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Preface

Development of Real-Time Monitoring

Using Soft Sensors

FUNATSU, Kimito"

The processes of chemical plants and various other
production systems must be continuously monitored and
controlled in order to assure their proper functioning.
This operation requires accurate, low-cost measurement
of process variables, such as temperature, pressure, and
flow rate. Although measurements like temperature,
pressure and flow rate can be obtained at low cost and
in real time, data on the physical properties and concen-
trations of chemical products can only be obtained after
a costly and time consuming chemical analysis. Real
time monitoring of such physical properties and concen-
trations is usually required to control the processes rap-
idly, which, however, is difficult to be achieved with the
conventional approaches. Against this background, soft
sensors have been developed to estimate physical prop-
erties and concentrations, which are difficult to mea-
sure in real time, using process variables that are easy
to measure in real time, such as temperature, pressure,
and flow rate. Currently, soft sensors are used not only
in chemical plants but also for quality control in vari-
ous product manufacturing processes. A soft sensor,
also explained in detail in this special issue, consists
of a statistical model y =f(x), which formulates the re-
lationship between the process variables (x) that are
easy to measure in real time and the process variable
(y) that is difficult to measure in real time. With its
application, soft sensors are expected to have both eco-
nomic and environmental effects: reducing the number
of chemical analyses; speeding up control; and, conse-
quentially, reducing waste through the improved qual-
ity control of products.

To lead this coming era of soft sensors, the 143rd
Committee of the Japan Society for the Promotion of
Science and Process Systems Engineering established
the workshop No. 32 “Soft Sensor Implementation”
(chaired by Kimito Funatsu) in October 2016. In March
2020, the Committee oversaw the successful completion
of tools to develop more accurate soft sensors for target-
ed processes easily and quickly and to deploy and use
the soft sensors on-site. After that, to spread the use of
this soft sensor tool and lay the foundation for its contin-

* Director, Data Science Center, Nara Institute of Science
and Technology
Specially Appointed Professor
Professor Emeritus, University of Tokyo

uous maintenance, Fuji Electric, a member of the work-
shop, has started a service for supporting utilization of
the tools and is preparing to offer them as products.

Soft sensors now serve as indispensable tools for
real time monitoring and control of manufacturing pro-
cesses, including semiconductor processes, small and
large scale chemical processes, and continuous pharma-
ceutical processes. They have been also being introduced
to monitor the internal state of combustion equipment
and heat exchangers. As input process variables for
soft sensors, in addition to the process variables mea-
sured by conventional hard sensors (e.g. temperature,
pressure, and flow rate), near-infrared (NIR) spectros-
copy and other spectral data have begun to be actively
utilized as input variables to directly measure target
chemical properties in the processes mentioned above,
and its use is becoming widespread. Soft sensors using
spectral data will also soon be used routinely for real-
time monitoring and process control of raw materials
and main- and by-products in flow reactors. It is impor-
tant to note that using expensive spectral instruments
for the inputs will hinder the widespread use of soft
sensors. Fortunately, inexpensive and compact spectral
instruments are now beginning to appear in the market.

Various efforts have been launched under the key-
word of process informatics, whose fundamental roles
are to know the present and to predict the future of
the target processes. In this sense, soft sensor is a key-
word inherently connected with process informatics.
Innovative soft sensors beyond conventional concepts
are expected to be developed to meet the distinctive
features of individual target processes that need to
be monitored and controlled. Soft sensors are mostly
used for monitoring current process in real time, but
they are also being increasingly used to predict process
conditions in the near future. They are an important
tool not only for the monitoring and controlling chemi-
cal plants, but also for the automatic optimization of
high-yields, by-product-free reaction conditions through
Bayesian optimization, and for design, development,
and automatic operation of flow reactors, which stably
produce target products. The time is just around the
corner when soft sensors are commonly implemented
in small to large scale manufacturing equipment as a
new technology for continuous manufacturing of vari-
ous products.
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Instrumentation, Control, and
Information Systems Contributing to Automation and
Energy Saving: Current Status and Future Outlook

