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Central Japan Railway Company plans to 
manufacture the new next-generation N700S 
Series Shinkansen train and enter the serv-
ice in July 2020.  Fuji Electric completed the 
performance evaluation of the equipment us-
ing verifi cation test trains and delivered the 
main circuit electrical equipment (main power 
converters, traction motors and main trans-
formers) and newly adopted full-active damper 
drive system (inverters, small motors) for use 
in the commercial railcar.

The main features are as follows:
(1) The railcar uses Fuji Electric’s SiC devices 

for the main power converters, six-pole trac-
tion motors, and revised cooling system for 
the main transformers, helping the entire 
drive system reduce the weight by approxi-
mately 20%.

(2) A full-active damper drive system supplies 
oil pressure to the dumper by driving the 
oil pressure pump of the vibration control 
system using a small motor.  The damper 
drive system balances the lateral vibration 
of the railcar and realizes comfortable ride.

Electrical Equipment for the N700S Series Shinkansen 
Trains Operated by Central Japan Railway Company

Fuji Electric has developed automotive re-
verse-conducting IGBT (RC-IGBT) chips that 
meet the needs of compact, high power density 
automotive modules.

RC-IGBT is a semiconductor device that 
integrates an IGBT and FWD on a single 
chip. It not only reduces the number of chips 
in the module, but also has the advantage of 
reducing the chip area and thermal resist-
ance. Therefore, adopting RC-IGBTs can re-
duces the size and weight of the modules. We 
optimized the structure of the chip to reduce 
loss and thermal resistance. This means that 
modules equipped with these automotive RC-
IGBTs achieve a 15% increase in power density 
compared with previous products, while also 
achieving an industry-leading power capacity 
rating of 750 V/1,200 A and a power density of 
700 kVA / L.

Automotive RC-IGBT Chip for 
Automotive Modules 
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In recent years, data centers have increas-
ingly required certifi cation by a consulting 
company to oversee test operation methods. 
UPSs have been required to perform run-
ning at 100% load for 8 hours, and 30-minute 
overload tests on-site, and have traditionally 
leased a dummy load to perform the tests. The 
“UPS7000HX-T4F” can streamline on-site 
testing and reduce costs by adding a regenera-
tive function to the UPS.

The key features are as follows:
(1) The test can be completed between the 

UPSs connected in parallel, eliminating 
the need for a dummy load and temporary 
cables.

(2) The power consumption during the test is 
reduced to only the UPS power loss, which 
is approximately 90% less than before, be-
cause the power that is released as thermal 
energy in a dummy load is no longer needed.

“UPS7000HX-T4F” with Regeneration 
Capability 

The occurrence of large-scale power out-
ages in Japan has emphasized the importance 
of having a stable power supply and resilient 
power systems. Electric power utilities and re-
search institutes require tools for power sys-
tems, including distributed power sources, to 
verify future concepts, predict cases of failure, 
ascertain instability phenomena, and verify 
countermeasures.

Fuji Electric has developed the “A1” power 
system simulator entry model to simulate a 
transmission system consisting of power sta-
tions and transmission lines with a miniature 
model. It can simulate what happens in the 
system in real time and quickly analyze the 
basic characteristics of the transmission sys-
tem, such as voltage characteristics, frequency 
characteristics and stability. It can also be ex-
tended and utilized in the analysis of the im-
pact of distributed power sources on the system 
and the verifi cation of measures through sys-
tem protection and control. In addition, we plan 
to develop a simulator for distribution systems.

“A1” Power System Simulator Entry 
Model 
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In order to improve the maintainability 
and reliability of the 77-kV housing-type sub-
station built in the 1970 s, we completely re-
newed the 77-kV equipment, including the gas 
insulated switchgear (GIS) as the main equip-
ment, transformers, and monitoring panels.

The main features are as follows:
(1) By utilizing an outdoor GIS (for 21 lines), 

the installation space is reduced to approxi-
mately 30% that of the existing cubicle.  
The local control cubicle of the GIS was con-
stantly filled with dry air to maintain a pos-
itive pressure in the panel to prevent salt 
damage, dew condensation formation and 
dust infiltration due to the outdoor environ-
ment.

