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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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Fig.7  “XCS-3000 Type E” high-speed controllers for electrical 
machinery control

Fig.8  Exhaust gas cleaning system for marine vessels (SOx 
removal cyclone scrubber)
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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.
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