TETSUTANI, Hiroshi®* MATSUMOTO, Yasushi*

1. Introduction

In recent years, the environment around indus-
try and daily life has changed significantly due to
the increasing demand for environmental measures
related to decarbonization and labor shortages. For
this reason, further capital investment in decarbon-
ization, automation and digital transformation (DX)
are sought on a global scale. In the fields of factory
automation equipment and systems, demand for

components has remained uncertain due to the im-
pact of the spread of COVID-19 and difficulties in
the procurement of semiconductors and other parts
around the world. However, market conditions in
Southeast Asia and India are expected to continue
to recover from the COVID-19 pandemic. In the
plant control systems field, the steel and chemical
sectors are expected to see demand for upgrades to
improve productivity, as well as strategic invest-
ments for higher functionality, electrification and
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Fig.1 Overview of power electronics equipment and instrumentation, control and information systems of Fuiji Electric, and their

applications

* Power Electronics Industry Business Group, Fuji
Electric Co., Ltd.
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carbon neutrality.

Through innovation in energy and environment
technology, Fuji Electric has created competitive
components that contribute to the achievement of a
responsible and sustainable society as it continues
to further enhance systems and expand its systems
business. Figure 1 shows an overview of the power
electronics equipment and instrumentation, control
and information systems of Fuji Electric, as well as
their applications.

This paper describes Fuji Electric’s new ap-
proaches and outlook for measuring instruments,
control equipment, and systems that contribute to
its efforts in automation and energy saving, as well
as the engineering and services thereof.

2. Plant Monitoring and Control Systems

2.1 Market trend of plant monitoring and control
systems

Plant monitoring and control systems have con-
tributed to the visualization, automation and stable
operations of production equipment and processes,
thereby streamlining production and operations at
production sites.

The market for these systems is growing mainly
in regions where populations are growing, such as
China and India. On the other hand, business in
Japan has been centered on system updates and the
extension of service life, and the market has been
saturated. However, investment in plant monitor-
ing and control systems has begun to increase as a
new need for equipment modifications for DX and
carbon neutrality rises.

Plant monitoring and control systems that
were previously closed both in Japan and overseas
are now generally connected to external networks.
Accordingly, security measures and wide-area data
linkage have become critical functions alongside
monitoring and control functions.

2.2 Fuiji Electric’s approaches
(1) Monitoring and control systems

Fuji Electric supplies optimal monitoring and
control systems and solutions according to the pro-
cess automation field and the scale of the plant.
Figure 2 shows the lineup of monitoring and control
systems.

Covering all plant equipment, these monitoring
and control systems constantly collect on-site infor-
mation such as pressure, flow rate and temperature
using measuring instruments in order to perform
monitoring and control and ensure an optimal au-
tomatic operation according to the situation. Fuji
Electric offers the “MICREX-VieW XX (double X)”
as a core plant monitoring and control system (see
right center in Fig. 1). This system is a monitoring
and control system excellent in high reliability and

MICREX-NX

Water and sewerage,
cement, drugs,
chemicals, food

MICREX-VieW
PARTNER

Plant operation
monitoring,
energy monitoring,
facility monitoring

MICREX-VieW XX

Steel, cement, waste
treatment, boilers

MICREX-VieW FOCUS

Number of monitoring and
control systems ar

Chemicals, food, pharmaceuti-
cals, oil refineries, city gas,
natural gas, waste treatment,
steel, airport facilities

Fig.2 Lineup of monitoring and control systems

maintainability that enables continuous operation
of a plant and is suitable mainly for monitoring and
control of iron and steel, cement, and waste treat-
ment plants.

The “MICREX-NX” has high affinity with in-
formation-system and is suitable for application to
large-scale plants with large number of monitoring
points, such as water-treatment plants with large
treatment volumes.

