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Laser hardening part

Steam turbines are required to operate 
on a long-term basis while maintaining power 
generation efficiency.  In particular, turbine 
blades are very important components that de-
termine the level of power generation efficiency.  
However, they are susceptible to wear from ag-
ing due to collision with water drops contained 
in steam, and this results in degraded power 
generation efficiency.  Fuji Electric has devel-
oped an extra-deep laser-hardening reformu-
lation technology that uses lasers to extend 
the service life of turbine blades by increasing 
wear resistance. 

Lasers are suitable for hardening a tur-
bine blade that have complex shapes owing to 
its excellent controllability, but they are not ca-
pable of extra-deep hardening due to the heated 
top surface of the blades.  We thus developed 
an extra-deep laser-hardening reformulation 
technology that covers the entirety of the lead-
ing edge of the turbine blade by decreasing the 
temperature difference between the surface 
and interior of the turbine blade through ap-
plication of large spot laser.  By doing this, we 
have more than doubled the lifespan of the low-
pressure blades of turbines.

Extra-Deep Laser-Hardening Reformulation 
Technology for Turbine Blade

Fuji Electric has newly released an out-
door 555-kVA power conditioning sub-system 
(PCS) “PVI600BJ-3/555.”  This equipment does 
not require any air conditioning equipment or 
container and is capable of maximizing the ef-
ficiency of a system.  In addition to the well-
reputed outdoor 1,000-kVA series, the out-
door high-efficiency PCS series, at which Fuji 
Electric excels, has been expanded.

The main features are as follows:
(1) Output capacity:  555 kVA (500 kW possible 

with 90% power factor operation)
(2) Input voltage:  600 V DC (maximum power 

point tracking [MPPT] range:  320 to 550 V)
(3) Output voltage:  210 V AC, 3-phase 3-wire, 

50/60 Hz
(4) Equipment efficiency:  98.1% (maximum), 

97.8% (EURO efficiency)
(5) Various options:  Salt-tolerant model, cold 

weather model, fuses for a direct current 
branch, optical communication support, etc.

Outdoor 555-kVA Power Conditioning 
Sub-System “PVI600BJ-3/555”
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(a) Power management system

(b) 72-kV C-GIS (c) Transformer and rectifier

Fuji Electric has delivered electrical equip-
ment, a power management system and a power 
monitoring system in two substations and nine 
electrical rooms for Sendai city's subway Tozai 
Line, which started operation in December 2015.

The main features are as follows:
(1) The substations receive power at 66 kV (2 

lines) from Tohoku Electric Power Co, Inc. 
and convert it into 1,500 V DC to supply 
power for running trains and step it down 
to 6,600 V to supply power to the load for the 
station building’s power supply.  A power re-
generation inverter is used to maintain the 
regenerative brake force of train cars and to 
save energy.

(2) An electrical room is installed in each sta-
tion to supply power to the load for station 
lighting, automatic ticket gates and so on.  In 
consideration of a blackout, redundant power 
supply to load and an uninterruptible power 
system are provided to ensure safety and re-
liability.

(3) The power management system allows inte-
grated management of power systems to en-
sure trains can run stably.  The power moni-
toring system allows integrated management 
of station power equipment to maintain a 
comfortable space in station premises.

Electrical Equipment for Subway Tozai Line of Sendai 
City Transportation Bureau (Equipment for New Line)
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Electricity deregulation started in April 
2016, and power producer and suppliers are 
then made it obligatory to satisfy the planned-
value balancing rules.  In order to respond to 
these changes, we have developed a supply-
and-demand management system, and have 
launch of a cloud service jointly created with 
NTT DATA Corporation and Kyowa Exeo 
Corporation. 

The main features are as follows:
(1) Capable of demand forecasting for low- 

voltage consumers
(2) Capable of planning measures in consider-

ation of a balancing group plan for the de-
mand side and power generation side

(3) Enables trading in the electricity market
(4) Capable of incorporating consumer informa-

tion via connection with a customer infor-
mation system (CIS)
This system takes into consideration fu-

ture customer needs and offers services, while 
continuing to improve functionality.

Supply-and-Demand Management System 
Responding to Electricity Deregulation



FUJI ELECTRIC REVIEW vol.62 no.2 201684

In recent years, an increasing number 
of data centers have been built due to the ex-
pansion of services such as the cloud, video 
streaming and IT outsourcing.  As servers are 
designed to provide higher performance and to 
be high density, it has become an important 
challenge to reduce the air conditioning power 
consumption for cooling them.