(2) The transformer utilizes a vacuum valve on-
load tap changer that eliminates the need 
for a live-line oil purifier, thus reducing 
maintenance and extending the service life 
of the transformer.

(3) The system uses a digital busbar protec-
tion device to provide advanced protection 
and can be flexibly adapted to existing lines 
with different current transformation ratios 
simply by changing the software.

Renewal of the 77-kV Substation at the 
Kakogawa Works of Kobe Steel, Ltd.

(a) Odakyu 5000 Series railcar and door drive system

(b) Tsukuba Express TX-3000 Series railcar and door drive system

Fuji Electric has delivered a highly reli-
able door drive system designed for Odakyu 
Electric Railway’s 5000 Series and Metropolitan 
Intercity Railway Company’s Tsukuba Express 
TX-3000 Series of new railcar.  Both series of 
railcar started commercial operations in March 
2020.

The main features of the system are as fol-
lows:
(1) By using a door drive system platform, it 

has become possible to maintain a high level 
of industry-proven reliability while easily 
changing open-close times and operation be-
havior after detecting obstructions between 
the biparting doors.

(2) By equipping the door drive system with the 
following compatibility features shared with 
conventional railcar pneumatic door drive 
systems and the electric door drive systems 
of other companies, the system contributes to 
reducing the work burdens of the train crew 
and maintenance personnel:
(a) The location of the emergency release 

handle and the operating direction
(b) Conventional on-vehicle communica-

tions systems

Door Drive System for Odakyu Electric 
Railway Co., Ltd. and the Tsukuba Express of 
Metropolitan Intercity Railway Company
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Fuji Electric contributes to the develop-
ment of the manufacturing industry by devel-
oping numerous variable-speed controllers that 
meet the diverse demands of users, including 
the need for faster manufacturing processes, 
higher quality products and more stable opera-
tions. In recent years, amidst the advance of 
international standardization, we have devel-
oped the “FRENIC4000VM6” low-voltage in-
verter for industrial use that complies with the 
new Japanese Industrial Standards that adopt 
a conformity assessment system based on in-
ternational standards.

It is compatible with our previous 
“FRENIC4000VM5R” model in terms of di-
mensions and interfaces. Up to 12 inverters 
can be installed per panel, which not only saves 
space, but also allows for the renewal of each 
individual unit. In addition, while maintaining 
the functions of the previous model, the new 
model comes with enhanced protection and op-
eration monitoring functions, thereby further 
reducing maintenance work for the user.

“FRENIC4000VM6” Low-Voltage 
Inverter for Industrial Use

Deliveries of the “FRENIC4600FM6e”  
medium-voltage variable frequency drives 
(VFDs) are increasing in China and other 
parts of Asia as Fuji Electric continues to ex-
pand the product line of the Series. Against 
this backdrop, we have developed an ultra-high 
capacity model using VFD parallel control to 
meet the needs of soft starters for large-scale 
irrigation plants.

The main features are as follows:
(1) Voltage, capacity: 11 kV, 35 MVA (two VFDs 

in parallel)
(2) We have established a parallel control 

technology that synchronizes the timing 
of PWM switching within 3 μs using high-
speed optical communications and have re-
duced the size of the reactor that couples the 
output part of each VFD.

(3) Synchronizing with the system’s power sup-
ply phase has also been stabilized with re-
spect to the sensorless control used in syn-
chronous motor driving, enabling the VFD 
to achieve short-time synchronous input.

(4) Manual synchronous input is possible, tak-
ing into consideration synchronization fail-
ures and mechanical adjustments due to 
commissionings.

35-MVA Ultra-High Capacity Soft 
Starter for Irrigation Plant in India
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So far, Fuji Electric has offered 1,000-V 
DC and 1,000-kW power conditioning systems 
(PCSs) for photovoltaic power generation in 
Japan. On the other hand, current photovoltaic 
systems in Southeast Asia and elsewhere tend 
to reduce the number of installed PCSs by us-
ing high voltage photovoltaic panels and high 
voltage, high capacity PCSs, reducing costs. 
To meet these needs, Fuji Electric has devel-
oped the “PVI1500CJ-3 /2500” PCS for photo-
voltaic power systems outside Japan. It accepts 
a higher voltage of 1,500 V DC and has a high 
capacity of 2,500 kW. Equipped with an out-
door panel structure that complies with IP55 
dust and water resistance standards, the unit 
structure of the main circuit reduces the size 
of the system, enabling it to achieve the world's 
smallest installation area.

