environment 
technology, we contribute to the creation of responsi-
ble and sustainable societies.”  Following the 2016 
Paris Agreement, Japan set its CO2 reduction targets 
as 26% by 2030 and 80% by 2050.  Fuji Electric 
believes that we should develop our business through 
solving the challenges in society to achieve these goals 
because we have been operating our energy-related 
business for many years with technologies of power 
electronics, control and power generation.

  I hope we can learn from your valuable opinions 
on the direction for us to take as a manufacturer.

Yokoyama: Thank you for inviting me today.  As you 
know, the Great East Japan Earthquake brought 
about a major transformation to the power supply sys-
tems.

  One of the changes is the power system reform.  
The deregulation of power generation and retail has 
allowed many new operators to enter the market.  
This change is expected to lead to the reduction of 
power rates and diversifi ed services through the prin-
ciple of competition.  For consumers, they will have 
more power suppliers to choose from.

  Another change is the massive introduction of dis-
tributed renewable energy sources.  Fluctuating natu-
ral power sources, introduced on a large scale, have a 
signifi cant bearing on the stable operation of power 
grid systems.  Academically, it gives us more research 
topics, and these are very challenging.  

Kondo: As power systems change, we face many 
technical challenges we need to solve.  Take distribu-
tion networks, introducing dispersed power sources of 
extremely low energy densities requires the balance 
between supply and demand to be maintained within 
the networks.  In terms of the direction of the system, 
should this be confi gured with one central power 
source on the trunk line and power grids in clusters 
underneath it?

Yokoyama: When a large quantity of fl uctuating natu-
ral power sources is introduced to a power grid, prob-
lems fi rst occur in the local distribution area.  The 
problems are such as voltage increasing, defi ciency of 
transmission and short-circuit capacities, and reverse 
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Electrical Engineering, Graduate 
School of Engineering, the 
University of Tokyo
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May 2017 - May 2018: President of 
the Institute of Electrical Engineers 
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power fl ow in distribution lines.  Clustering would 
solve these problems, but in turn the clustered sys-
tems between themselves become other problems.  
The clustered system is sometimes called a demand 
area power system in Japan. One demand area power 
system may affect other demand area power systems 
via their high-voltage upper-level power grid.  
Eventually the entire trunk line system will be 
affected.

Kondo: In this case, it would be necessary to coordi-
nate a system to manage distributed power resources 
in each demand area power system and a system to 
manage the energy balance between these power sys-
tems.

Yokoyama: Yes, as you say, a system to do such coordi-
nation will be needed at some stage.

Kondo: From the viewpoint of power electronics, 
which is our strength, the basic point in a smart grid 
is to transmit energy reasonably in time and space.

Yokoyama: “Reasonably in time and space,” wonder-
fully put.

Kondo: The ideal for Fuji Electric as a manufac-
turer is to create competitive components and apply 
them in developing a system-based business.  In other 
words, we aim to be a strong contributor in system 
solutions through the development of equipment.  
What would you like to see in these equipment?

Yokoyama: If distributed fl uctuating natural power 
sources are introduced into the power system in a 
large scale and starts causing fl uctuations in the 
demand-supply balance, it will be necessary to control 
power demand, output of fl uctuating natural power 
sources, and so on.  Meanwhile, the global trend of 
consumers taking action toward carbon-free society to 
mitigate global warming will accelerate the popular-
ization of electric vehicles (EV).  An enormous number 
of consumer equipment, including these EVs, must be 
controlled through communication networks, for 
which we will need inexpensive and reliable control 
equipment.

Kondo: I see the important aspect of parallel and 
simultaneous optimizations of power grids and net-
works for controls.  Current equipment connected to 
the smart grid is in fact diverse, from smart meters to 
transformation units, with varying degrees of data 
capacities and real-time properties.  Communication 
network systems also come with many options, such 
as choices between wired and wireless, or between 
local and open standards.  In this sense, the path of 
optimization will not be smooth.

  The fi fth-generation (5G) cellular network system, 
scheduled for commercialization in 2020, will improve 
the real-time property, which would differ from the 
current level of network precision.  What do you 
expect from the 5G network?

Yokoyama: I think it will enhance the communication 
volume and speed, which will enable control of numer-
ous consumer equipment at high speeds.  I anticipate 

that EVs will be an important point for consideration.  
EVs will be a valuable means of controlling power sys-
tem stability if they are controlled effectively.  To start 
with, it is necessary to control the charging of these 
electric vehicles.  Otherwise, if all EVs started charg-
ing at the same time, the distribution networks would 
blow out.  For this purpose, the high-capacity, high-
speed network might play an important role as it facil-
itates the control of distribution networks and demand 
area power systems on the basis of various data, such 
as plug-in and plug-out times, charging durations and 
power fl ows in the distribution networks.

Kondo: This is the vehicle to grid (V2G) concept 
where electric power can fl ow back into the distribu-
tion system from vehicle batteries, for applying the 
EVs within the power system.

Yokoyama: Effectively using individually owned EVs as 
distributed power storage will contribute toward 
reducing the need for power grid energy storage, and 
that will in turn help to cut social costs.  It would be 
an interesting prospect of EV deployment for us 
researchers.

Importance of pursuing development 
with social cost in mind

Kondo: From the consumer end, DC-based technol-
ogy is also a key point.  Fuji Electric also pursues the 
development of direct current uninterruptible power 
systems (UPS) and direct current distribution equip-
ment.

Yokoyama: China is proactive in standardizing low 
voltage direct current (LVDC), and apparently demon-
strative projects are in progress in small towns.  This 
is diffi cult to realize in commercial or residential dis-
tricts due to signifi cant load fl uctuations.  Converters 
drop their effi ciency rapidly when the load diminishes 
to 10% to 20%, and the question is how to solve this 
problem.
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Manager of Corporate R&D 
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2017: Executive Offi cer of Fuji 
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Corporate General Manager of 
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Kondo: The energy conversion stages can be 
reduced by turning to direct current, but introducing 
direct current into a plant does not necessarily lead to 
an immediate investment recovery according to our 
simulation.  There are also the standardization issues. 
It is likely to take more time to establish this direct 
current technology.

Yokoyama: It would be nice to have power electronics 
technology that enhances the efficiency of convertors 
at partial loads.

Kondo: I think one of the solutions is parallel oper-
ation.  Fuji Electric UPS already adopts a parallel con-
figuration of power stacks rather than a single large 
stack.  By applying this configuration, the capacity can 
be switched according to the load.

Yokoyama: Doesn’t the cost rise by splitting the UPS 
into stacks?

Kondo: That depends on the case, but it is normally 
cost-effective to standardize certain units and scale 
them through mass production.

Yokoyama: How about power storage batteries?  Which 
is a better solution, to install large-capacity storage 
batteries in the power system or to install small stor-
age batteries on the consumer side? This is a very 
interesting subject.

Kondo: These costs fluctuate as batteries are also 
evolving.  There were led-acid batteries, there are now 
lithium-ion batteries, and next there will be all solid-
state batteries.  Reuse of batteries is also possible.  We 
have developed a system that uses reused EV batter-
ies on Koshikishima, an island in Kagoshima.  On 
remote islands of the Kyushu and Okinawa regions, 
we are also testing and exploring micro-grids to iden-
tify challenges and verify countermeasures for power 
systems in the future when renewable energy is intro-
duced at a large scale.

Yokoyama: That sounds like a great approach.  The 
world would be focusing on such energy management 
systems that integrally optimize the entire system and 
lower the social cost, taking a comprehensive 
approach to the control of renewable energy sources 
and consumer equipment, as well as the economic pro-
ductivity of existing power stations.  Fuji Electric 
would be able to apply technology developed through 
micro-grid trials to much larger systems.

The problem of data sharing that  
hinders prediction

Kondo: Through energy management of factories 
and production processes, Fuji Electric has been work-
ing in the areas of optimization and demand predic-
tion since the 1970s.  There is a growing recognition of 
the importance of IoT and creating value through AI 
and analytics using data gathered through IoT.  For 
example, what operation plans should be built to  
minimize energy costs in the face of demand for elec-
tric, thermal and steam energy.  Its cost optimization 
has been a research topic for a long time.  The exper-
tise gained through these research efforts will be valu-
able in future grid optimization.

Yokoyama: Yes, I agree.
  Technologies for prediction, operation and control 

are the key elements in integrated energy manage-
ment systems that include power plants, renewable 
energy and consumer equipment.  The technology to 
predict solar and wind power output from the data of 
the meteorological agency, the technology to optimize 
operation plans on a monthly, weekly and daily basis 
and implement them, and the technology to control 
energy management in response to sudden changes in 
situations, such as clouds blocking the sun, wind starting 
to blow or the occurrence of an accident that affects 
the power output.  These are the three pillars of the 
technology for the future.

  Are you conducting research on AI-assisted predic-
tion technologies?

Kondo: We are studying several approaches.  For 
example, deep learning is employed to handle the non-
linearity of systems, and for this area of research we 
are trying to make deep learning explainable.  So far, 
we have been able to obtain with substantial accuracy 
the correlation between weather data and power 
demand from the results learned through deep learning.

Yokoyama: The national government also vigorously 
pursues smart power facility security and mainte-
nance, such as life assessment and fault diagnostics 
using AI and big data.

Kondo: Fuji Electric is also working in a proactive 
manner for facility diagnosis, remaining life assess-
ment and fault prediction.  We have developed edge 
devices that can collect different types of data 
promptly and synchronously.  We use our unique mul-
tivariate analysis to analyze such data, and now we 
get analytical solutions fairly quickly.

Yokoyama: As power utilities are public services, I hope 
that big data concerning security can be shared among 
power companies, but this seems quite difficult to real-
ize.

Kondo: It also depends on the types of data and 
their precision levels.  There are also issues related to 
data ownership rights.  As you said earlier, data shar-
ing may be crucial in the future to solve issues related 
to the supply-demand balance, rationalization of 
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maintenance and immediate effectiveness of emer-
gency responses.  Do you think that data sharing rules 
must be developed?

Yokoyama: Probably, but discussions have not pro-
gressed that far at the government level.

In the case of EVs, demand from  
consumers has made power companies 

take action.

Kondo: In terms of smart grid, decarbonization and 
energy mix reform, social systems and implementa-
tion seem to pose more serious problems than the 
technological issues.

Yokoyama: I think that the issue of economics is signifi-
cant.  These approaches are unlikely to be socially 
accepted if they make no economic sense in terms of 
investment and maintenance.  Micro grids have 
become very popular and projects are being pursued 
everywhere using government aid, but it should really 
be a system that is sustainable without such aid.

Kondo: When you think about this, the case of EVs 
as you mentioned earlier may be a special example in 
which power suppliers were led by consumer demand 
urging that we should take action in order to minimize 
CO2 emissions to mitigate global warming and contrib-
ute to the environment.

Yokoyama: The idea of using EV batteries in the power 
system also came originally from the consumer side.  
There are people who want to have storage batteries 
at home in case of major power blackout due to natu-
ral disasters including earthquakes, but such a black-
out rarely occurs.  Meanwhile, electric vehicles in daily 
use do not necessarily cover long distances, and it is 
wasteful if fully charged batteries are not used.  Here, 
it is economically plausible in society to put this 
unused electric power to efficient use in the power sys-
tem.

Kondo: There are various initiatives among con-
sumers today, such as a business continuity plan 
(BCP: plans to enable companies to minimize damage 
and continue or recover their business activities in 
emergency situations), environmental, social and gov-
ernance investment (ESG investment: investment in 
corporations that consider environmental, social 
and governance factors) and the Renewable 
Energy 100 (with the goal of using 100% renew-
able energy for all business activities).  I imagine 
that these approaches will be implemented in soci-
ety through discussions on their economic plausi-
bility.

The future of smart power electronics

Kondo: Professor, you often talk about making a 
scenario toward 2050 and working backward to 

make a scenario toward 2030.  We have drawn up our 
road map toward 2023, which marks a centenary of 
Fuji Electric, with a focus on customer value.  Further 
toward 2030, we imagine that the scenario should be 
based on social value.  How do you envisage the future 
scenario for power electronics equipment?

Yokoyama: Introducing renewable energy into power 
systems at a large scale will require a large number of 
power electronics equipment to convert direct current 
to alternating current.  This, in turn, destabilizes the 
power system due to insufficient inertial force.  To 
ensure stable operation of the power system, power 
electronics equipment should need to be more smart 
and sophisticated.  This would be, what one calls, a 
smart inverter.

  For example, the inverter may be equipped with 
virtual inertia and synchronizing power.  We call this 
virtual synchronous generator (VSG) model control.  
Researchers look into several methods, such as invert-
ers for large power storages in the power system imi-
tating the inertial force of a synchronous generator, or 
inverters for distributed energy sources controlling 
themselves autonomously like a synchronous genera-
tor.

  Apart from the VSG, there are many other fea-
tures suggested for inverters, such as system voltage 
control by the inverter’s power factor control and out-
put control to maintain system stability in emergency 
situations.  Inverters of the future will need to reduce 
various interference in these controls to operate 
autonomously.

Kondo: I suppose that transmission and distribu-
tion equipment will also need to implement active con-
trol in the future.

Yokoyama: The power system itself is of a hierarchical 
structure, but I think that consumer equipment will 
be controlled by something like local control centers, 
as opposed to centralized control.  An aggregator is 
one example of this.  Collaborative distribution is nec-
essary so that local centers such as this contribute to 
the overall harmonization of the power system as a 
whole.  In other words, simply distributing power 
sources is not enough, but cooperative distribution is.

Kondo: I understand that downstream systems and 
equipment must operate autonomously in order to 
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ensure and enhance real-time capability.  I suppose 
you have been conducting studies in relation to this 
topic.

Yokoyama: I visited distribution system operators 
(DSOs) in Europe on several occasions in recent years.  
There, I find their business models very interesting.

  In Europe, DSOs and transmission system opera-
tors (TSOs) are separate.  Today, DSOs are provided 
with a platform to test a system in which various com-
panies link up different applications to explore new 
business opportunities.  Having witnessed this, I have 
to admit that Japan is lagging far behind.  There are 
many Japanese who visit TSOs to learn about their 
organizations and power system controls, but few are 
interested in visiting DSOs.

Kondo: You mean that business opportunities are 
with DSOs.  That is a very interesting point for us as 
we have been working closely with distribution sys-
tems.

Yokoyama: At the International Council on Large 
Electric Systems (CIGRE), whose members where 
mainly TSOs until now, they are now discussing orga-
nizational reform to invite DSOs to cover distribution 
networks from power generation to consumers.  
CIGRE is preparing a symposium on the theme of dis-
tribution networks for the 2021 Kyoto Session.  They 
must adapt to the changing world trend, which is 
today turning the target of business to DSOs.

  Fortunately in Japan, a power company functions 
both as a TSO and a DSO, which makes it easier to 
efficiently replicate European DSOs.

Fuji Electric’s advantageous position  
– with strengths in both analog and 

digital technologies

Kondo: What is your opinion on the potential of 
hydrogen from the viewpoint of energy storage and 
transfer?

Yokoyama: This is definitely a point for consideration 
that will be inevitable in the future, but there are still 
many issues to address even in the coming 10 years.  
It is costly to make hydrogen, and there are very few 
ways to put it to use.  In the Tohoku region, there are 
many points of solar and wind power generation, 
which would supply surplus energy if they were con-
nected to the power system. There have been discus-
sions on transforming that surplus into hydrogen, but 
the problem is how to make use of the hydrogen.  Fuel 
cell vehicles have not become sufficiently popular, and 
there are not many industries that utilize hydrogen.  
On top of that, turning hydrogen back to electricity 
would be utterly inefficient.

Kondo: We hear that increasing the EV battery 
capacity to increase the cruising distance of a vehicle 
is counterproductive above a certain point due to bat-
tery capacity problems.  Do you think hydrogen can be 

usable from a mobility point of view?
Yokoyama: Doubling the infrastructure for hydrogen 

and electricity would be too much of an effort, and so it 
would be necessary to develop a clear purpose-based 
division, such as using hydrogen for long-distance 
vehicles like trucks and buses.

Kondo: While hydrogen is an attractive alternative 
as clean energy, there are still many issues to solve for 
implementing it in society.

  Even so, we, as manufacturers, must move for-
ward.  Which foot to put forward first is the question.