In November 2015, Fuji Electric delivered 
an ultra-high efficiency data center for cold re-
gions to Aoimori Cloud Base Corporation in 
Rokkasho Village, Aomori Prefecture.  The 
idea is to collect snow and ice in winter, store 
them in a heat-insulated container, and send 
the cold heat of the melt water to the “F-COOL 
NEO” indirect outside air conditioning unit in 
the summertime.  This improves the efficiency 
of the data center and can reduce annual air-
conditioning power consumption by around 
60% compared with the conventional data cent-
ers using general-purpose air-conditioners.

Ultra-High Efficiency Data Center for 
Cold Regions
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Fuji Electric has released a boiler combus-
tion solution package that enables ultra-low 
excess air ratio combustion control  to reduce 
thermal loss in exhaust gas, resulting in sav-
ing on fuel costs by about 1%.  For example, 
it is effective to save fuel in the amount of 14 
million yen annually for a 50-t/h boiler using 
heavy fuel oil.

The main features are as follows:
(1) Our originally developed technology has 

achieved high-efficiency combustion in ultra- 
low excess air ratio.  The ultra-low excess 
air ratio combustion controls the oxygen 
concentration remaining in the exhaust gas 
to a value in the order of 0.8% in an actual 
boiler.

(2) By combining a laser CO analyzer that al-
lows real-time measurement and boiler 
combustion solution software, the CO con-
centration in the boiler exhaust gas can be 
reduced to a level within the environmental 
reference value.

(3) The boiler combustion solution package can 
be installed regardless of the manufacturer 
of the existing boiler control system.

Boiler Combustion Solution Package
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Effects of introduction
○Improved work efficiency and quality through voice input
○Visual work support provided by skilled engineers
○Centralized real-time management of track record data

Cloud-based service
○Work results entry and device 

operation control by voice
○Control of video communication 

and text transmission
○Monitoring and control of image 

input and transmission to/from 
user devices

○Control of captured video 
recording and data browsing

The wearable remote operation support 
package is a cloud-based service intended for 
enhancing the quality and effi ciency of fi eld-
work while supporting the handing-down and 
accumulation of technological know-how.  It 
provides instruction/support features to allow 
bi-directional connection of audio/video data 
between a glass type wearable unit worn by 
workers (in the fi eld) and a supporter base (at 
headquarters) as well as work support features 
to create pre-registered work procedures, to 
record work results and so on.

The main features are as follows:
(1) The use of a compact and lightweight unit 

and voice-based, hands-free operation offer 
a safe and effi cient work environment.

(2) The instruction/support from a skilled en-
gineers’ point of view ensures quality of 
work and contributes to the handing down 
of technologies.

(3) With the cloud-based unitary management, 
video/images of work instructions and work 
result records can be shared among in-
volved parties or used as evidence.

Wearable Remote Operation Support 
Package

Fuji Electric has developed a dustproof 
and waterproof compact inverter by taking ad-
vantage of low power dissipation, which is one 
of the features of silicon carbide (SiC) devices, 
and by enhancing environmental endurance.

With the degree of protection of IP65, this 
inverter does not need to be stored in a panel 
even in an environment with water splashes 
in which a food processing machine operates.  
This makes it possible to reduce the total cost 
thanks to saving on wiring and other factors.  
Since no external cooling fan is used, there is 
no need to worry about clogged fan fi lters even 
in a dusty environment such as a machine tool, 
and this eliminates the need for maintenance.  
In order to allow the inverter to be installed in 
a number of places near multiple motors in a 
production line, various functions are provided 
including functional safety, customized logic 
and open networks.  This is a high-performance 
compact inverter with a totally enclosed self-
cooled structure.

High-Performance Compact IP65-Rated 
Inverter
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Fuji Electric has developed a control pack-
age for a crane solution that can support auto-
matic operation and save on the labor required 
of STS cranes in today’s ports and harbors, and 
delivered it to a port outside Japan.

This control package consists of Fuji 
Electric’s “FRENIC-VG inverter,” “MVK motor,” 
and “MICREX-SX” (SPH3000) PLC, as well as 
a general-purpose sway-angle sensor manufac-
tured by another company.  In PLC software, 
we included the latest control theory to prevent 
a suspended load from swaying and twisting, 
and a track control theory to enable operation 
with the shortest travel time, achieving the 
highest level performance.  By improving the 
accuracy of sway prevention control, we have 
reduced the time needed for stopping the crane 
by 25% compared with our competitors’ prod-
ucts.  As for track control, we have reduced the 
time needed for the crane to travel to the target 
position by 20% compared with conventional 
products under the same benchmark condi-
tions.