In addition to third-party certifi cation 
based on IEC standards, we also plan to acquire 
grid-connection standards in Thailand and the 
Philippines (Thailand: PEA Interconnection 
Code; Philippines: Philippine Grid Code) to ex-
pand the deployment of the system, especially 
in Southeast Asia.

1,500-V DC Power Conditioning-System for 
Large-Scale Photovoltaic Power Generation
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Fuji Electric has developed the 7th-
generation “X Series”  IGBT-IPM (X Series 
IPM) to meet the market’s demand for power 
converters with small size, low power dissi-
pation and high performance. Power dissipa-
tion is lower for the X Series IPMs than  the 
“V Series” IPMs by approximately 10%  on ac-
count of their 7th-generation chip technology 
and control circuit technology. In addition, 7th-
generation packaging technology and control 
circuit improvements expand the upper limit 
of the junction temperature during continu-
ous operation from 125°C to 150°C, enabling 
an increase in output current by approximately 
30%. The X Series IPM is also the fi rst in the 
industry to feature a temperature warning 
function that outputs an external alarm signal 
when the IGBT junction temperature reaches 
150°C or higher. This function allows the power 
converter to reduce the output so that the IPM 
continues to operate, thereby helping it avoid 
decreases in machine tool productivity due to 
sudden power converter stoppages or elevating 
machinery stoppages.

“X Series” 7th-Generation IGBT-IPMs
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Fuji Electric undertook an engineering, 
procurement and construction (EPC) contract 
to provide the Moka Power Plant operated by 
Kobelco Power Moka Inc. with gas turbine com-
bined cycle (GTCC) power plant (two 600 MW 
class). Commercial operation was started for 
Unit-1 in October 2019 and Unit-2 in March 
2020.

This is the first large-scale inland gas-
fired power plant in Japan. There is no tsu-
nami risk and it plays a significant role as a 
large-scale power source in a decentralized 
location. It was selected as a case study for a 
power plant that contributes to the resilience 
of Japan’s land and energy infrastructure by 
the Cabinet Secretariat and the Ministry of 
Economy, Trade and Industry. Unlike conven-
tional coastal power plants, this power plant is 
also equipped with large air-cooled condensers. 
It is a high-efficiency power generation system 
that uses the most advanced gas turbines com-
bined with Fuji Electric’s steam turbines and 
power generators.

Start of Commercial Operation of Unit-1 
and Unit-2 at the Moka Power Plant

In recent years, power converters with 
high carrier frequencies are increasing to fa-
cilitate small size and high efficiency of power 
electronics equipment. Likewise, there has 
been increased demand for power conversion 
modules suitable for high-speed switching op-
erations.

To meet these market needs, Fuji Electric 
has developed the “VW Series” IGBTs based on 
the 6th-generation “V Series” IGBT technol-
ogy to provide high-speed switching  and high 
short-circuit resistance (equivalent to the V 
Series IGBTs). High-speed SiC hybrid modules, 
integrating the VW Series IGBTs with SiC-
SBDs, allow for even higher carrier frequency 
operation due to the reduction of turn-off and 
turn-on losses.

High-Speed SiC Hybrid Modules
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Fuji Electric undertook an engineering, 
procurement and construction (EPC) contract 
for the Suzuran Kushiro-cho Solar Power 
Plant, which came online in February 2020. 
This power plant has an AC-interconnected 
rating of 59.4 MW and is one of the largest so-
lar power plants with storage battery in Japan. 
Approximately 300,000 solar modules (panel 
capacity of 92.2 MW DC) have been installed 
on around 163 ha of land in Kushiro-cho, 
Kushiro-gun, Hokkaido. In order to meet the 
output fluctuation regulations (1% per minute) 
required by Hokkaido Electric Power Co., Inc., 
25-MWh lithium-ion batteries are co-located 
with Fuji Electric’s power fluctuation mitiga-
tion system.

Planned regular maintenance will be 
carried out to ensure that power selling busi-
nesses can continue to use this system for the 
next 20 years.