Yokoyama: I think Fuji Electric has great potential as 
the company operates in a wide area, from analog 
technology to innovative digital technology.  The rea-
son I say this is the fact that energy is an analog phe-
nomenon.  Digitalization is the latest rage, and digital 
is applied to all kinds of things and events around us.  
Because of this trend, some people are misled to think 
that energy could also be transferred digitally, but in 
fact energy transfer relies on analog technology.  
Digital technology is like a nervous system that con-
trols the energy transfer.  That means it is impossible 
to provide energy stably and reliably without both 
analog and digital technologies working perfectly 
together.  I expect that Fuji Electric will make great 
progress in the future, utilizing the company’s exper-
tise in both analog and digital technologies.

Kondo: The discussion with you has been very 
informative and allowed us to deepen our understand-
ing of future power systems.  We have perceived that 
for Fuji Electric it is crucial to utilize power electron-
ics, which is our most advanced technology, for syn-
chronized optimization of power grids and communica-
tion networks, and for establishing algorithms that 
enable the transition from centralized systems to col-
laborative distributed systems.   We will work on your 
valuable insights to continue our efforts in engineer-
ing new technologies, with the aim of contributing to 
the creation of sustainable societies.  Thank you very 
much for your time today.
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1.  Introduction

FY2018 was the fi nal year in our previous 3-year 
mid-term plan.  During this period, Fuji Electric pro-
moted R&D reform by establishing basic policies to 
facilitate effective R&D activities that create customer 
value and expand sales and profi t.  Since FY2017, we 
have consolidated product development functions into 
the Development Division of each Business Group.  As 
a result, we have constructed and established the role 
of a system of standardized fundamental technologies 
and advanced technologies for our Corporate R&D 
Headquarters.  Furthermore, we restructured the de-
sign review (DR) process for developing products to 
organize the system for verifying customer value and 
started operating it.  Moreover, we established a tech-
nical marketing section to enhance our product plan-
ning capabilities.

In terms of technical development, we have com-
bined world-class power semiconductor technology with 
power electronics technology to create competitive com-
ponents that meet customer needs.  We are currently 
applying our measurement and control technologies to 
these components to build one-of-a-kind systems and 
are using the Internet of Things (IoT) and analytics AI 
to deliver new customer value.

2. Fuji Electric’s IoT

Fuji Electric uses IoT technology to both improve 
its production processes and provide new value to cus-
tomers.  On the basis of the concept “Small, Quick 
Start & Spiral-Up,” we are strengthening initiatives to 
increase value through the lateral spread of the merits 
and utilization scheme of IoT while quickly responding 
to customer challenges.

Fuji Electric’s IoT platform is optimized to realize 
this concept(1) (see Fig. 1).  Our IoT technology consists 
of edge devices that collects scattered and unsynchro-
nized fi eld data and analyze them on site, a service in-
terface that allows the cloud independent implementa-
tion of services, and analytics AI that delivers the core 
of creating customer value.

Fuji Electric’s primary analysis technology is 

industry-proven multivariate statistical process con-
trol (MSPC).  It has been enhanced and tuned over the 
years to handle nearly all problems that can be solved 
with linear models.  It is capable of extremely fast 
analysis.  On the other hand, we apply deep learning 
and other techniques to solve complex problems, such 
as those that are non-linear.  In order to meet social 
and industrial needs, we have been researching and 
implement Fuji Electric’s proprietary “Explainable AI” 
features.

Fuji Electric uses IoT to create specifi c customer 
value, such as plant and equipment abnormality predic-
tion diagnosis, production quality analysis, energy de-
mand prediction and optimal operation.

3.  Power Electronics Systems Energy

In the fi eld of energy, we offers components for the 
social infrastructure and industrial markets that in-
clude switchgear, transformers and protective relays, 
as well as systems that incorporate these components, 
based on our large-capacity power electronics technol-
ogy and energy monitoring and control technology.

In the fi eld of transmission and distribution sys-
tems, we have developed the world’s smallest class 
115-kV and 50-MVA transformer in respect to size, 
mass and oil volume to meet the demand of expand-
ing infrastructure especially in the Middle East and 
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Southeast Asia (see Fig. 2).  We have significantly re-
duced the mass of the transformer by optimizing the 
cooling structure and the winding and iron core fasten-
ing structures.  Furthermore, we have delivered new 
145-kV gas insulated switchgear (GIS) to the Bousher 
Substation in Oman for the first time.  The switchgear 
is compliant with the latest international standards, 
and is designed to be compact, having a mounting area 
of 70% and mass ratio of 65% when compared with con-
ventional products (see Fig. 3).  We plan to focus on ex-
panding sales in Oman and hope to enter new markets 
in other countries.

In the field of facility and power supply systems, 
we develop our business mainly in the growing IT and 
industrial sectors.  In recent years, there has been in-
creasing demand to improve the efficiency of the unin-
terruptible power systems (UPS) used in data centers.  
Therefore, we have developed the “UPS7000HX-T4,” 
equipped with a quantity control function to improve 
efficiency during normal inverter feeding at light loads, 
as well as a continuous commercial power feeding 
function capable of switching to normal inverter feed-
ing without instantaneous power interruption during 
abnormalities (see Fig. 4).  This UPS can alone be con-
nected to the three-phase three-wire and three-phase 
four-wire systems and can accommodate server and air 
conditioner loads, facilitating simple planning, produc-
tion and maintenance.

We intend to continue to contribute to the market 
by developing products that help solve customer chal-
lenges and meet the growing need for stable power sup-
ply.

4.  Power Electronics Systems Industry

In the field of automation, we develop components 
such as inverters, servos, measuring equipment and 
control equipment that help achieve factory automa-
tion, as well as control systems that integrate these 
components to enhance customer productivity and 
energy savings.  The “ALPHA7” servo systems are 
mainly used for machine tools, printing machines, elec-
tronic device assembly equipment and semiconductor 
manufacturing equipment.  In 2017, we released VS 
type (SX bus) servo amplifiers with a rating of 1.5 kW 
or less.  In 2018, we expanded the line-up to meet a 
wider range of regional and industrial needs.  The in-
terfaces consist of general purpose interface of pulse 
input and the interface for EtherCAT—the Ethernet 
fieldbus that enables the high-speed, high-precision mo-
tion control.  The addition of units with a rated capacity 
of 2 to 5 kW has enabled the product line-up to be ap-
plied to various equipment applications (see Fig. 5).

As one of our initiatives to utilize IoT, we have 
developed and launched the “OnePackEdge System.” 
This new edge device collects time-synchronized data 

Fig.2  Transformer for global market

Fig.3  145-kV GIS at Bousher Substation in Oman

Fig.4  “UPS7000HX-T4” and I / O panel

Fig.5  “ALPHA7” servo systems
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from various on-site devices, such as computerized nu-
merical control (CNC), programmable logic controllers 
(PLCs) and various sensors to accumulate the data cen-
trally and provide analytical services (see Fig. 6).  This 
system helps suppress equipment abnormalities and 
malfunctions since it is capable of analyzing the data 
extracted from a consolidated database.  The system 
can be easily added to existing equipment to reduce ini-
tial costs.  As for control equipment, we have developed 
the “MICREX-SX SPH5000H” duplex PLC for markets 
for highly-reliable facilities, such as lifeline facilities.  
In addition, we have developed the “XCS-3000 Type E” 
high-speed controller for electrical machinery control 
(see Fig. 7), which is designed for drive control systems 
and used in the “MICREX-VieW” monitoring and con-
trol system.  It allows for high-speed, high-reliability 
drive control systems for steel plants and other facili-
ties.

Setting our attention on the marine field, we have 
leveraged the electrostatic precipitator and water treat-
ment technologies that we cultivated over the years to 
develop an exhaust gas cleaning system (cyclone type 

SOx scrubber) for marine vessels, ensuring compliance 
with regulations on sulfur oxides (SOX) and particulate 
matters (PM) (see Fig. 8).  This machine sprays alka-
line water into the exhaust gas to reduce SOx by dis-
solving it in the droplets.  By utilizing a cyclone type 
instead of the existing plate type, the system achieves 
the industry’s smallest size, having a volume that is 
about 50% smaller than that of other companies while 
also facilitating installation.

In the field of social solutions, we have developed 
a main power converter (drive inverter and converter) 
designed to achieve a reduction in volume and in mass 
through the use of SiC power semiconductor modules.  
As a result, we have delivered drive systems, includ-
ing main power converter, traction motors and main 
transformers, to the Central Japan Railway Company.  
The drive systems, which are installed on next-release 
N700S Shinkansen verification test trains have been 
undergoing running tests since March 2018.  The en-
tire drive system is lighter than conventional one by 
20% (see Fig. 9).

Moreover, we have supplied our VVVF inverters for 
the renovated 5000 Series railcars operated by Sanyo 
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Electric Railway Co., Ltd.  (see Fig. 10).  The inverter 
uses SiC power semiconductor modules and adapts the 
cooling system, utilizing the airflow in traveling.  It 
achieves a 64% reduction in volume and 45% reduction 
in mass compared with previous products.

5.  Electronic Devices

In the field of power semiconductors, power semi-
conductors hold promise as key devices to power elec-
tronics technology, which are capable of efficiently 
using electric energy and contributing to energy sav-
ings and energy creation to meet the growing demand 
for energy worldwide, mitigate global warming and 
contribute to the creation of responsible and sustain-
able societies.  In recent years, there has been greater 
demand for power semiconductors in various fields 
including not only industrial equipment and home 
appliances, but also automobiles, photovoltaic power 
generation and wind power generation.  In 1988, Fuji 
Electric launched an insulated gate bipolar transistor 
(IGBT), a typical power semiconductor device. Since 
then, we have been innovating numerous technologies. 
7th-generation chip technology and packaging technol-
ogy are applied to our newest “X Series” 7th-generation 
IGBT modules. This series comes in a wide variety of 
types with a voltage rating between 650 and 1,700 V.  
Compared with conventional products, the X Series se-
cures higher reliability, produces less loss and achieves 
miniaturization.

Fuji Electric has been leveraging the synergy of 
its core technologies, including its power semiconduc-
tor technology and power electronics technology, in 
the development of technologies that contribute to 
the rapidly evolving field of mobility motorization.  
We have used Fuji Electric’s sealed aluminum cool-
ing system and proprietary reverse-conducting IGBTs 
(RC-IGBTs) that have a conventional IGBT and a 
free wheeling diode (FWD) functions integrated on 
one chip to develop automotive power semiconductor 
modules that achieve miniaturization and weight sav-
ings (see Fig. 11).  In addition to supplying them to 
customers, we have also been using them to develop 
automotive power electronics equipment.  We have 

developed a SiC-Schottky barrier diode (SBD) and a 
trench-gate SiC metal-oxide-semiconductor field-effect 
transistor (SiC-MOSFET) chip that use silicon carbide  
(SiC) semiconductor material, which allows for lower 
resistance, higher breakdown voltage, and higher tem-
perature operation than conventional Si semiconduc-
tor devices.  We are then developing 1,200- to 3,300-V 
modules with world-class performance.  Our main cir-
cuit electrical equipment, using these SiC power semi-
conductor modules, contributes miniaturization and 
weight savings.  It is mounted on the verification test 
trains of next-generation high-speed railcars and is be-
ing evaluated for the performance in the test run.

6.  Power Generation

In the field of power generation, we are moving in 
the direction of renewable energy as global decarbon-
ization is being accelerated.  Fuji Electric oversaw the 
entire process of engineering, procurement and con-
struction of four solar power generation plants, which 
were completed in FY2018.  Among these plants, the 
Tomakomai Mega Solar Power Station No. 1 is ranked 

Fig.10  Renovated 5000 Series railcars Fig.11  High-power, direct liquid cooling module for automotive 
applications

Fig.12    Sakata Biomass Power Plant of Summit Sakata Power 
Corporation
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as one of the largest facilities in Japan with storage 
batteries and in compliance with the technical require-
ments of the Hokkaido Electric Power Co., Inc.  for 
measures against output fluctuation.  In the field of 
biomass power generation, Fuji Electric delivered a 50-
MW steam turbine and power generation equipment to 
Sakata Biomass Power Plant through Sumitomo Heavy 
Industries, Ltd.  This power plant, operated by Summit 
Sakata Power Corporation, is one of the largest bio-
mass power plants in eastern Japan.  Its commercial 
operation started in August 2018 (see Fig. 12).  In the 
field of geothermal power generation, we have received 
orders of 15-MW class geothermal turbine power gen-
eration equipment, demand of which class is expected 
to increase in Japan.  In the field of hydroelectric power 
solutions, Voith Fuji Hydro KK achieved a record high 
number of orders in 2018 since its establishment follow-
ing the tailwinds of the Feed-in Tariff (FIT) scheme for 
renewable energy.  Specifically, it received six projects, 
including new constructions and scrap and build proj-
ects, as well as service business.

7.  Food and Beverage Distribution

In the field of food and beverage distribution, em-
ployee shortages have been becoming a serious prob-
lem for retail store business.  Fuji Electric has been 
studying ways to technically contributing to work style 
reforms involving the provision of worker-friendly envi-
ronment.  For example, we are developing coffee mills 
that reduce the need for cleaning and are using IoT 
technology to simplify work tasks.  In particular, we 
are working on initiatives from the viewpoint of conve-
nience, labor savings, and energy savings.  For exam-
ple, we revised the coffee extraction process of our prod-
ucts to speed up the time required to brew mild tasting 
coffee, thereby reducing customer stress due to waiting.  
We developed a new coffee machine for SEVEN CAFÉ 
in cooperation with Seven-Eleven Japan Co., Ltd (see 
Fig. 13) In FY2018.  The coffee machine recognizes cup 
sizes, reduces preparation time by continuously extract-
ing large volumes of coffee, and uses a shower to clean 

the extracting component.  The machine uses wireless 
communications to deliver content that enables op-
erators to change the display on its large liquid crystal 
display (LCD) panel and beverage settings.

In expectation of market growth in Southeast Asia, 
we have established a vending machine production base 
in Indonesia, which started mass producing vending 
machines that are developed for the Southeast Asian 
market in FY2018 (see Fig. 14).  Since the shape and 
dimensions of products for sale, vary unlike those in 
Japan, we equipped the vending machines with slanted 
racks as a new vending mechanism not dependent on 
the shape of the product and applied a new airflow con-
trol technology for the mechanism.  Furthermore, the 
vending machine comes standard with payment devices  
(in-house product) not only for local currency, but also 
for QR code payment, which is gaining popularity even 
in Japan.

8.  Fundamental and Advanced Technologies

We have strengthened fundamental technologies 

Fig.13  Coffee machine for Seven-Eleven Japan Co., Ltd.

Fig.14  “FAG36JGCD8OY” beverage vending machine for 
Southeast Asia
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and promote the research of cutting-edge technolo-
gies from a mid- to long-term perspective based on 
business roadmaps and technical marketing.  Among 
these initiatives, we are working to digitize R&D.  For 
instance, we have shorten product design time by us-
ing computational science based material design and 
model based development.  In addition, we are devel-
oping AI that can explain diagnostic grounds so that 
the technology can be applied to fi elds requiring high 
reliability, including plants and production lines (see 
Fig. 15).  Furthermore, we have developed a modular 
multilevel converter (MMC) equipped with 3.3-kV SiC 
power devices in order to leverage the synergy of power 
semiconductor and power electronics technology.  This 

converter can be interconnected with the 6.6-kV power 
system without the use of an interconnection trans-
former and achieved an effi ciency of 98.5%.  Moreover, 
by applying our proprietary single-phase inverter DC 
voltage equalization control, it is also able to perform 
negative-sequence power compensation (see Fig. 16).  
We intend to fuse our conventional technologies with 
digital technology, as mentioned above, to lay further 
competitive fundamental technologies.

9.  Postscript

This paper briefl y introduced Fuji Electric’s techni-
cal achievement in FY2018 in the energy and environ-
mental fi elds.  The achievement includes a technology 
that optimally use electric and thermal energies to 
contribute to energy savings and solution technologies 
in which these energies are optimally controlled and 
linked via IoT to create customer value.

While advancing organizational and structural re-
forms in R&D, Fuji Electric will provide our customers 
with more value-added and environmentally friendly 
products to contribute to the creation of responsible and 
sustainable societies.