Control Package for Crane Solution

The data center market has been continu-
ously expanding against the background of a 
rapid proliferation of cloud computing, and an 
urgent issue now is to reduce the rapidly in-
creasing amount of power consumption.

Fuji Electric has developed “F-DC POWER,” 
which is a high-effi ciency backup power supply 
for servers that consume much power in data 
centers.

By reducing the frequency of the power con-
version from 3 times for conventional products 
to once, we can improve the effi ciency by 8 per-
centage points compared with existing systems.  
Moreover, the peak assist function makes it 
possible to suppress input power peak.  Fuji 
Electric’s silicon carbide (SiC) power semicon-
ductors have been used as the power conversion 
device of the server power supply.  These inge-
nuities will contribute to signifi cant savings of 
energy and running cost in data centers.

High-Effi ciency Backup Power Supply 
for Servers “F-DC POWER” 
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(a) Traction converter

(b) SiC power module

Fuji Electric and Central Japan Railway 
Company have jointly developed a traction con-
verter that uses a silicon carbide (SiC) power  
module intended for the Tokaido Shinkansen 
trains.  The product was mounted on Series 
N700 trains of the Tokaido Shinkansen and is 
currently undergoing a running test.  This is 
the first running test in the world of a drive 
system of a high-speed railway in which SiC 
power semiconductor modules are employed.

The main features are as follows:
(1) It is equipped with SiC power modules for 

electrical rolling stock developed by Fuji 
Electric, rated voltage of 3,300 V and rated 
current of 1,200 A.

(2) The cooling mechanism of the traction con-
verter can be simplified due to the low heat 
generation of SiC power modules.  This al-
lows for the creation of more compact and 
lightweight drive systems including trac-
tion converters.

Traction Converter with SiC Power 
Modules for Tokaido Shinkansen Trains

For power converters that use insulated-
gate bipolar transistor (IGBT) modules, there 
have been strong demands recently for down-
sizing, power dissipation reduction and high 
reliability.  In order to meet these demands, 
7th-generation “X Series” IGBT modules have 
been developed.  They have realized a further 
size reduction, reduced power dissipation and 
improved reliability of modules.  This has been 
brought about by significantly reducing the 
power dissipation of IGBT and free wheeling 
diode (FWD) chips and developing a high-heat-
dissipation, high-thermal-resistance and high-
reliability package.  In addition, the maximum 
temperature guaranteed in continuous opera-
tion has been increased from the conventional 
150°C to 175°C by improving the characteris-
tics and capability during high-temperature 
operation.

This has allowed for a significant increase 
in the output current, which contributes to a 
further size reduction and greater power den-
sity of power converters.

7th-Generation “X Series” IGBT mod-
ule
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In order to meet the demand for small size 
and energy saving of power electronics devices, 
Fuji Electric has been developing silicon car-
bide (SiC) trench MOSFETs that can reduce 
power dissipation.  SiC may have different mo-
bility (on-resistance) and avalanche breakdown 
(breakdown voltage) characteristics depending 
on the crystallographic orientation, and it was 
difficult to predict these characteristics by sim-
ulation.

We have introduced a Coulomb scattering 
model compatible with the trench face orienta-
tion, applied the Hatakeyama model that takes 
lateral electric field into account and optimized 
parameters for matching with the actual meas-
urements.  As a result, both the on-resistance 
and breakdown voltage have agreed well with 
the actual measurements, showing that we 
have successfully built a high-precision simu-
lation model.

This work has been implemented un-
der a joint research project of Tsukuba Power 
Electronics Constellations (TPEC).

Prediction of 1.2-kV SiC Trench 
MOSFET Characteristics

We have developed a digital signage vend-
ing machine for AEON DELIGHT Co., Ltd.  
This unit comes with a 46-inch LCD screen and 
touch panel, which displays advertisements 
and product images.  Users can purchase prod-
ucts by touching the product images.  The unit 
is capable of distributing content (advertise-
ments, product images, etc.) during usage via 
the Internet connection with a server, as well 
as performing maintenance operations.

The main features are as follows:
(1) It comes equipped with a control unit for 

optimizing the specifications for the sig-
nage, and since control can be carried out 
on the LCD screen and touch panel, a sepa-
rate personal computer for control is not re-
quired.

(2) Signal processing that only recognizes a fin-
ger image captured by infrared cameras in-
stalled in the four corners of the LCD screen 
enables users to choose their products with-
out being affected by sunlight, rain, dust or 
other disturbances.

Digital Signage Vending Machine for 
AEON DELIGHT Co., Ltd.
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