Start of Operation of Japan’s Largest 
Mega Solar System with Storage Battery

The Muara Laboh geothermal power plant 
(generating capacity: 85.26 MW) at Sumatra, 
Indonesia began commercial operation in 
December 2019. Fuji Electric was responsible 
for the engineering of the entire plant and pro-
curement of the main equipment in this project. 
The products we delivered included steam tur-
bines and generators, electric motors and con-
trol panels (TGR).

The geographical conditions of the power 
plant are extremely harsh, as it is located in 
the mountains at an altitude of about 1,400 m, 
approximately 150 km from the nearest port 
on a mountain road. We worked in cooperation 
with Rekayasa Industri (REKIND), a local en-
gineering company, to successfully complete 
on-site work, which included transportation, 
installation guidance and commissioning.

The geothermal turbines are highly re-
garded by both private and state-owned power 
producers in Indonesia, enjoying a market 
share of approximately 50% in the country.

Start of Commercial Operations of Muara 
Laboh Geothermal Power Plant in Indonesia

Courtesy of PT.SEML
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Fuji Electric has developed a numerical 
method for estimating the behavior of droplets 
and liquid films that impact the performance 
of products, such as droplets hitting the mov-
ing blades in the low pressure stage of a steam 
turbine, as well as droplets hitting the wall of a 
ship’s scrubber and forming a liquid film.

We derived the appropriate combination 
of analytical methods, such as the Lagrangian 
multiphase flow and liquid film models, and 
calculation conditions by verifying experiment 
results. After this, by taking into consideration 
the formation and refinement of the liquid films 
caused by the droplets hitting the wall and the 
re-scattering of the droplets from the liquid 
films, we were able to evaluate the arrival posi-
tion of the droplets, the amount of liquid out-
flow and the pressure loss of the background 
gas.

This technology can be applied to enhance 
the efficiency of steam turbines by improving 
the structure of the drain catcher. In addition, 
this enabled us to achieve an extremely com-
pact design for the scrubber, while also improv-
ing its droplet removal performance.

Technology for Estimating the Behavior of 
Droplets and Liquid Films Using Fluid Simulation

Fuji Electric has developed an automatic 
tea server that uses in-cup mixing. This tea 
server can provide thickened beverages that 
can help elderly people and others who have 
difficulty in swallowing prevent accidental 
swallowing. It provides stable preparation 
of thickened beverages and at the same time 
saves space. Furthermore, it helps to lighten 
the workload of medical and nursing care fa-
cility personnel, enabling all people to enjoy 
drinks with peace of mind at any time.

The main features are as follows:
(1) In addition to non-thickened drinks, it pro-

vides three levels of consistency to accom-
modate the user’s ability to swallow.

(2) It is the first automatic tea server equipped 
with an in-cup mixing mechanism that ena-
bles the preparation of high-viscosity thick-
ened beverages.

(3) For safety and security, it comes with a lock 
mechanism for the dispensing door and a 
cup mechanism for automatically feeding 
paper cups.

Automatic Tea Server for Thickened 
Beverages Using In-Cup Mixing



FUJI ELECTRIC REVIEW vol.66 no.2 2020104

Pipe axis

Working fluid

Air outlet

Air inlet

Air outlet

Air inlet

(a) High-efficiency fin (b) Irregular pitch fin-tube group arrangement

Fuji Electric has developed a new type of 
low-power consumption, high-effi ciency air-
cooled condenser in order to reduce the size 
and increase the net power output of geother-
mal binary power plant that drive the turbine 
by evaporating low-boiling point working fl uid 
with geothermal energy (steam and hot water). 

We evaluated and verifi ed the performance 
of the condenser of a newly developed fi n shape 
and fi n-tube group arrangement with a com-
pact performance test equipment.  This newly 
developed air-cooled condenser enables both a 
reduction in the site area and an increase in 
net power output. 

The main features are as follows:
(1) Improves heat exchange performance by 

34% compared with conventional fl at fi ns 
by utilizing a uniquely developed high-
effi ciency fi n that is inclined in the pipe ax-
ial direction from the base of the fi n to the 
tip.

(2) Reduces the power consumption of the fan 
by 17% by using an irregular pitch for the 
fi n-tube group arrangement compared with 
the conventional regular pitch.

High-Effi ciency Air-Cooled Condenser
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