References
(1) Yasukawa, Yukio et al. New Value-Creating Solutions 

Starting From IoT: Current Status and Future 
Outlook. Fuji Electric Review. 2018, vol. 64, no. 3, 
p. 103-108.
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In order to prevent air pollution from ves-
sels, exhaust gas regulations are being grad-
ually tightened on the basis of the MARPOL 
Annex VI.  In October 2018, Fuji Electric re-
leased an exhaust gas cleaning system for ma-
rine vessels (SOX removal cyclone scrubber) to 
deal with regulations on sulfur oxide (SOX) and 
particulate matter (PM).  This device sprays 
alkali water into the exhaust gas to reduce SOX 
by dissolving it in the droplets.

The main features are as follows:
(1) The industry’s smallest equipment having 

about 50% smaller volume compared with 
competitors’ products

(2) Small size and low pressure loss by using 
a cyclone type equipment that is different 
from the conventional packed bed type

(3) Lower pressure loss and droplet dispersal 
rate compared with competitors based on 
fluid simulations and model experiments on 
SOX dissolution 

Exhaust Gas Cleaning System for Marine 
Vessels (SOX Removal Cyclone Scrubber)

In recent years, power conversion systems 
using power semiconductors have been spread-
ing in various fields while becoming smaller in 
size and higher in capacity.  To meet the de-
mand for higher capacity and smaller size, we 
developed “HPnC” (High Power next Core), a 
high-capacity power module for electric rail-
ways that is equipped with the 7th-generation 
“X Series” chip.

In order to realize smaller inductance, 
the HPnC uses internal terminals having a 
laminate structure and main terminals posi-
tioned optimally.  As the result of terminals 
positioned optimally, HPnC achieved 10 nH 
and 76% smaller than that of the conventional 
product “HPM” (42 nH).  This made it possible 
to suppress surge voltage and downsize a snub-
ber circuit.

Further, the reliability of the main ter-
minal joint with DCB surface are improved 
by adopting ultrasonic bond.  Solder fatigue is 
reduced by using a new base plate having low 
thermal expansion.  This increased the ΔTc 
power cycle capability.

“HPnC” High-Capacity Power Module 
for Electric Railways
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Fuji Electric has commercialized a re-
verse-conducting IGBT (RC-IGBT), which inte-
grates IGBT and FWD functions into one chip, 
to meet market demands for the expansion of 
output power and higher reliability for IGBT 
modules. 

Fuji Electric has developed the 7th- 
generation “X Series- PrimePACK™” RC-
IGBT module for high power industrial appli-
cations.  Maximum rated current of the new 
product has been extend to 2,400 A from con-
ventional 6th-generation “V Series” 1,400 A by 
utilizing the new developed RC-IGBT technol-
ogy.  In addition, the performance for output 
power has been greatly improved under vari-
ous operating conditions of power conversion 
systems such as overload, DC lock and low- 
frequency operations.

As a result of Fuji Electric’s efforts, this 
product achieves a further output power and a 
longer reliability of power conversion systems.

Note:   PrimePACK™ is a registered trademark 
of Infineon Technologies AG, Germany.

RC-IGBT Module for High Power 
Industrial Applications

Fuji Electric is offering its power modules 
for the EV and HEV markets, which are rap-
idly growing universally.  IGBT modules for 
these markets need to be small and high in 
power density.  We have therefore developed an 
IGBT module with a rating of 750 V /  1,200 A, 
which is the industry’s top-class capacity.

In order to achieve lightweight and high 
heat radiation, the IGBT module adopts a  
direct liquid cooling structure having an in-
tegrated aluminum water jacket for the cool-
ing unit.  The module uses a lead frame for 
the internal wiring and reverse-conducting 
IGBTs (RC-IGBTs), having an IGBTs and 
FWDs formed on the same chip, as the power 
elements, allowing it to improve the area effi-
ciency and increase the power density.  In ad-
dition, the chip temperature can be directly 
monitored with a temperature sensor built in 
the RC-IGBT. This structure make it possible 
to reduce the design margin compared with the 
NTC thermistor and increase the allowable 
current.

High-Power, Direct Liquid Cooling 
Module for Automotive Applications



FUJI ELECTRIC REVIEW vol.65 no.2 2019 83

Maintenance 
information

Equipment 
operation

FA-LAN

Server section

OnePackEdge System

Control LAN

Camera Robot
Gantry

CNC

Data storage 
server

Engineering tool

LANRS-485Analog input

Maintenance PC

P
re

ss
u

re

V
ib

ra
ti

on

C
ur

re
nt

 a
nd

 v
ol

ta
ge

F
lo

w
 r

at
e

O
pe

ra
ti

n
g 

ti
m

e

G
au

ge

Te
m

pe
ra

tu
re

 an
d h

um
idi

ty

C
om

po
n

en
t

A
E

P
L

C

W
at

t 
m

et
er

Data collection section 
(equipment information collector)

Quality 
information

Fuji Electric developed and released 
“OnePackEdge System,” a system solution in-
cluding a data collection devices and analysis 
software by utilizing the performance of the 
measurement control system.  The system col-
lects environment data and processing data 
from CNCs, PLCs and sensors and accumu-
lates them in one package for each product or 
production cycle.

The main features are as follows:
(1) Information necessary for each department 

can be acquired from the integrated data-
base.

(2) Equipment abnormality and failure occur-
rence can be suppressed by conducting po-
lygonal analysis of field information.

(3) The system can easily be installed in the ex-
isting equipment afterwards, and thus, the 
introduction costs can be reduced.

“OnePackEdge System” that Realizes 
Non-Stop Equipment

Normal power

Substation

High-quality 
power

Suryacipta City of IndustryPerusahaan Listrik 
Negara (PLN)

(a) System overview

(b) Operation start ceremony (NEDO, PLN, etc.)

Stabilization of power quality

Distribution 
automation system

…

High-voltage UPS

High-quality power 
supply system

From FY2012 to FY2018, Fuji Electric was 
entrusted with the “Smart community demon-
stration project in industrial parks in Java, 
Republic of Indonesia” from NEDO and intro-
duced the distribution automation system to an 
overseas power company for the first time.  We 
demonstrated the following power stabilization 
technologies:
(1) We demonstrated the effect of reduced out-

age time due to the introduction of a distri-
bution automation system.

(2) We installed a high-quality power supply 
system (a instantaneous voltage drop pro-
tector and a medium-voltage UPS) in the 
distribution system of the power company, 
and provided high-quality power supply 
service to consumers.  As a result, there 
were significant effects such as a reduction 
in the damage caused by a instantaneous 
voltage drop.  In addition, we verified the 
feasibility of the shared-service model.

Smart Community Demonstration Project 
in Industrial Parks in Java, Indonesia
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Fuji Electric has established Dalian Fuji 
Bingshan Smart Control Systems Co., Ltd.  
(DFBCS) with the Bingshan Group in October 
2018 to expand system business outside Japan.  
We developed an energy management sys-
tem (EMS) package for the Chinese market, 
and DFBCS delivered it to the new factory of 
Dalian Refrigeration Co., Ltd., an affiliated 
company of the Bingshan Group.  The EMS 
provides visualization and comprehension.

The factory serves as a model factory to 
expand Fuji Electric's business in China.  We 
are going to add functions such as optimum op-
eration of energy center equipment and energy 
consumption rate management by cooperating 
with a manufacturing execution system (MES) 
in the future.

EMS Model Factory in China

In April 2019, Fuji Electric offered the 
“MICREX-SX SPH5000H” programmable  
controller for markets that require highly reli-
able lifeline equipment.

The main features are as follows:
(1) Redundant CPU having high performance 

operation with 1-Gbits /s equalization bus
(2) High-speed duplexed control network using 

1-Gbits /s FL-net
(3) Duplexed I /O network and loop function 

with an E-SX bus capable of high-speed I /O 
refresh

(4) CPU RAS information stored in non-vola-
tile memory for high maintainability
These functions contribute to stable and 

continuous 24-hour operation.

“MICREX-SX SPH5000H” Highly 
Reliable Duplex System
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Fuji Electric developed the “XCS-3000 
Type E” electrical machinery programma-
ble controller (PLC) for drive control systems, 
which is designed to be used in the “MICREX-
VieW” monitoring and control system.  The 
controller platform is unified with the “XCS-
3000,” a conventional distributed control sys-
tem (DCS) controller for measurement con-
trol systems.  Unifying electrical machinery 
and measurement control systems in the same 
plant enables uniform management of data 
and seamless connection of both systems.  
Expanding and mounting the functions of the 
conventional electrical machinery PLCs can 
achieve a drive control system having high 
speed and high reliability.

The main features are as follows:
(1) A loop configuration of SX-Net is supported, 

a high-speed, high-capacity control LAN
(2) A loop configuration of an E-SX bus is sup-

ported, a high-speed, high-capacity I /O bus
(3) A control cycle of 0.5 ms is achieved, neces-

sary for drive control in steel plants

“XCS-3000 Type E” High-Speed Controllers 
for Electrical Machinery Control

Fuji Electric delivered a 50-MW steam tur-
bine and generator to Sakata Biomass Power 
Plant of Summit Sakata Power Corporation 
via Sumitomo Heavy Industries, Ltd.  It is one 
of the largest biomass power plants in east-
ern Japan and started commercial operation 
in August 2018.  The fuel used in the power 
plant is wood biomass such as domestic chips, 
imported pellets and palm kernel shell (PKS). 

The steam turbine meets the required con-
ditions for the plant.  It employs an one-casing 
reheat steam turbine, which has been used in 
power plants with a rating of 75 MW or above, 
and expands its application range to low- 
capacity  while maintaining the high reliability 
and efficiency. 

By taking advantage of this experience, 
Fuji Electric will continue receiving orders for 
steam turbine and generator for biomass power 
plants having a similar capacity range.

Start of Commercial Operation of Sakata Biomass 
Power Plant of Summit Sakata Power Corporation
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Fuji Electric developed 115-kV and 50-
MVA transformers for global markets, such 
as Southeast Asia, whose power demand is 
expected to grow in the future.  The following 
approaches allow for the world’s smallest size, 
mass and oil amount.
(1) The lead insulation structure is optimized, 

and the insulation dimension for tanks is 
greatly reduced.

(2) The transformer mass is reduced by 28% by 
optimizing the structure of windings, iron 
core tightening, and cooling unit.

(3) The oil amount is reduced by 47% by opti-
mizing the tank structure in accordance 
with the size reduction of (1) and (2).

(4) The stray load loss is reduced by optimizing 
the tank shield structure.

Transformer for Global Market

We delivered extra-high-voltage substa-
tion equipment with high performance and 
good harmony with environment to deal with 
the aging of the 66-kV substation of Canon 
Components, Inc. 

The main features are as follows:
(1) The insulation oil of the transformer (Ecore 

Trans) uses plant-derived palm fatty acid 
ester (PFAE) instead of conventional min-
eral oil.  With this low viscosity oil, the 
transformer improves in cooling perform-
ance, allowing downsizing.  Even if the 
oil leaks, environmental load can be sup-
pressed because it is biodegradable.

(2) The cubicle-type gas insulated switchgear 
(C-GIS) uses dry air for insulation. Since it 
is not a greenhouse gas (SF6), recovery is 
not needed at the internal inspection.  Even 
if the air pressure drops to atmospheric 
pressure, the insulation for the system volt-
age is maintained, ensuring Safety 

66-kV Substation in Harmony with the 
Environment for Canon Group
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Fuji Electric has only offered central-type 
power conditioning systems (PCSs) for so-
lar power generation with 500 kW or more in 
Japan.  On the other hand, the mainstream 
in the Chinese market is a string type of a 50-
kW class; therefore, we have newly developed a 
string type PCS utilizing the technology of low-
voltage inverters.  The 500-kW central type 
unit performs maximum power point tracking 
control collectively for about 2,000 solar panels; 
however, the string type unit of Fuji Electric 
performs control for every about 40 panels.  
This can minimize the influence of an drop in 
the output of solar panels due to the weather; 
therefore, the power generation amount is ex-
pected to increase by several percent.  In the 
future, we are going to provide it also in Japan, 
South Korea and Southeast Asia, in addition to 
China.  We will meet various customer needs 
by providing the central type and the string 
type.

“PIS-50 / 500” Power Conditioning 
System for Solar Power Generation

(a) High-efficiency induction furnace body (b) High-capacity IGBT stack

Energy saving regulations are spreading 
as environmental measures in many countries.  
Fuji Electric developed a high-efficiency and 
high-frequency induction furnace for overseas 
markets such as China and Southeast Asia in 
addition to Japan by utilizing its unique induc-
tion heating and power electronics technolo-
gies.

The main features are as follows:
(1) The electric power consumption is reduced 

by 5% compared with the conventional type 
because of the optimum yoke structure and 
coil structure.

(2) The coil voltage is approximately doubled 
by using unique insulation technology, thus 
greatly reducing the joule loss of coils.

(3) The newly developed IGBT stacks feature 
compactness and high-capacity by using 
low-loss IGBT modules.
We will continually provide additional 

functions, such as for optimum furnace oper-
ation and self-diagnosis management, to en-
hance productivity, safety and maintainability 
for customers.

High-Efficiency and High-Frequency 
Induction Furnace for Overseas Markets
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Fuji Electric developed a new coffee ma-
chine for SEVEN CAFÉ with Seven-Eleven 
Japan Co., Ltd.

The main features are as follows:
(1) We developed a function that the sensor 

identifies the cup type, which differs de-
pending on the drink.  This function allows 
purchasers not to get confused or make mis-
takes when selecting the button.

(2) We developed an extraction mechanism 
that sprinkles hot water.  This enables con-
tinuous extraction of a large amount of cof-
fee, shortening the preparation time.  The 
sprinkle hot water can efficiently wash out 
attached material on the extraction part.

(3) A wireless communication function is 
mounted, making it possible to change the 
beverage setting and contents displayed 
on the large LCD panel by distribution.  
Operating states such as sold out beverages 
and failure can remotely be monitored.

Coffee Machine for Seven-Eleven 
Japan Co., Ltd.
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The progress of artificial intelligence (AI) 
technology has made it possible to diagnose ab-
normality in complicated phenomena.

However, existing AI has black box struc-
ture, and reason why it judged as abnormality 
is unknown.  Because of this, the cause of ab-
normality cannot be quickly removed.  Thus, 
AI that can explain the reason of abnormal-
ity diagnosis is necessary for industries, that 
require reliability, including manufacturing 
plants and production lines. 

Under these circumstances, Fuji Electric 
is developing AI that can explain the diagno-
sis reason early among others.  By adding this 
technology to the existing AI, contribution of 
each feature to the abnormality can be quan-
tified to explain causes.  This technology will 
help customers improve yield rate and product 
quality.

Explainable AI for Diagnosis
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Energy Management
In the energy management field, Fuji Electric pro-

vides the social infrastructure and industrial markets 
with components based on high-capacity power elec-
tronics technology and energy monitoring and control 
technology, including switchgear, transformers and 
protective relays, as well as systems that use such com-
ponents.  In order to meet the expectations of expand-
ing infrastructure, especially in the Middle East and 
Southeast Asia, we have also been developing products 
for overseas use, strengthening overseas production 
bases, and enhancing engineering.

In the transmission and distribution system field, 
we are developing and releasing products to the global 
market that is expected to see future growth in elec-
tricity demand.  We have developed the world’s small-
est class 115-kV and 50-MVA transformers in respect 
to size, mass and oil volume based on the assumption 
that they will be manufactured at overseas production 
bases.  We supplied an overseas power company with 
our new international standard compliant 145-kV gas 
insulated switchgear (GIS) that has been designed to 
withstand the harsh environments of the Middle East 
for the first time.

In the electric distribution field, we undertook a 
NEDO demonstration project that uses smart grid 
technology in India and Indonesia to meet the growing 
demand for electricity overseas.  In India, we demon-
strated the effect of demand response and the shorten-
ing of power outage time during accidents using our 
electric distribution equipment, such as smart meters 
and vacuum circuit breakers, and monitoring and con-
trol equipment.  In Indonesia, we demonstrated high 
quality power supply services using a distribution auto-
mation system and a high quality power supply system 
(momentary voltage drop protection equipment, high-
voltage UPS) based on the specifications of Japanese 
power companies.

Power Supply and Facility Systems
In the field of power supply and facility systems, 

we have been offering environmentally friendly power 

systems that use power electronics as a core technology 
mainly for the IT and industrial sectors, which is grow-
ing.  By capturing market trends and user needs, we 
have been strengthening the capabilities of UPSs and 
facility electrical equipment and providing power solu-
tions that combine these components.

We developed the UPS7000HX-T4, which has a 
quantity control function to improve efficiency during 
normal inverter feeding and a continuous commercial 
power feeding function to switch to normal inverter 
feeding without interruption when an abnormality oc-
curs.  The product requires no external wiring and de-
livers excellence in appearance.

We have developed IEC standard compliant 24-kV 
switchgear to meet the growing demand for facility 
electrical equipment overseas.  It enables inspection 
and maintenance of specified areas while operating the 
facilities.  It also supports mounting of accessories for 
rapidly cooling the hot gas generated by internal arc ac-
cidents.

In order to promote environmental conservation 
and while improving performance, we are working to 
increase the delivery of transformers that use plant- 
derived palm-fatty-acid ester oils, as well as cubicle-
type gas insulated switchgear that uses dry air instead 
of greenhouse gases (SF6).

We will continue to contribute to the market by de-
veloping products that help solve customer challenges 
and meet the growing need for stable power supply.

Electric Distribution, Switching and Control Devices
In the field of electric distribution, switching and 

control devices, we offer control equipment to auto-
mate and optimize production facilities and production 
machinery, as well as electric distribution devices and 
switchgear to efficiently and safely use electricity in re-
newable energy related facilities, electrical equipment 
of buildings and facilities, and factory production con-
trol systems.

In the field of low-voltage distribution equipment 
and switchgear, we provide the “F-QuiQ Series,” which 
employs a screwless push-in mechanism using spring 
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terminals to reduce control panel wiring work.  We 
have recently added new manual motor starters to the 
line-up.  In addition to improving the productivity of 
panel manufacturing, they also help eliminate work in-

consistencies and stabilize quality.
We will continue contributing to the market by de-

veloping electric distribution, switching and control de-
vices that meet customer needs.

Fig.1  Appearance of monitoring and control panel

1  Simulator of Hydroelectric Power Station and Substation for Electric Power Development Co., Ltd.
We replaced the simulator equipment of hydroelectric 

power station and substation that have been in operation 
since 1999 at the Kawagoe Training Center of Electric Power 
Development Co., Ltd. (J-Power).  This analog simulator con-
sists of scale-down models that simulate the main electrical 
equipment of hydroelectric power station and substation.

After the replacement, the simulator uses a speed gov-
erning excitation controller that provides speed governing 
control and excitation control functions, which have been in-
creasingly used by hydroelectric power plants.  The synchro-
nous generator utilizes a newly developed digital computing 
unit with integrated current amplifiers to achieve miniaturi-
zation and extensibility. 

Physical quantities such as pressure and temperature 
are simulated using the digital models of the computer as be-
fore.  For monitoring and operating, the same monitoring and 
control panel is used as the actual plants. 

   This equipment is widely used for applications ranging 
from operating technique learning to troubleshooting train-
ing, and yearly technical competitions are held.

Energy Management

Fig.2  Distribution automation system (command room)

2  Replacement of Distribution Automation System for the Okinawa Electric Power Company, Incorporated
Fuji Electric has replaced the distribution automation 

systems of the 4 branches of the Okinawa Electric Power 
Company, Incorporated in Naha, Urasoe, Uruma, and Nago.  
The main features are as follows:
(1) Enables continuous operation from other backup sites 

even when there is a large-scale disaster that damages 
branch offices and renders systems inoperable.

(2) Consolidated the databases of the 4 branch offices, which 
had been previously operated independently.  This has al-
lowed each branch office to grasp the status of all power 
distribution systems on the main island of Okinawa.  Each 
branch can recover its power system from power failure 
while monitoring the system status of the entire island.

(3) By overlaying the map and the distribution system on an 
operating monitor and displaying the work status of the 
site on the map, it has become possible to improve the effi-
ciency of construction work and accident recovery work.
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VCB SCADA operation room Smart meter

Fig.3  Panipat smart grid system

3  Smart Grid Demonstration Project in Panipat District of Haryana, India
In India, the increase in demand for electricity has 

brought about challenges such as the need to reduce load 
peaks, shorten power outage times during accidents, and pre-
vent electric meter tampering and toll collection defects.  Fuji 
Electric participated in the NEDO demonstration project for 
introducing smart grids in Panipat District of Haryana be-
tween October 2015 and March 2019.  The demonstrated 
items are as follows:
(1) Shortened power outage times during accidents by install-

ing power distribution equipment (VCB, LBS) and moni-
toring and control system (SCADA) for the 4 feeders of the 
distribution lines.

(2) Improved toll collection and verified demand response ef-
fect by installing 11,000 smart meters and upper-level 
systems (MDMS and OMS).

(3) Verified the superiority of the PLC transmission method 
as a smart meter communication system under the tele-
communication infrastructure environment in India.

Energy Management

Fig.5  HSVCB panel

5  DC High-Speed Vacuum Circuit Breakers for the Nippori Substation of East Japan Railway Company
Fuji Electric delivered high-speed vacuum circuit break-

ers (HSVCBs) for the Nippori Substation of the East Japan 
Railway Company, and the operation started.  This substa-
tion is located at the junction point of the Yamanote Line, 
Keihin-Tohoku Line, Joban Line and Utsunomiya-Takasaki 
lines.  It is the largest DC substation for railways in Japan 
and transmits 1,500 V DC to these four lines.  HSVCBs have 
the following characteristics not found in previous high-speed 
air circuit breakers.  It contributes to stable transportation 
by helping to prevent accidents and facilitating equipment re-
placement in the limited space of the city.
(1) Arcless

Arc suppression devices (Non-linear resistors) convert ex-
plosive arc (electric energy) generated at DC current inter-
ruption into thermal energy and absorb the energy. 
(2) Space saving

Reduces size of storage panel by eliminating the arc 
space.

Fig.4  145-kV GIS at Bousher Grid Station in Oman

4  145-kV GIS for Bousher Grid Station in Oman
Fuji Electric has delivered two new model of 145-kV gas 

insulated switchgear (GIS) to the Bousher Grid Station in 
Oman.  The delivery of the GIS, which is used for the  project 
to expand the existing grid station, was the first delivery of 
the new model to an overseas power company.

The new model of GIS conforms to the latest interna-
tional standards and has been designed to withstand the 
harsh environments of the Middle East.  It was designed to 
be compact, having a mounting area of 70% and mass ratio of 
65% when compared with the previous Fuji Electric models.  
It contributes to transport efficiency and installation space 
savings.  The installation and testing were completed on site, 
and operation is scheduled to start around the fall of 2019.

In the future, we plan to focus on expanding sales of the 
new model of GIS in Oman and hope to enter new markets in 
other countries in the Middle East and Asia.
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Fig.6  “UPS7000HX-T4” and I/O panel

1  “UPS7000HX-T4” High-Efficiency Control Reference:  FUJI ELECTRIC REVIEW 2019, vol. 65, no. 1, p. 58

In recent years, there has been increasing demand to 
improve the efficiency of the uninterruptible power systems 
(UPS) used in data centers.  Fuji Electric has developed the 
“UPS7000HX-T4” as a three-phase four-wire power supply 
system for normal inverter feeding systems that achieve an 
efficiency of 99%.  The following two features make it possible 
to select the operating method, depending on the power sup-
ply conditions and the power supply quality of the load.
(1) Quantity control function that improves efficiency at light 

load during normal inverter feeding
(2) Continuous commercial power feeding capable of switch-

ing to normal inverter feeding without interruption dur-
ing abnormalities
This model alone can used for loads of servers and air 

conditioners with three-phase three-wire types and three-
phase four-wire types.  Therefore, it simplifies planning, pro-
duction and maintenance.  Furthermore, UPS and I /O panel 
conductors are connected between panels, reducing external 
wiring and providing favorable appearance.

Power Supply and Facility Systems

Fig.7  24-kV Switchgear

2  IEC Standard Compliant 24-kV Switchgear
The IEC standard (IEC 62271-200) applies to switch-

gear for markets outside Japan.  The standard reinforces safe 
structure concepts, such as those for classifying protection 
for people during failure and maintenance activities.  Fuji 
Electric developed 24-kV switchgear in compliance with the 
IEC standard.  The main features are as follows:
(1) Third-party certification:  IEC 62271-200
(2) Rated specifications:  24 kV, 25 kA, 1,250 A
(3) Enables inspection and maintenance of specified areas 

while continuing to operate the facilities (highest class 
among loss of service continuity categories:  LSC 2B)

(4) Supports mounting of accessories for rapidly cooling the 
hot gas generated by internal arc accidents (IAC-AFLR)

(A) BM3RSQH-□
      (for standalone installations)

(b) BM3RSQ1-□K1
     (for combination starters)

Fig.8  “F-QuiQ Series”

1  “F-QuiQ Series” Manual Motor Starters
Fuji Electric has developed a manual motor starter for 

“F-QuiQ Series,” which has screwless push-in type terminals 
to reduce wiring labor hours for control panels. 

We offer products, not only as a manual motor starter 
but also as a combination starter, that are able to one-touch- 
combine with a contactor without tools and fulfill customer’s 
various needs.

Both products are more productive than screw-terminal-
products because they reduce wiring labor hours and prod-
uct assembling processes.  Furthermore, they also provide 
more stable quality because of simple and faster wiring proc-
ess that is not dependent on the skill level of panel builders.

Electric Distribution, Switching and Control Devices
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Power Electronics  
Systems Industry

Automation

Social solutions

Information solutions

Fuji Electric’s power electronics systems industry 
business creates competitive components based on power 
electronics technology.  We are strengthening system 
sales and expanding our overseas business by combining 
competitive components, control technology and Internet 
of Things (IoT) technology.

Automation
In the field of automation, we offer components such 

as inverters, servos, measuring equipment and control 
equipment that help achieve factory automation and vi-
sualization, as well as control systems that integrate 
these types of equipment.  With this business, we con-
tribute to increased productivity and energy savings.

In the field of measuring equipment, we have devel-
oped an ultrasonic flowmeter for steam flow.  The flow-
meter does not require piping work, and it can be 
mounted in equipment that are in operation, something 
that was not possible in the past.

In the field of control equipment, we have developed 
the “MICREX-SX SPH5000H” duplex programmable 
controller (PLC) for applications requiring high reliabil-
ity such as lifeline facilities.  We have also developed the 
“XCS-3000 Type E” high-speed, large-capacity and 
highly reliable electrical machinery controller for steel 
plants.  This controller makes it possible to achieve 
highly reliable high-speed drive control systems such as 
those for steel plants.

We have utilized our experience in instrumentation 
and control systems to develop the “OnePackEdge 
System.” It aggregates data from multiple processing fa-
cilities into one package and provides services ranging 
from data collection to analysis.  This system makes it 
possible to obtain necessary information for analysis, al-
lowing users to suppress equipment anomalies and er-
rors.

Fuji Electric’s control system package for overseas 
steel rolling plants is customized for overseas markets 
by utilizing our control know-how.  In particular, this 
compact control system consists of our “MICREX-SX” 
PLCs, “FRENIC” inverters, “f(s) NISDAS7” data collec-
tion and analysis support package software and 

“TELLUS-HMI” human-machine interface systems.  We 
plan to provide the package to users in the steel indus-
try in India.

In the marine field, we have applied our cultivated 
experience in precipitator technology and water treat-
ment technology to develop a SOX removal cyclone scrub-
ber.  It is our exhaust gas cleaning system (EGCS) for 
marine vessels that complies with sulfur oxide (SOX) 
and particulate matter (PM) regulations.  The scrubber 
employs a cyclone mechanism that creates swirling in-
side the facility and contacts exhaust gas with a highly 
diffused spray of wash water.  These features enable the 
scrubber to achieve a compact, lightweight and low-loss 
design.  Furthermore, we will build the exhaust gas 
cleaning system for marine vessels that combines the 
scrubber with a laser gas analyzer developed to measure 
SOX and CO2 concentration contained in exhaust gas.  
This system will optimize the operation of the pump in 
the SOX removal cyclone scrubber, contributing to oper-
ating cost reduction.

In the field of power conditioning systems (PCSs) for 
solar power generation, we have utilized our low-voltage 
inverter technology to develop the “PIS-50/500” string 
type PCS for solar power generation of 50 kW, power rat-
ing of which is the mainstream for PCSs in the Chinese 
market.  In addition to China, we also plan to offer the 
PCS to markets in Japan, Korea, and Southeast Asia.

In the field of industrial electric heating, we have de-
veloped a high-efficiency high-frequency induction fur-
nace that uses our proprietary induction heating tech-
nology and power electronics technology for Japanese 
and overseas markets, including China and Southeast 
Asia.  In the future, we plan to enhance its functionality 
to further increase customer productivity, safety and 
maintainability.

Social solutions
In the field of railway, we have developed compact 

and lightweight drive systems for railway cars by using 
Fuji Electric’s SiC power semiconductor modules and the 
cooling system, utilizing the airflow in traveling.

For high speed rail, Fuji Electric has delivered the 
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main power converters (converters and inverters for 
driving), traction motors and main transformers for 
next-release N700S Shinkansen verification test trains 
operated by the Central Japan Railway Company.  We 
are conducting performance evaluations and long-term 
durability running tests to prepare for the start of the 
operation in July 2020.

For conventional rail, we have supplied VVVF  
inverters for renovated 5000 Series railcars operated by 
Sanyo Electric Railway Co., Ltd.  The railcars started 
operations in October 2018.  Furthermore, we have been 
supplying our latest electrical driven door systems for 
new railcars operated by Tokyu Corporation and Toei 
Transportation.  These new door systems achieve 
greater safety, reliability and serviceability for railcars 
than conventional pneumatic door systems.

In the field of radiation equipment, we have devel-
oped the new electronic personal dosimeter “NRF54,” 

which can simultaneously detect gamma rays and beta 
rays in a single unit and wirelessly link with remote 
monitoring systems.  This dosimeter will provide safe 
and secure site visualization for people involved in radi-
ation work.

Information solutions
In the field of information solutions, Fuji Electric 

provides information control systems and IoT systems 
that are currently being used for the entire Fuji Electric 
Group.  We also offer tools and systems that help 
streamline operations at municipalities and companies.

In order to meet the needs of work style reform, we 
have developed “Karuwaza Web Scenario Creator” as an 
application capable of automating routine tasks based on 
the basis of “Karuwaza Web,” a tool that can utilize in-
formation assets stored in different databases within a 
company.

Fig.2  “PXF4-U”

2  “PXF4-U” Socket Type Temperature Controller
Fuji Electric has provided socket type temperature con-

trollers with enhanced maintainability that are widely 
used for temperature control and overtemperature preven-
tion.  We have recently developed the new “PXF4-U” socket 
type temperature controller as a replacement for the exist-
ing “PXR4-S” to expand the line-up of the “PXF Series” next-
generation global standard temperature controllers.

The PXF4-U has the same terminal arrangement as the 
PXR4-S and the operating method is fully compatible with 
PXR4-S, making replacement work of existing products 
stress-free.  Moreover, by adopting the PXF Series’ popular  
features, (e.g. universal input, high-speed sampling, 11- 
segment LCD and user key  function,) the PXF4-U is sure to 
meet market needs.

Fig.1  “ALPHA7”

1	 Expansion of “ALPHA7” Servo Systems
The “ALPHA7” servo systems are mainly used in appli-

cations such as machine tools, printers, electronic device as-
sembly equipment and semiconductor manufacturing equip-
ment.  In 2017, Fuji Electric released VS type (SX bus) servo 
amplifiers with a rating of 1.5 kW or less.  We have recently 
expanded our line-up of servo amplifiers to accommodate a 
wider variety of machinery and equipment.  The main fea-
tures of the newly added products are as follows:
(1) Interface

™�Pulse train general-purpose interface
™�EtherCAT for high-speed high-precision motion control

(2) Rated output:  2 to 5 kW

Automation
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Fig.3  “FSX” detector of ultrasonic flowmeter for steam

3  Ultrasonic Flowmeter for Steam
Fuji Electric has released an ultrasonic flowmeter capa-

ble of measuring steam flow without the need for piping work.  
We have developed a new ultrasonic sensor to measure high 
temperature steam with high sensitivity as well as a technol-
ogy to reduce noise that can interfere with measurements.  
It measures steam flow utilizing a first-of-its-kind clamp-on 
mechanism (external type).  The flowmeter can be mounted 
even while facilities are in use.  It makes it easier to visualize 
the steam flow rate used in factories and offices of various in-
dustries.  The main specifications are as follows:
(1)  Pipe diameter:  50 A (currently expanding diameter line-

up)
(2)  Saturated steam temperature (pressure) range:  120°C to 

180°C [0.1 to 0.9 MPa (G)]
(3)  Flow velocity range:  0 to ±50 m /s
(4)  Accuracy: ±3% (flow velocity ±10 to 30 m /s)

Automation

Fig.4  “TS1100Si”

4		“MONITOUCH TS1000 Smart Series” for Overseas Markets
In August 2018, Fuji Electric released a new human ma-

chine interface, the “MONITOUCH TS1000 Smart Series,” 
which is designed to meet the growing demand in the Chinese 
and Asian markets.  The key features are as follows:
(1) Line-up of 7-inch and 10.2-inch screen sizes, which are in 

the greatest demand in the Chinese and Asian Markets
(2) Compliant with major global standards, such as CE, KC, 

UL, and cUL
(3) Powerful TFT LCD screens with 65,536 colors
(4) VNC server functions for remote monitoring and control
(5) Backwards compatibility with the screen programs of the 

“MONITOUCH TS1000 Series”
(6) Reduced weight from a redesigned housing (30% to 40% 

lighter than the previous models)

Fig.5  “MICREX-SX SPF Plus”

5		“MICREX-SX SPF Plus” Motion Controller for Overseas Markets
Fuji Electric released its “MICREX-SX SPF Plus” as a 

small programmable controller (PLC) in April 2018 to meet 
the demand for high production efficiency, particularly in the 
Asian markets.  The main features are as follows:
(1)  Available with function blocks for advanced motion con-

trol, including interpolative control and synchronous con-
trol.

(2)  Supports servos systems of 500 kHz pulse train and up to 
4 axes.

(3)  Eliminates need for a dedicated external motion control-
ler.

(4)  Enables users to utilize options common to the 
“MICREX-SX SPF” to build flexible systems.

(5)  Supports the PLC international language standard IEC 
61131-3 to facilitate efficient programming development.
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(a) Calls relevant point corresponding to hierarchy menu selection

HCI (Operation 
screen)

Select from 
hierarchy menu

HEART (Specifications)

HCI (Operation screen)

Links to 
creation point

HEART (Specifications)
(b) Links to internal instrument creation point corresponding 
      to numerical display

Fig.8  Integration with HCI

8	 Function Expansion of “HEART” High-Efficiency Engineering Tool
HEART is a highly efficient and easy-to-use engineering 

tool that can automatically convert control function specifica-
tions created in Visio and Excel into controller software.  It 
can also be used for monitoring on the specifications screen.  
Fuji Electric has recently expanded its functionality by cre-
ating functional linkage with a human communication inter-
face (HCI).
(1)  Links from HCI on the hierarchy menu

It is now possible to call the point of creation inside the 
relevant HEART application from the HCI via a hierarchy 
menu that uses easy-to-understand entries such as equip-
ment names and device names.
(2)  Links to points of creation from the numerical display on 

the HCI
In addition to using variables to link to points used be-

tween the HCI and HEART, internal instrument tags can be 
used as key to call points of creation, improving operability.

Fig.7  Chart display example

7  “FLOADV8” Integrated Maintenance Support Tool for Drive Systems
Fuji Electric has provided the “FLOAD” PC loader for 

plant inverters as a user maintenance and adjustment tool.  
We have recently released the new “FLOADV8” loader with 
enhanced maintenance and adjustment functions.  The main 
features are as follows:
(1)  Historical charts in which the user can set and display 

triggers
(2)  1-ms high-speed sampling by connecting the inverter via 

USB
(3)  Chart data printing by connecting a printer

The high-performance chart functions that strongly sup-
port users in cause investigation and fast recovery in the 
event of failure.

Information LAN

Control LAN

(1) Improves performance 
of monitoring screen

Operator 
station
XOS-3000

Database 
station
XDS-3000

Engineering 
station
XES-3000

Control station
XCS-3000Equalization 

busE-SX
bus

I/O

MICREX-
VieW/C

Standby 
system 
load

(3) Flexibly supports the latest 
OS environments

(2) Expands hardware 
error detection and 
alarm notification 
features

Fig.6  System configuration example

6  “MICREX-VieW XX (Double X)” Function Expansion
Fuji Electric has expanded the functionality of its 

“MICREX-VieW XX (Double X)” small- and medium-scale 
monitoring and control system to allow customers to improve 
the quality of manufacturing, stabilize operation and moni-
toring, and enhance the maintainability of each facility.  The 
main features are as follows:
(1)  Reduces variation in display timing in a plant screen 

by halving the required memory capacity to display the 
screens, thereby alleviating operators' stress during 
monitoring.

(2)  Detects hardware failures (HDD failure, etc.) in operator 
stations and database stations and notifies operators to 
improve maintainability.

(3)  Supports the latest OS Windows 10 and Office 2016. It 
also improves maintainability by making it possible to 
replace the PC depending on the customer renewal plans, 
considering the mixed use of old and new OS PCs.

Automation
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PA accelerator

Component configuration

Automatic
generation

(Bidirectional)

Automatic
generation

MICREX-NX

Target hardware configuration

PA accelerator

A. Plant hierarchy

B. Control logic specifications

B. Control logic specifications (CFC)
Plant hierarchy and

control logic specifications

MICREX-NX

Plant hierarchy and
control logic specifications

(b) Automatic generation of plant hierarchy and control logic specifications

(1) (2) (1)

(2)

A. Plant hierarchy

(a) Automatic generation between component configuration 
     and hardware configuration (bidirectional)

Fig.9  “PA accelerator (PAA)” screen example

9  Interconnection of “MICREX-NX” with “PA Accelerator (PAA)” Integrated Engineering Effi ciency Tool
Fuji Electric has launched “PA Accelerator (PAA)” inte-

grated engineering effi ciency tool, which can interconnect 
with the “MICREX-NX” information and process control sys-
tem to create system confi gurations and control logic specifi -
cations.  It contributes to reducing plant start-up period and 
costs.  It has the following features:
(1)  Automatically generates hardware confi gurations when 

importing component confi gurations created in PAA.  It 
is also possible to refl ect MICREX-NX confi gurations 
into PAA.

(2)  Automatically generates hierarchy and control logic spec-
ifi cations in the engineering station (ES) when importing 
plant hierarchy and control logic specifi cations created in 
PAA into the ES.  In the control logic specifi cations, I /O 
addresses are automatically assigned.

Automation

(Photo courtesy of Takahata Electronics 
Corporation)

WES Indicators
15 units, 
6 lines

Inventory control

Wireless 
LAN

Handy 
terminal for 

inventory 
control

Wireless display for sorting
(Simultaneous work 
instructions for up to 

5 workers using color and 
number indicators)

Sorting
(DAS & DPS)

Access
Controller

(a) System configuration example (b) Application example 

DAS
equipment 
installation 
work scope

10 m

8.5 m

Fig.10  System confi guration and application example

�  Execution Control System Package for Distribution Centers
In many cases, the sorting work at distribution cent-

ers and manufacturer warehouses excluding the large ones 
is still being carried out manually with paper lists.  Fuji 
Electric has developed and released its digital assort system 
(DAS) and digital picking system (DPS), which support wire-
less 5-color indicators, to help reduce manual work and errors 
and improve productivity.

A food manufacturer employed these systems and 
achieved signifi cant improvements including reduction of 
shipment sorting labor hours by about 30%.  The systems 
have the following features:
(1)  Labor savings by controlling the work with a PC and 

wireless instructions.
(2)  Flexible use of space with movable racks.
(3)  Productivity improvement with 5-color indicators that 

support up to 5 people to work at once.

Main computer

Operating 
PC

Process 
computer

PLC

Equipment
Hazardous

area

Network

High speed control 
system package

Overall system configuration Screen display

Time series process 
data display

Lengthwise data 
display

Excel output

Fig.11  Overall system confi guration and screen display

�  Computer Software Package for High-Speed Control Systems
Fuji Electric has developed a computer software package 

that collects, stores, displays and outputs manufacturing and 
quality data for coils and plate-shaped long-length products.  
The package edits the collected data from along the product 
in 1 cm to 10 m intervals lengthwise while also adding key in-
formation for the product and saves the data.  It has the fol-
lowing features:
(1)  Setting registration

Easily register collected data and equipment informa-
tion.
(2)  Data collection and length unit conversion

(a) Collects data from PLCs, process computers, and other 
equipment at events or at regular intervals.

(b) Performs correction using the equipment sensor posi-
tion information and converts time series data into 
length-based data

(3)  Screen display
Displays trends (times series, length-based units) and 

outputs to Excel
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Fig.14  Monitoring and control system for wastewater treatment facilities

�  Monitoring and Control System for Wastewater Treatment Facilities in the Food Industry
Fuji Electric has been supplying its “Citect SCADA” as a 

monitoring and control system for the wastewater treatment 
facilities of beverage manufacturers.  Recently, one of our cus-
tomers constructed advanced wastewater treatment facilities 
for treating a wide variety of waste fluids.  The customer be-
gan to implement IoT systems along with the construction.  
In this regard, we have equipped the Citect SCADA with a 
notification function that sends telephone-based alarms and 
email to users when a fatal fault occurs.  This enables un-
manned operation at monitoring and control rooms at night, 
as well as a emergent response when a fatal fault arises at a 
remote site.

In addition, this system is planned to be equipped with 
advanced functions, such as remote monitoring and control 
using tablet computers, remote monitoring of treatment facil-
ities using web cameras, wireless communications for trans-
mitting measurement data, and integration with business 
systems that prepare pharmaceuticals.

SX-Net LAN
FL-net

(OPCN-2)

Fig.13  “f(s) NISDAS7” conceptual diagram

�  “f(s) NISDAS7” Data Collection and Analysis Support Package Software
Fuji Electric has expanded the range of usable controller 

models and added new functions to enhance their ability as 
an edge controller for its “f(s) NISDAS7” data collection and 
analysis support package software, which is used for facility 
equipment stabilization and preventive maintenance.  These 
enhancements improve flexibility of installation and stream-
line facility maintenance and analysis.
(1)  Adds the “XCS-3000 Type E” high-speed controller for 

electrical machinery control to the list of models applica-
ble for collection.

(2)  Allows the number of collection controllers, which has 
been previously fixed, to be variable and the maximum to 
be 13.

(3)  Supports 64-bit versions of FL-net and SX-Net.
(4)  Adds a one-of-a-kind waveform search function to sim-

plify analysis.
(5)  Adds functions of networking external applications and 

external nodes and outputting CSV files with streaming.

f(s)NISDAS7

Option

TELLUS-HMI

Standard 
PLC panel

Remote 
I/O

Standard software
CPU type Function

CPU
0

SPH
3000PN Interface

CPU
1
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3000PN
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control

CPU
2
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3000
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control

CPU
3

SPH
3000
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Steel rolling mill 
package
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(PROFINET&TCP/IP)
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X
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PROFINET
TCP/IP

Other 
vendor’s 

drive

…
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Fig.12  System configuration diagram

�  Control System Package for Overseas Steel Rolling Mill Plants
Fuji Electric has developed a control system package 

for overseas steel rolling plants.  This package consists of 
Fuji Electric’s “MICREX-SX” programmable controllers, 
“FRENIC” inverters, “f(s) NISDAS7” data collection and 
analysis support package software, and “TELLUS-HMI” hu-
man-machine interface system.  It is a compact control sys-
tem that integrates the control functions of 4 CPUs on a sin-
gle control panel.  It has the following features:
(1)  Utilizes Fuji Electric’s control know-how customized for 

overseas use.
(2)  Supports open network PROFINET.
(3)  Designed as a compact system using multi-CPUs.

In the future, we plan to offer them to users in the Indian 
steel industry.

Automation
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Fig.15  Remote monitoring and control system for power receiving and transforming facilities

�  Replacement of Remote Monitoring and Control System for Power Receiving and Transforming Facilities of Steelworks
 The iron and steel industry is an energy-intensive indus-

try.  The energy center is used for the industry to centrally 
monitor and control various types of energy with the aim of 
stabilizing supply at production plants.  Energy center system 
is one of Fuji Electric’s areas of expertise.  We are currently 
recommending our customers to replace their aged energy 
center instrumentation systems.  Recently, we have replaced 
the remote monitoring and control system for power receiving 
and transforming facilities at the Kimitsu Works of Nippon 
Steel Corporation.  The conventional system consisted of te-
lemeter and telecontrol equipment and panel and desk instru-
mentation equipment.  We replaced them with a distributed 
control system (DCS) and telemeter and telecontrol equip-
ment used for communications to achieve HMI based central 
monitoring and control for the power receiving and trans-
forming facilities.  In addition to utilizing our “MICREX-
VieW XX” for the HMI, we built a large LCD screen system 
for power flow monitoring instead of the graphic panel.  In 
the end, we replaced the system without changing the exist-
ing operating procedures.

Automation

Fig.16  “NRF54”

1  Personal Dosimeter for Overseas Markets
Fuji Electric has developed the “NRF54” as a new elec-

tronic personal dosimeter that simultaneously measures 
gamma and beta rays.  The NRF54 is the latest model in the 
NRF5 Series.  The main features are as follows:
(1)  Uses a case with an open window to efficiently measure 

weakly transmitted beta rays with a beta ray measure-
ment sensor.

(2)  Can simultaneously measure gamma rays and beta rays 
in single device.

(3)  Compliant with the international standard IEC 61526 for 
dosimeters.

(4)  Can link with real-time remote monitoring systems using 
its wireless communication functions.
These features help workers reduce their radiation expo-

sure.  It is expected that the NRF54 will be used in various 
radiation controlled facilities.

Social solutions

Fig.17  “NSN4”

2	 “NSN4” Neutron Scintillation Survey Meter
Fuji Electric has developed the “NSN4” neutron scintilla-

tion survey meter, which uses LiCAF eutectics as a scintilla-
tion material for neutron detection.

Although neutron detectors, widely used today, use he-
lium-3 gas, the gas is concerned to be in short supply in the 
future.

Therefore, Fuji Electric launched the “NSN4” neutron 
scintillation survey meter as the first LiCAF detector type in 
the world, which does not use helium-3 gas.  We have also re-
leased the “NSN3” lightweight neutron survey meter, which 
uses an organic mixed gas detector instead of the conven-
tional helium-3 detector.  In addition to the NSN3, we have 
offered the NSN4, which has higher sensitivity to detect neu-
tron than the NSN3, and we will provide the market with 
survey meters that are not susceptible to future worldwide 
shortages of helium-3 gas.
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(Photo courtesy of Central Japan Railway Company)

Main power converter Traction motor Main transformer

Fig.20  Main circuit electrical equipment for N700S Shinkansen verification test trains

5		Main Circuit Electrical Equipment for Next-Release N700S Shinkansen Verification Test Trains of Central Japan Railway Company
Central Japan Railway Company has developed a next-

release N700S Shinkansen verification test train and has 
been performing running tests since March 2018.  Fuji 
Electric supplied the main circuit electrical equipment (main 
power converters, traction motors, main transformers) and 
has been evaluating the performance of the equipment in the 
tests.  The main features are as follows:
(1)  The main power converter uses Fuji Electric’s SiC power 

semiconductor modules to achieve compactness and 
weight savings 

(2)  The number of poles of the traction motor is changed from 
4 to 6 to achieve compactness and weight savings.

(3)  The weight of entire drive system consisting of main cir-
cuit electrical equipment is reduced by 20% compared 
with previous products.

Fig.18  Renovated 5000 Series railcars

3  VVVF Inverters Using SiC Modules for 5000 Series Railcars of Sanyo Electric Railway Co., Ltd.
Fuji Electric has supplied its compact and lightweight 

VVVF inverters for the renovated 5000 Series railcars of 
Sanyo Electric Railway Co., Ltd.  The railcars started op-
erations in October 2018.  The inverter uses power conver-
sion devices, namely 3.3-kV/1,200-A SiC hybrid modules that 
combine silicon carbide Schottky barrier diodes (SiC-SBDs) 
with insulated gate bipolar transistors (IGBTs).  The main 
features are as follows:
(1)  Achieves low loss by using Fuji Electric’s SiC hybrid mod-

ule.
(2)  Eliminates the need for heat pipe by adapting the cooling 

system, utilizing the airflow in traveling.
(3)  Achieves a 64% reduction in volume and 45% reduction 

in mass compared with previous products.

Social solutions

(a) Tokyu 2020/6020 Series  
     railcar

(b) Toei Model 5500  
     railcar

Fig.19  External appearance of railcars

4		Electrical Driven Door Systems for Tokyu Corporation and Toei Transportation
Fuji Electric has been providing its electrical driven 

door systems for the 2020/6020 Series trains operated by 
Tokyu Corporation and the Model 5500 railcar operated by 
Toei Transportation through Japan Transport Engineering 
Company.  Both the companies employed our systems instead 
of their conventional pneumatic door systems, and they plan 
to continue to replace those of older railcars (Tokyu 8500  
Series and Toei Model 5300).  These railcars have been widely 
 used not only on the lines of their respective companies but 
also throughout the entire Tokyo metropolitan area.  The 
electrical driven door system has the following features:
(1)  Improves reliability when opening and closing doors by 

using the service-proven rack-and-pinion system
(2)  Improves safety through obstruction detection technol-

ogy and a the door control sequence that combines a high 
resolution encoder with servo control technology

(3)  Enhances communication reliability and equipment sta-
tus monitoring by communicating with the railcar control 
system
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Fig.21  Illustrated usage

1	 Karuwaza Web Scenario Creator
“Karuwaza Web” is a tool that can utilize multiple infor-

mation assets stored in company databases.  Even users in 
business departments with non-technical persons can use it 
to easily retrieve and aggregate data.  Recently, in order to 
meet the needs of working-style reforms, Fuji Electric devel-
oped “Karuwaza Web Scenario Creator” as a option of robotic 
process automation (RPA) to automate routine tasks in data 
utilization.  The main features are as follows:
(1)  Extracts manual processes, such as fi le operations, mail 

sending, and data secondary processing, to create operat-
ing scenario.

(2)  Enables creation of scenarios by simply manipulating the 
screen without the need of coding skills.

Information solutions
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Electronic Devices

Semiconductors

Disk Media

Semiconductors
The demand for energy continues to grow due to 

worldwide population growth and economic growth.  
There are increasing expectations that power electron-
ics technology will be able to efficiently use electric en-
ergy and contribute to energy savings and energy cre-
ation in order to mitigate global warming by suppress-
ing CO2 emissions while also helping to create respon-
sible and sustainable societies.  In recent years, there 
has been greater demand for power semiconductors 
since they are key devices of power conversion elements 
in various fields including not only industrial equip-
ment and home appliances, but also automobiles, pho-
tovoltaic power generation and wind generation.  Fuji 
Electric launched an insulated gate bipolar transistor 
(IGBT) as typical power semiconductors in 1988.  Since 
then, we have created products that meet the market 
needs of greater efficiency, miniaturization, reliability 
along with many innovating technologies.

Our recently released 7th-generation “X Series” 
IGBT modules make use of 7th-generation chip and 
packaging technologies and come in a wide variety of 
capacities ranging from 650 to 1,700 V.  Compared with 
previous products, the X Series secures better reliabil-
ity, produces less loss and achieves miniaturization.  
Furthermore, we are currently expanding our line-up 
of X Series IPMs, which integrate a drive IC and pro-
tective functions, to be used for air conditioners, indus-
trial inverters and servos.  Moreover, we have recently 
developed reverse-conducting IGBTs (RC-IGBT), which 
integrate IGBT and FWD chips.  They are expected to 
increase their density.  Fuji Electric has developed an 
RC-IGBT module for industrial applications that com-
bines RC-IGBT technology with X Series technology us-
ing 7th-generation chip and packaging technologies to 
achieve high efficiency, high reliability and further min-
iaturization.  In addition, we have been continuing to 
develop products that use silicon carbide (SiC) as a next-
generation semiconductor material that is increasingly 
expected to replace silicon (Si).  We have developed a 
hybrid module that combines Si based IGBTs with low-
loss SiC-SBDs instead of conventionally used Si based 

FWDs.  Furthermore, in order to achieve even greater 
efficiency, miniaturization and reliability, we have de-
veloped an SiC trench MOSFET chip to create All-SiC 
modules with voltage ratings of 1,200 to 3,300 V. 

In the field of electrical equipment, we have devel-
oped a new one-chip linear control intelligent power 
switch (IPS) equipped with a high-precision current 
detecting amplifier.  We miniaturized the chip by com-
bining the existing product with a new circuit.  In addi-
tion, we have developed a 6.5th-generation supercharg-
ing pressure sensor characterized by improved pressure 
output voltage accuracy at high temperatures and a 
smaller package size.  As there are increasing demands 
for saving fuel and responding to tightened exhaust gas 
regulations, it is used to measure supercharging pres-
sure in high-temperature environments, such as those 
in downsized turbocharged vehicles, contributing to 
the improvement of environmental performance.  We 
are expanding the line-up of compact and lightweight 
modules of automotive IGBTs used for driving motors 
of HEVs and EVs.  These modules use the RC-IGBT 
described above and Fuji Electric’s proprietary sealed 
aluminum cooling system.  We have also developed 
MOSFET and diode modules that contribute to reduc-
ing the size and weight of DC/ DC converters.

In the field of discrete products, we have released 
a line-up of new 650-V “XS Series” discrete IGBTs 
to meet the demand for efficient and downsized com-
ponents of UPSs and PCSs.  These products reduce 
on-voltage and switching loss and are suitable for 
high-speed switching.  Moreover, in addition to 650 V, 
we are currently developing products with a voltage 
rating of 1,200 V.  In the field of IC products, we have 
launched critical conduction mode PFC control ICs 
and LLC current resonance control ICs in response to 
market demand to improve efficiency of power circuits 
during light loads and achieve low standby power and 
reduced system costs.  Currently, we are developing 
the new “FA1B00N Series” critical conduction mode 
PFC control ICs and “FAFA6C00N Series” LLC current 
resonance control ICs, which help reduce the number 
of required parts by integrating control features that 
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suppress output voltage ripple and improve efficiency 
during light loads.  We plan to continue to develop  
environmentally-friendly power semiconductor products 
that contribute to the creation of responsible and sus-
tainable societies.

Disk Media
As IoT and M2M are progressing, the amount of 

data produced worldwide continues to grow rapidly by 
about 30% per year.  This has made huge data storage 

demand.  In this respect, it is expected that nearline 
HDDs will be largely responsible for handling this 
demand at data centers.  Fuji Electric has been mass 
producing in full-scale 3.5-inch magnetic recording me-
dia for nearline HDDs.  In order to meet strong market 
demand, we plan to continue developing and supplying 
high-capacity, high-reliability magnetic recording me-
dia so that we can contribute to developing an advanced 
information society.

Fig.1  “XS Series”

1  “XS Series” Discrete IGBTs Reference:  FUJI ELECTRIC REVIEW 2018, vol. 64, no.4, p. 211

In recent years, there has been a strong demand for 
highly efficient and compact UPSs and PCSs.  We have devel-
oped the “XS Series” 650-V discrete IGBTs as devices capa-
ble of achieving a higher efficiency and smaller size for UPSs 
and PCSs.  Compared with the conventional “High-Speed W 
Series,” they reduce on-voltage and switching loss, while also 
improving trade-off characteristics.  The main features are 
as follows:
(1) Low on-voltage (Tvj = 25 °C, 0.45 V lower than previous 

products)
(2) Low switching loss (Tvj = 25 °C, 10% lower than previous 

products)
(3) Rated voltage/current:  650 V /  30 A, 40 A, 50 A, and 75 A
(4) Shape (package):  TO-247, TO-247-4

Semiconductors
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Fig.2  Performance improvement by using high-mobility charge transport material and high-toughness resin

2	 Improved Photoresponsivity and Durability of Positive Charging Organic Photoconductors
Electrophotographic printers and copy machines are be-

coming faster and more durable.  The photoconductors in-
corporated into these machines are the main components 
responsible for image quality, and thus require high pho-
toresponsivity and high durability.  However, in general, it 
is difficult to achieve both high-speed printing and long-term 
service life when the ratio of charge transport materials is in-
creased to achieve high photoresponsivity.  This is because 
durability will degrade due to the relative drop in resin ratio.

Focused on the mobility of charge transport materi-
als used in positive charge organic photoconductors and the 
toughness of resin, Fuji Electric has develop a new high-
mobility charge transport material that demonstrates high 
transport performance and a high toughness resin with low 
wear characteristics.  We used these materials together to 
optimize the ratios.  As a result, we simultaneously improved 
the photoresponsivity of the photoconductors by 30% and 
their durability by 60%.
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Fig.3  Cross-sectional structure of SiC trench gate MOSFET

3	 2nd-Generation SiC Trench Gate MOSFETs
Fuji Electric has developed 2nd-generation SiC trench 

gate MOSFETs with lower operating on-resistance than 
1st-generation products.  These 1,200-V SiC trench gate 
MOSFETs have a cell pitch that is two-thirds the size of 1st-
generation products, as well as an SiC substrate thickness 
that is a quarter the size.  These developments have reduced 
specific on-resistance by about 23%.  Furthermore, by using 
our proprietary technology in SiC substrates and their man-
ufacturing processes, we prevent increase of on-resistance 
caused by degradation of the SiC-MOSFET body diode.

In FY2019, we plan to develop 650-V and 1,700-V 2nd-
generation SiC trench gate MOSFETs.

Semiconductors

(a) 6.5th-generation (b) 6th-generation

Fig.4  Boost pressure sensors

4	 6.5th-Generation Boost Pressure Sensors
In recent years, there has been a demand for high- 

precision engine control to clean emissions and improve fuel 
economy to reduce the environmental load of automobiles.  
The mounting environment for the pressure sensors required 
in engine control is becoming particularly harsh.

Our 6.5th-generation boost pressure sensors measure the 
boost pressure of turbochargers and superchargers.  They are 
characterized by its resistance to corrosive measuring me-
dia and electrical charging resistance as well as its guaran-
teed operation at 150 °C to withstand harsh mounting envi-
ronments.
(1) Product dimensions (resin component): W7.5 × D5.6 × 

H10.0 (mm)
(2) Operating temperature range: - 40°C to +150 °C
(3) Operating pressure (boost pressure) /  output voltage: 10 

to 400 kPa /  0.5 to 4.5 V
(4) Corrosion resistance: Compliant with JASO M611-92/ B

V F = 6.7 V@100 A/cm2, RT
R on·Adiff  = 30 mΩ· cm2@100 A/cm2
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Fig.5  SiC-IGBT performance characteristics

5  SiC-IGBT Development in the Strategic Innovation Promotion Program
Fuji Electric has participated in the national project 

Strategic Innovation Promotion Program (SIP) since 2014.  
During this time, we have partnered with the National 
Institute of Advanced Industrial Science and Technology and 
other participating companies in the joint development of 20-
kV SiC-IGBTs.  IGBTs utilizing SiC, which is wide-band gap 
semiconductor, are bipolar devices.  They enable a lower on-
resistance in ultra-high breakdown voltage region than cur-
rently available MOSFETs.  SiC-IGBTs with withstand volt-
ages exceeding 13 kV are expected to allow high-voltage 
power conversion systems and distribution systems to reduce 
the number of components, achieve miniaturization, and im-
prove efficiency.  One of our achievements during FY2018 was 
the development of SiC-IGBTs with the world’s highest level 
of performance distinguished by a withstand voltage of 24 kV 
and characteristic differential on-resistance of 30 mΩ/cm2.  
We conducted a 10-kV switching test and achieved our goal of 
a total loss of 50% or less that of a Si device.
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(a) High-voltage side (b) Low-voltage side

Fig.6  Modules for DC/DC Converter of xEVs 

6  Modules for DC/DC Converter of xEVs
In recent years, as the usage of electric components is 

growing to improve safety, convenience and amenity, there 
has been increasing demand for miniaturization of power 
conversion circuits.  In this respect, Fuji Electric has released 
modules for DC/ DC converter of  electrified vehicles (xEVs).  
In addition to modularizing the circuits that have been con-
ventionally created with discrete parts, we applied the tech-
nology we have cultivated in small capacity modules for in-
dustrial applications to develop the modules. The modules  
contribute to significant miniaturization of DC/ DC convert-
ers, allowing for a 40% reduction in volume compared with 
previous ones.  The main features are as follows:
(1) High-voltage side:  600 V / 15 A (with built-in Super J 

MOS)
(2) Low-voltage side:  120 V / 120 A, 150 A (with built-in SBD)
(3) Circuit configuration:  Phase shifted full-bridge converter
(4) Rated output:  Approx.  1.9 kW (low-voltage side 120 A), 

approx. 2.3 kW (low-voltage side 150 A)

Semiconductors

Protective
film layer
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Fig.7  TEM image of magnetic recording medium 

1  Magnetic Recording Media for HDD Designed for Data Centers
The worldwide data storage capacity demand is increas-

ing continuously and it is expected that HDD will continue to 
support of major portion of that capacity.  Therefore, contin-
ual areal density increasing is desired.

  Fuji Electric is currently mass-producing 3.5-inch, 1.33-
TB/platter media for HDD designed for data centers.  On 
the basis of this technology, write-ability was improved with 
multi-magnetic layer structure optimization.  And also, the 
inter-granular coupling was reduced with finer magnetic 
grain and its isolation, and it worked on noise performance 
improvement.  With utilizing these new technologies, we 
started 1.75-TB/platter media mass production.  In FY2019, 
we will contribute to the advancement of information- 
oriented society through continuous improvements of areal 
density.

Disk Media
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Power Generation

Thermal and Geothermal Power Generation

Nuclear Related Equipment

New Energy

There has been further worldwide acceleration 
in decarbonization following the 24th Conference of 
Parties to the United Nations Framework Convention 
on Climate Change (COP24).  In particular, the power 
generation sector is in transition period due to the pol-
icy change of each participating country in preparation 
for a scenario in which temperatures would rise 2 °C.  
It is against this backdrop that coal-fired power is fac-
ing headwinds as countries throughout the world make 
continue to convert to renewable energies.  In the field 
of renewable energies in Japan, subjects of development 
are changing according to revisions in the “Feed-in 
Tariff Scheme for Renewable Energy” (FIT) enacted 
by the Ministry of Economy, Trade and Industry.  Fuji 
Electric is also making a shift to the field of renewable 
energies as companies in the same industry move for-
ward with structural reforms in response to reductions 
in the coal-fired market.

In the field of thermal power generation, we have 
been continuously receiving orders in Japan for turbine 
generation equipment that can be used in multiple bio-
mass mixed firing plants.  At the same time, we have 
received orders from outside Japan for turbine power 
generation equipment for combined cycle power genera-
tion.

In the field of geothermal power generation, we 
have received orders in Japan, and expect to receive 
increasingly more, for 15 MW class geothermal turbine 
power generation equipment.  Overseas, Fuji Electric 
has received its first order for geothermal power gener-
ation equipment in Africa.  Furthermore, we have been 
continuously receiving orders for an Indonesian project.

In the field of services, we have expanded our ser-
vice programs and activities for proposing solutions to 
customers.  As a result, we have been continuously see-
ing positive results in our proposals for rehabilitation 
projects aimed at improving efficiency.  Outside Japan, 
we have been assigning local staff as overseas distribu-
tors in areas of key strategic importance to further en-
hance sales activities.

Hydroelectric power generation is a renewable en-
ergy with excellent supply stability that does not emit 

CO2 during power generation.  It serves as a base load 
power source.  Pumping power generation, however, 
contributes to the stability of the power grid by storing 
power and is expected to play an even more important 
role in situations where the use of unstable renewable 
energy souses is increasing, such as wind power and 
solar power generation.  In the field of Fuji Electric 
hydroelectric power solutions, Voith Fuji Hydro KK 
achieved a record high amount of orders received in 
FY2018 (since its establishment in 1997) following the 
tailwinds of the Feed-in Tariff Scheme (FIT).  In par-
ticular, it received orders for new projects and 6 S&B 
projects, as well as services.  For market trends, since 
the FIT purchase price was determined for the years up 
to 2021, demand for replacement of hydroelectric power 
facilities is expected from 2019 onwards.  Therefore, a 
stable amount of orders are anticipated.

In the field of nuclear power, we are providing tech-
nologies of enhanced earthquake resistance, fire pre-
vention and extinction and related products that comply 
with new regulatory standards.  They contribute to the 
reactivation of power plants and the construction of re-
processing plants and MOX fuel plants.  At the same 
time, however, plans are moving forward to decommis-
sion nuclear power plants.  For the decommissioning of 
the prototype fast breeder reactor Monju, Fuji Electric 
has been steadily advancing in fuel removal and fuel 
cleaning work using the fuel handling equipment that 
we have supplied.  In addition, we have been collabo-
rating with Scotland based John Wood Group PLC to 
develop radioactive waste solidification technology us-
ing geopolymer material and introduce the technology 
into Japan.  The technology can be used for stabilizing 
the treatment of radioactive waste produced during the 
operation and decommissioning of nuclear power facili-
ties.

In the field of solar power generation, we received 
engineering, procurement and construction (EPC) con-
tracts and completed the work for 4 power plants in 
FY2018.  These projects included storage battery 
equipped Tomakomai Mega Solar Power Station No. 1 
(38.4 MW DC, 25 MW AC), one of the largest class fa-
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cilities in Japan.  Upon completion, the power station 
successfully satisfied the technical requirements for the 
power fluctuation countermeasure of Hokkaido Electric 
Power Co., Inc.  We also developed and launched the 
“PIS-50/500” PCS for string type solar power genera-
tion (1,100 V DC, 50 kVA).  This PCS is best suited for 
installations on the top of buildings and parking ga-
rages.  We plan to expand into projects for private con-
sumption as demand increases.

In the field of wind power generation, the planning 
and construction of large-scale wind farms have begun 
mainly in the Hokkaido and Tohoku regions of Japan.  
Fuji Electric will offer system stabilization equipment 
that combines storage batteries and PCS and actively 
pursue EPC projects for wind power generation facili-

ties.
In the field of fuel cells, we have shipped 17 phos-

phoric acid fuel cells to Korea and 2 to Germany.  In 
Korea, the use of fuel cells is expanding due to poli-
cies such as the Renewable Portfolio Standards (RPS), 
a system that requires electricity utilities to introduce 
more than a certain percentage of new or renewable en-
ergies including fuel cells.  In the future, we expect the 
sale of fuel cells to accelerate, especially in Korea.

Fuji Electric will continue to work on propos-
ing value-added solutions that meet the needs of an 
era of decarbonization by utilizing its experience and 
strengths obtained from the business of small- and  
medium-scale power plants.

Fig.1  Photo of power plant site under construction

1	 Receiving Order from Rantau Dedap Geothermal Power Plant in Indonesia
Fuji Electric received the order of the geothermal power 

plant (power generator terminal rated output:  49.2 MW × 2) 
of PT Supreme Energy Rantau Dedap in partnership with PT 
Rekayasa Industri in Indonesia in April 2018.  The contract 
includes design, procurement, manufacturing, installation, 
and commissioning test.

Fuji Electric has undertaken the design, procurement 
and manufacturing for the main equipment, piping facilities 
and control equipment in the power plant.  The main geother-
mal steam turbines, generators and condensers will be de-
signed, manufactured and shipped by our Kawasaki Factory.

This project uses an enhanced intercondensers and opti-
mized sulfuric acid injection systems to improve generation 
efficiency.  It also adopts optimization technology to improve 
reliability.  Equipment production and local construction are 
underway, with the start of operations planned for August 
2020.

Thermal and Geothermal Power Generation

(Photographed in March 2019)

Fig.2  Steam turbine casings in preparation for shipping

2  Shipment of Steam Turbines and Generators to Biomass Power Plants
Fuji Electric has shipped steam turbines, genera-

tors, condensors and other major equipment to three power 
plants:  the Yokkaichi Thermal Power Station (49 MW) of 
Chubu Electric Power Co., Inc.  through the main contrac-
tor Sumitomo Heavy Industries, Ltd.; the Houhu Biomass & 
Coal Power Plant (112 MW) of Air Water & Energia Power 
Yamaguchi Inc.; the Buzen Biomass Power Plant (74.95 MW) 
of Buzen New Energy, LLC through the main contractor JFE 
Engineering Corporation.  Installation work and commission-
ing are underway and these plants are scheduled to be com-
pleted in 2019 to 2020.  The fuel used in all power plants is 
wood biomass (palm tree coconut shells and wood pellets) as 
renewable energy.  These facilities uses industry-proven, high- 
reliability air-cooled brushless-exciter generators and highly 
efficient and reliable one-casing reheat steam turbines, 
thereby achieving a compact layout.
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Fig.3  System configuration diagram

3  Replacement of Main Control System of Isogo Thermal Power Station Unit 1 of Electric Power Development Co., Ltd
Fuji Electric has replaced the main control system (tur-

bine generator control system and turbine protection system) 
of new Isogo Thermal Power Station Unit 1 (600 MW, in op-
eration since 2002) of Electric Power Development Co., Ltd.  
The main contractor of the project is J-POWER EnTech, Inc. 
The power station Unit 1 started operation in August 2018. 

In response to the request to improve the monitoring and 
control circuits of important auxiliary equipment, we added 
hardware interlocks and changed the interface of other man-
ufacture’s DCS (distributed control system).  These modifica-
tions improve the reliability of the entire monitoring and con-
trol system.  Moreover, we took care to ensure that customer 
work and on-site work proceeded smoothly and successfully 
completed commissioning test.  As a result of the replace-
ment, the main control system now uses Fuji Electric’s latest 
controllers (PLCs) in redundant configuration to improve re-
liability and maintainability.

Thermal and Geothermal Power Generation

Fig.4  Kneading equipment for solidification treatment system

1	 Application of Advanced SIAL® Solidification Technology for Radioactive Waste
Fuji Electric has used the advanced SIAL® solidification 

technology of Wood Plc, designed as the world’s first geopol-
ymer based solidification technology for radioactive waste 
treatment, to make practical use of this proven technology for 
stabilization and treatment of radioactive waste streams pro-
duced by nuclear plants in Japan. 

SIAL® can be applied to various kinds of radioactive 
waste, some of which have been difficult to solidify, includ-
ing ion exchange resin, sludge waste, incinerator ash, oil and 
liquid waste.  Furthermore, our solidification treatment sys-
tem is compact, it can be easily installed at existing facilities. 

In order to put SIAL® technology in practice in Japan, 
we have been developing the solidification treatment system 
while verifying the compressive strength and leaching char-
acteristics as a basic properties of the solidified product at ac-
tual scale size using 200 L drums.

Nuclear Related Equipment

Fig.5  Delivered phosphoric acid fuel cell

1	 Phosphoric Acid Fuel Cell for KT Corporation in Korea
Fuji Electric has delivered 100-kW phosphoric acid fuel 

cells to small- and medium-sized power producers in Korea 
since 2017.  More than 10 units are already in operation, 
mainly at facilities with large heat demands.

In Korea, fuel cells are being promoted in the same way 
as renewable energy.  In recent years, the adoption of fuel 
cells has rapidly expanded because the power generated by 
them can be sold at high prices.

We recently delivered one to a recreational facility owned 
by KT Corporation, the largest telecommunications company 
in Korea.  In addition to selling generated power, the facility 
utilizes exhaust heat generated during the fuel cell operation 
to reduce energy consumption.

We are expecting a further increase in deliveries in Korea 
in the future.

New Energy

(Photo courtesy of KT Corporation)
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Food Distribution

Vending Machines

Store Distribution

Vending Machines
There are currently about 83,000 vending ma-

chines in Southeast Asia (about 1 /30 of that of Japan).  
Since the Southeast Asian market is expected to grow, 
Fuji Electric has established a manufacturing base in 
Indonesia to expand our vending machine business.  
We started producing beverage vending machines for 
Southeast Asia in 2018.  We modified the design to be 
suitable for the Southeast Asian market.

Products to be sold have more variations in shape 
and size than those in Japan, we equipped the ma-
chines with slanted racks as a new vending mechanism 
not dependent on the shape of the product and also 
provided them with a new airflow control technology.  
Furthermore, the vending machines come standard 
with a payment device (in-house product) not only for 
local currency, but also for QR code payment, which is 
gaining popularity even in Japan.

Due to the spread of smartphones in Indonesia, the 
population of Internet users has been growing every 
year.  It is said that nearly 80% of the total Southeast 
Asian population of 600 million people will be able to 
access the Internet by 2020.  Since handling of cash 
tends to be complicated in Southeast Asia, it is ex-
pected that the electronic money business will grow 
rapidly in the future to respond to this situation.  
Therefore, electronic payment is essential in Asian 
markets.  For example, in the case of Indonesia, there 
are about 67 million smartphone users among its popu-
lation of 260 million people.  It is interesting to com-
pare this to Japan where there are 76 million people 
actively using the social networking application LINE.  
As a matter of fact, the use of QR code payments is ex-
panding in Indonesia, especially on motorcycle taxis.  
Similar trends can also be expected to be found in other 
regions.

In order to expand the use of vending machines, 
we have been constructing a scheme for manual main-
tenance in Southeast Asia.  Even the slightest miscon-
figuration can greatly impair efficiency since it will re-
quire the time-consuming task of sending a route sales 
person to the site of the vending machine.  Therefore, 

in order to efficiently carry out maintenance for vend-
ing machines deployed in a wide range of areas, we are 
developing a remote system based on IoT technology to 
support services and operator work.  The system will 
allow operators to monitor the condition of vending 
machines through communications and remotely per-
form jobs that require no on-site work, such as a setting 
change.

Our intention is to standardize a common set of 
services that enable business operators of vending ma-
chines to confidently expand their business and spread 
the popularity of vending machines.

Store Distribution
According to the “Convenience Store Survey 

Results for 2018” published by the Ministry of 
Economy, Trade and Industry, more than half (61%) of 
proprietors responded that their stores are constantly 
facing employee shortages.

The survey results stated that the reason why it 
is difficult to secure employees is due to the complex-
ity of tasks, the difficulty of the tasks themselves and 
the challenges involved in procuring staff at numerous 
store locations.

Fuji Electric launched a project in 2017 to discover 
what kind of worker-friendly environment is needed to 
accommodate employee diversification in order to help 
alleviate these current challenges from the standpoint 
of an equipment maker.  Therefore, we took it upon 
ourselves to perform the actual tasks required of conve-
nience stores and created some solutions based on our 
findings.  In particular, we utilized automatic change 
dispensers to reduce the stress of operating cash regis-
ters and developed products such as our “swing racks” 
to reduce physical burdens when working in stock-
rooms.

We completely redesigned our coffee machines for 
convenience stores in 2018.  Daily cleaning and inspec-
tion of coffee machines is very important in maintain-
ing the quality and taste of the coffee, but it is also a 
burden on employees.  Therefore, we developed a cof-
fee mill that is resistant to dirtiness to eliminate some 
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previously necessary duties.  Furthermore, we use IoT 
technology to simplify duties.  For example, providing 
the machines with an LCD display in the center of the 
sales panel helps guide store staff to solutions when 
failure occurs.

At the same time, we revised the coffee extraction 
process to speed up the time required to brew mild 
tasting coffee.  This helps alleviate the stress felt by 

customers as they wait for their coffee.
The issues faced by the retail industry are not lim-

ited to those mentioned above, but also entail social 
challenges such as how to optimize the energy con-
sumption of business operations and reduce food loss.  
Fuji Electric intends to continue to tackle these chal-
lenges from the viewpoint of convenience, labor savings, 
and energy savings.

Fig.1  “FAG36JGCD8OY”

1  “FAG36JGCD8OY” Beverage Vending Machine for Southeast Asia
Fuji Electric has developed a beverage vending ma-

chine for Southeast Asia in expectation of market expan-
sion and has started its manufacturing at PT.  FUJI METEC 
SEMARANG in Indonesia.  The main features are as follows:
(1)  Equipped with slanted rack for product storage and vend-

ing structure to accommodate large-sized items.
(2)  Makes use of the technology for controlling airflow de-

pending on the amount of product stock.
(3)  Supports cashless payment using QR codes, etc.
(4)  First Fuji Electric beverage vending machine to be certi-

fied with third-party certification.
™Safety standard:  IEC 60335-2-75
™EMC standard:  IEC 61000-6-1, IEC 61000-6-3

Vending Machines

Walk-in 
rack

Swing Rack
(Fixed frame)

Swing Rack
(Supporting shelf)

Swing Rack
(Movable frame)

Fig.2  “Swing Rack”

1  “Swing Rack” Walk-In Case Support Racks Reference:  FUJI ELECTRIC REVIEW 2019, vol. 65, no. 1, p. 28

Fuji Electric has developed the swing rack that can be 
mounted to the racks of walk-in cases for Seven-Eleven Japan 
Co.,Ltd.  The swing rack can move with the products being 
loaded on it within the warehouse.  This reduces the physical 
burden of constant movement and bending when displaying 
products in walk-in cases.  The main features are as follows:
(1)  The swing rack supporting shelves loaded with products 

utilize a ratchet type locking mechanism and damper 
mechanism.  This makes it easy for anyone to operate and 
store it.

(2) The movable frame attached to the supporting shelves is 
mounted with door rollers that move along a V-shaped 
rail.  This makes it easier to operate since it reduces con-
tact resistance between the door rollers and rail. 

Store Distribution
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Support lamp based visibility

Fig.3  “ECS-777”

2  “ECS-777” Automatic Change Dispenser Reference:  FUJI ELECTRIC REVIEW 2019, vol. 65, no. 1, p. 44

Fuji Electric has developed the “ECS-777” as a product 
that has further evolved the features of existing automatic 
change dispensers that have been already on the market.  
The ECS-777 combines excellent design and usability that 
can be used as a self-checkout machine to achieve ease-of-
use through intuitive operation so that retailers facilitate ef-
ficient cash management tasks and smooth accounting activi-
ties.  The main features are as follows:
(1) Facilitates intuitive operation for users by activating a 

support lamp during deposit and withdrawal.
(2) Significantly improves the bill jamming rate by giving a 

guiding mechanism with software based posture control 
at the bill insertion slot.

(3) Detects when the change dispenser is full with coins and 
bills and automatically collects them with the overflow 
function, allowing the change dispenser to operate contin-
uously without stoppage.

Store Distribution
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Field Services

Field Services

Fuji Electric IoT platform

Operation data
Maintenance data

FiTSA Σ

Gas analyzer ZKJ
Gas analyzer ZSU

Fig.1  System confi guration

1  Remote Monitoring Service for Gas Analyzers
Fuji Electric has developed and offered the industry’s 

fi rst cloud-based remote monitoring system for gas analyz-
ers.  The service provides a batch service menu for equipment 
leases, maintenance contracts and other services to opti-
mize the costs for equipment introduction and operation.  The 
main features are as follows:
(1) Analyzes the state of operation and maintenance on the 

basis of various data collected from gas analyzers to diag-
nose failure and abnormal risks.

(2) Enables early-stage detection of abnormalities and deter-
mines the optimum maintenance period for part replace-
ment, etc.

(3) Delivers robust operation management based on Fuji 
Electric’s common, secure IoT platform.

Field Services
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Fundamental and  
Advanced Technologies

Fundamental Technology

Advanced Technology

Fuji Electric has been focusing its attention on de-
veloping overwhelming competitive components, sys-
tems and solutions that create customer value.  At the 
same time, we are energetically researching and devel-
oping fundamental technologies that support the devel-
opment of these products and advanced technologies 
that differentiate us from competitors.

In the field of materials technology, we are working 
on research and development to achieve differentia-
tion by applying computational science to the design of 
insulating gases that can replace SF6.  In order to min-
iaturize high-voltage equipment, we are currently de-
veloping insulating materials with optimally designed 
permittivity using fillers and designing new materials 
using computational science.

In order to reduce the resistance and increase the 
reliability of silicon carbide (SiC) devices, we have been 
working to clarify their mechanism by making use 
of the most advanced analysis technologies and com-
putational sciences.  As a result, we have developed 
a molecular simulation technology for analyzing the 
changes in the molecular structure of materials due to 
reactions, and are applying it to defect analysis at the 
gate oxide film interfaces of a SiC-MOSFET to identify 
defect structures that affect performance.

We are also developing vertical MOSFETs that uti-
lize gallium nitride (GaN) as a next-generation power 
device that can replace SiC.  It is characterized by ion 
implantation based p-type formation and MOS inter-
face control.  We have established a technology for 
forming a flat MOS interface on the p-type (Mg) injec-
tion layer at the atomic level, and formed a vertical 
MOSFET structure on the GaN substrate using only 
ion implantation to achieve a normally-off FET.

As for SiC power electronics equipment, we have 
developed a modular multilevel converter (MMC) 
equipped with 3.3-kV SiC power devices.  This con-
verter can be interconnected with 6.6-kV power sys-
tems without the use of an interconnection trans-
former and achieves our target efficiency of 98.5%.  
Furthermore, by applying our proprietary single-phase 
inverter DC voltage equalization control, it can also 

compensate negative-sequence power.
Moreover, we have also been developing technolo-

gies to improve the reliability of high-voltage equip-
ment.  We elucidated the discharging mechanism 
between busbars caused by dust and created a design 
technology to ensure an appropriate insulation design.

In the field of thermal energy technology, we have 
developed a highly efficient 150 °C high-temperature 
steam generator that utilizes a compressor character-
ized by 2-stage compression.  We are currently per-
forming field tests to demonstrate its effective use of 
low-temperature exhaust heat.

As the use of renewable energies increases, there 
are concerns about the impact of lightning surge on 
large-scale wind power stations.  In this regard, we 
have used the surge analysis programs developed 
by the Central Research Institute of Electric Power 
Industry to carefully ascertain the surge characteris-
tics of wind turbines and distribution networks and 
have modeled the characteristics using a power system 
analysis program.  As a result, we have established a 
technology for analyzing the surge of large-scale wind 
power generation systems with high accuracy.

In the field of control technology, we have devel-
oped a plant model based predictive control technol-
ogy that is executable on edge devices.  This type of 
control method conventionally required a high-speed 
computer, but we have made it possible to use it on our 
“MICREX-SX” programmable controller (PLC) by using 
mathematical formula manipulation to accelerate the 
algorithm.

As a means of improving development efficiency, 
we are adopting model-based development methods 
that use detailed simulations by modeling develop-
ment targets from the beginning stages of develop-
ment.  For example, we creates the detailed models for 
the all components of a servo system, such as a control 
amplifier, motor and machine loads, and apply control 
amplifier models based on the results of virtual testing 
in simulated environments to the control programs of 
products.

We are also making use of advanced artificial 
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Intelligence (AI) technologies.  We are developing an 
image recognition technology that uses AI to learn the 
characteristics of normal products on the basis of image 
data and classify images with different characteristics 
in a graded manner.  We plan to apply this technology 
to our in-house inspection lines to automate visual sen-
sory inspections, which depend on inspectors.

AI is also increasingly being used to diagnose ab-
normalities.  In order to clarify the basis for determin-
ing abnormalities, we are developing AI that can quan-
tify the impact of the anomaly to explain the cause of 
its occurrence.

The use of Internet of Things (IoT) technology is 
growing.  In this respect, Fuji Electric is expanding its 
solutions under the keywords “Small, Quick Start & 
Spiral-Up” by using feature-rich fi eld devices and ad-
vanced one-of-a-kind analysis technologies as differen-
tiating features.  In particular, we are developing tech-

nologies that provide the security measures required of 
embedded devices.  Furthermore, in order to respond 
to the expanded use of wireless networks, we are cur-
rently developing technologies to effi ciently deliver and 
automatically update the built-in fi rmware of wireless 
devices.

Recently, microservices have gained a lot of atten-
tion as a software development method.  The architec-
ture consists of multiple highly independent systems 
that quickly and fl exibly provide a new service without 
impacting quality.  In order to achieve this, we are de-
veloping lightweight, high-speed container-based virtu-
alization.

In this manner, Fuji Electric provides solutions to 
create responsible and sustainable societies by endeav-
oring to create advanced technologies and thoroughly 
strengthening fundamental technologies that support 
product development.

Fig.1  High-speed observation of DC discharge due to dust contamination at the insulation surface between busbars

1  Verifi cation and Design Technology for Dust Contamination of High-Voltage Equipment
Traditionally, anti-contamination design have been based 

on the research of salt damage on AC distribution equipment, 
assuming that discharge occurred due to the water-soluble 
contamination of dew condensation.  In order to improve the 
reliability of power electronics equipment used in dusty envi-
ronments, we have constructed a design technology that can 
ensure the safety of power electronics equipment by verify-
ing the dust contamination between busbars and appropri-
ately providing insulating distance based on the properties 
of the dust.
(1) Discharge arc occurs between dust particles or busbars 

at time of switching even when dust does not completely 
bridge between busbars.

(2) Dust signifi cantly reduces withstand voltage even in dry 
conditions.

(3) The voltage distribution on the insulation surface dur-
ing switching changes substantially at the contaminated 
area or non-contaminated area, and when either of those 
areas exceeds its threshold, discharge occurs.

Fundamental Technology

1 kV
High 
voltage 
busbar

Conductive
dust

0 V
Ground-
ing 
busbar

12 mm

0 ms 1 ms

2 ms 10 ms

Prototype

Detailed design Unit test

Simple
evaluation

Specification
review

Con-
troller Plant PlantCPU M

High-accuracy
evaluation System test

Functional design Combination test

(Needs analysis)

Fig.2  Initiatives to develop and improve products using model-based development methods

2  Product Development Using Model-Based Development Methods
The use of model-based development methods has been 

spreading, which uses detailed simulations by modeling prod-
ucts and applications from the beginning stages of develop-
ment has been increasing and the adoption of model-based 
development methods has been spreading.  Fuji Electric has 
also been utilizing these methods in its product development.

As an example of servo system development, we create 
detailed models that include operation timings for all con-
trol amplifi ers, motors and machine loads and perform vir-
tual testing in various types of simulated environments.  
Furthermore, we have streamlined our development and ver-
ifi cation by applying our test-based control amplifi er models 
to the control programs of products.  In addition to servo sys-
tems, we are also applying these same development methods 
to the drive systems of other machinery and equipment.
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Fig.3  Execution environment to protect information assets

3  Asset Protection Technology for Embedded Devices
The spread of IoT has created the need of greater security 

measures for embedded devices.  Fuji Electric’s asset protec-
tion technology delivers a secure execution environment us-
ing TrustZone, a feature of ARM core processors.  The tech-
nology separates memory into protected and unprotected 
areas to guarantee the authenticity of data and programs 
stored in equipment.

Furthermore, the communication interface between the 
memory areas employs an API of the Trusted Execution 
Environment, defi ned by the GlobalPlatform standardization 
organization.  This makes it easy to design secure structure 
and also help achieve lightweight systems through function 
selection.

Fundamental Technology

Control system design

Offline support system

General-purpose 
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(IEC 61131-3 standard)
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T
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Formula analysis
technology

Control 
specifications

Fig.4  Confi guration example for edge type model predictive control

4  Model Predictive Control for Edge Devices Applicable to General-Purpose Controllers
Model predictive control (MPC) is an excellent control 

method that enables high-precision control while predicting 
future behavior using plant models.  However, MPC requires 
high-speed computers.  Therefore, in order to execute MPC 
on inexpensive edge devices, Fuji Electric has utilized mathe-
matical formula manipulation to accelerate the computation.  
We equipped the “MICREX-SX” PLCs with the control by us-
ing a general-purpose PLC language compliant with the in-
ternational standard IEC 61131-3.  These industry-proven 
control systems can be used to achieve high-precision control 
of customer plants with low costs by applying following tech-
nologies:
(1) Tuning support technology to create plant models from 

operational data
(2) Mathematical formula analysis technology to gener-

ate optimal control formula using formula manipulation 
based on control specifi cations and plant models

(Unit: m)

(a) Windmill model specifications (b) VSTL REV 
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Fig.5    Example of simulation model for large-scale wind power 
generation system

5  Lightning Surge Analysis Technology for Large-Scale Wind Power Generation Systems
Wind power generation facilities hold promise to increase 

in scale and deployment as a major power source.  However, 
there are concerns about damage to wind power generation 
facilities due to the penetration of lightning surge.  Therefore, 
the importance of lightning surge analysis for wind power 
generation systems, including power distribution networks, 
has been increasing.

In order to perform lightning surge analysis on large-
scale wind power generation systems, Fuji Electric has been 
working to establish a simulation technology using surge 
analysis program VSTL REV, which is developed by the 
Central Research Institute of Electric Power Industry, and 
power system analysis program EMTP.  This technology 
makes it possible to perform high-precision surge analysis on 
large-scale wind power generation systems by creating sim-
plifi ed models on EMTP from the detailed surge character-
istics of windmills and distribution networks obtained using 
VSTL REV.  This enables insulation design to be carried out 
using detailed lightning overvoltage estimations.
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Fig.6  System configuration for wireless firmware updates

6  Wireless Firmware Update Technology
The spread of IoT is expanding the use of wireless net-

works for businesses and products.  However, this has in-
creased maintenance costs and maintenance periods for up-
dating the firmware in embedded devices in order to improve 
functionality or fix bugs.

Therefore, Fuji Electric has developed the technology 
that efficiently distributes and automatically updates the 
firmware of wireless devices (FOTA:  Firmware On The Air).  
The main features are as follows:
(1) Efficient data distribution via broadcast communications
(2) Fast update with differential compressed data distribu-

tion
In the future, we plan to upgrade FOTA to a platform and 

apply it to products in various business sectors.

Fundamental Technology
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Fig.7  Example of a system configuration using container-based virtualization

7  Container-Based Virtualization for Microservices
In software development, in order to provide new services 

that respond to changes in customer needs quickly without 
compromising quality, microservices have begun to be used, 
in which an application system consists of multiple highly in-
dependent services.  One method of achieving microservices 
is to use container-based virtualization, which is lightweight 
(low CPU, memory and disk resource consumption) and fast 
(fast startup and low overhead).

Container-based virtualization can quickly respond to 
on-premises cloud services and edge-heavy systems that in-
clude embedded devices.  It also facilitates seamless migra-
tion on a container basis and reuse of software.
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Classifier (2) Classifier (3)

Normal
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Normal / abnormal determination

Abnormality 
classification

Abnormality 
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Fig.8  Example of image recognition AI detection flow

8  Automatic Visual Inspection Technology Using Image Recognition AI
For a traditional visual inspection of industrial prod-

ucts, an image processing expert created the inspection al-
gorithm focusing on a target product by repeating trial and 
error.  However, when there is no specific criteria to identify 
whether the product is normal or defective, a visual inspec-
tion needs to rely on the sensory inspection of inspectors.

Therefore, in order to automate this sensory inspection, 
Fuji Electric has developed an image recognition technology 
using AI by following procedures:
(1) Use AI to learn the characteristics of normal product ap-

pearance images
(2) Gradually classify images having characteristics that 

differ from the learning results
This technology has enabled us to obtain stable inspec-

tion results during an automated visual inspection.  In the 
future, we plan to apply this technology to our in-house in-
spection lines.
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Fig.9    Overall circuit configuration and general view of the MMC 
demonstration test equipment

1  6.6-kV Transformerless Power Converters
Fuji Electric participated in the “Next-Generation 

Power Electronics” project of the Strategic Innovation 
Promotion Program (SIP) promoted by the Council for 
Science, Technology and Innovation of the Cabinet Office, 
and it has developed a modular multilevel converter (MMC) 
type power converter that can directly connect to the 6.6-kV 
power grid without using an interconnection transformer.  In 
FY2018, we conducted in-house demonstration tests with a 
200-kVA test converter and achieved our goal of 98.5% effi-
ciency (power loss:  less than a half of that of previous prod-
ucts).  The converter comes with 3.3-kV SiC power devices to 
achieve high efficiency.  Furthermore, by using our proprie-
tary DC voltage balancing control for converter cells (single- 
phase converter), it is possible to compensate negative- 
sequence power as well as leading and lagging reactive power.  
In the future, we plan to apply this technology to 10-MVA 
class reactive power compensators and flicker compensators.

Advanced Technology

Fig.10  Steam generation heat pump under field testing

2  High-Temperature Steam Generation Heat Pump Recovering Waste Heat 
Fuji Electric is developing the industry’s first high- 

temperature steam generating heat pump capable of generat-
ing 150 °C steam.  We have participated in a NEDO project 
since 2015 and have recently been performing the field tests 
of the heat pump at our Yamanashi Factory.  The main fea-
tures of the heat pump are as follows:
(1) Efficiently generates 150 °C saturated steam by recover-

ing waste heat with a temperature of lower than 100 °C, 
which has previously been unused.

(2) Achieves the industry’s highest class coefficient of per-
formance (COP) of 3.4 by using a scroll compressor that 
can perform 2-stage compression with a single unit.

(3) Uses a new refrigerant with a global warming potential 
(GWP) of 2 in consideration of the global environment.
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Fig.11 Structure and electrical properties of vertical GaN-MOSFET

3  Vertical GaN-MOSFETs Fabricated by Ion Implantation
Vertical MOSFETs using gallium nitride (GaN) [see Fig. 

11(a)] are expected to become next-generation power switch-
ing devices featuring lower loss than those using silicon car-
bide (SiC).  In terms of cost and reliability, formation of p-type 
layers by ion implantation (I / I) and control of MOS interface 
are important to realize GaN devices. 

Fuji Electric has established a technology for forming a 
flat MOS interface at the atomic level on the p-type (Mg) im-
planted layer [see Fig. 11(b)] to control channel character-
istics (mobility >100 cm2/ Vs at threshold voltage >3 V).  By 
using this technology, we formed ion implantation based ver-
tical GaN-MOSFET structure on the freestanding GaN sub-
strate and demonstrated normally-off FET operations [see 
Fig. 11(c)].

We plan to continue improving the characteristics so 
that we can achieve device characteristics that exceed SiC-
MOSFETs.
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Fig.12    Reaction simulation and analysis between SiC and process 
gases

4  Reaction Analysis of SiC-MOSFET Interfaces Using Molecular Level Computation
One of the major factors in device performance degrada-

tion is reactions on a surface or at an interface of materials.  
In order to elucidate the reactions, we developed a molecu-
lar simulation technology to analyze the changes in the mo-
lecular structure of materials due to reactions.  We applied 
this technology to the defect analysis for gate oxide fi lm in-
terfaces, which are responsible for the mobility reduction in 
SiC-MOSFETs.

Analyzing the formation of gate oxide fi lm by calculating 
the reaction between the SiC and process gas, we successfully 
reproduced the interface termination and defect structure ob-
tained by photoelectron spectroscopy.

With a detailed analysis, we identifi ed the defect struc-
ture that causes mobility degradation.  In the future, we will 
work to discover gas conditions to avoid defect generation so 
that we can improve the mobility of SiC-MOSFETs.  This 
technology is also widely applicable to other materials such 
as metals and resins.

Advanced Technology

3C-SiC

4H-SiC

Double Shockley 
stacking faults

Si
C

4H-SiC1 nm

Fig.13    Atomic level image of SiC stacking fault cross-section cap-
tured by scanning transmission electron microscope 

5  Structural Evaluation Technology for Stacking Faults on 4H-SiC Substrates
In order to improve the reliability of SiC-MOSFETs, 

carefully evaluation is needed for the structure of crystal de-
fects in SiC substrates to elucidate the mechanism that gen-
erates the defects.

Fuji Electric has developed an analysis technology for 
evaluating the structure of crystal defects in SiC substrates 
at the atomic level.  This analysis technology utilizes vari-
ous analysis methods, such as spherical aberration corrected 
scanning transmission electron microscopy (Cs corrected 
STEM) with a spatial resolution at the atomic level.

AS a SiC-MOSFET specimen, we used an SiC substrate 
with a 4H crystal structure.  Under certain manufacturing 
conditions, we have found that crystal defects, referred to as 
a double Shockley stacking fault containing a 3C structure, 
occur in SiC substrates.  These crystal defects affect electri-
cal characteristics.  We used these fi ndings to improve man-
ufacturing conditions so that we could improve the reliability 
of SiC-MOSFETs.
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