The “MICREX-VieW PARTNER” makes it pos-
sible to visualize the site without choosing equip-
ment or scale, and it is suitable for application to
energy-monitoring and equipment monitoring. The
“MICREX-VieW FOCUS” is an open supervisory
and control system with its human machine inter-
face (HMI) introducing supervisory control and data
acquisition (SCADA) for general purpose rather
than system specific and is suitable for applica-
tions in chemical, food and pharmaceutical, and
gas fields. This time, the product category has been
expanded with the addition of the user-friendly
“MICREX-VieW FOCUS Evolution” to the lineup.
This monitoring and control system is easy to learn
how to use, enabling customers to perform engineer-
ing work and engineers outside of Japan to complete
the construction of their system at their worksites.
This system integrates various programming tools
and is equipped with an engineering environment
in which application software can be easily and ef-
ficiently created by drag-and-drop operations on
PC screen. It also has a function to easily custom-
ize the operation screen according to the customer’s
requirements. In the future, we will continue to
increase its value and expand its applications to
other industries and the outside of Japan. (Refer to
“Engineering Support Tool That Reduces Lead Time
and Improves Quality, Accelerating DX” on page
21.)

Figure 3 shows an example of a system con-
figuration for the MICREX-VieW XX, which is an
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Fig.3 Example system configuration for the “MICREX-VieW XX”

example of a basic monitoring and control system.
The engineering station is a tool environment for
engineering of the operator station, which is respon-
sible for the controllers and HMI. At the operator
station, monitoring operations are performed by
plant operators, and automatic control is performed
by collecting and outputting the data necessary for
plant operation via the control station, as well as
the remote I/0 and field devices. This monitoring
and control system enables the combination of a va-
riety of solution content, which can be shared with
other monitoring and control systems.

For overseas product deployment, the focus is on
expanding the overseas systems business by offer-
ing and standardizing primarily small-scale systems
such as environmental monitors, water treatment
systems and small boilers in South East Asia and
India.

In the field of plant control systems, monitor-

ing and control systems act as a platform for plant
monitoring, and the issue of how data collected in
such operations is handled is becoming increasingly
important. In fact, sophisticated prediction tech-
nology that utilizes numerical models is being ap-
plied at worksites by combining collected data and
artificial intelligence (AI) technology. As one such
approach, Fuji Electric is working on the on-site
application of soft sensors that calculate and esti-
mate current values of important quality data, such
as component concentrations of products regularly
sampled on site, by using quality values that have
already been collected. We are also expanding func-
tions to support plant operations, such as a function
to import large amounts of plant monitoring data
in a fixed cycle to reproduce past plant conditions
on the screen. (Refer to “Soft Sensor-Systems for
Optimizing Plant Operation” on page 16.) Going for-
ward, Fuji Electric will continue to advance efforts

(a) Differential and gauge
pressure transmitters

(b) Flowmeters

(c) Analyzers

Fig.4 Fuji Electric’s differential and gauge pressure transmitters, flowmeters and analyzers
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in the collection and utilization of data.
(2) Supporting systems with measuring instru-
ments

Fuji Electric contributes to environmental pro-
tection and energy saving with a lineup that in-
cludes various gas analyzers that support environ-
mental measurement work, including air pollution
measurement; flowmeters that support energy sav-
ing by measuring fluids such as saturated steam,
liquid and air; and the “FCX Series” of differential
and gauge pressure transmitters used in various
fields around the world. Figure 4 shows various dif-
ferential pressure and pressure transmitters, flow-
meters and analyzers made by Fuji Electric.

Since its launch in 1989, over one million units
of FCX Series product category have been sold
worldwide. To further improve performance and re-
spond to requests for new functions including mea-
sures for functional safety, Fuji Electric has devel-
oped the “FCX-AIV Series.” (Refer to “Differential
and Gauge Pressure Transmitters That Sophisticate
Plant Monitoring and Control Systems” on page 36.)

3. Factory Automation Systems

3.1 Market trend of factory automation systems

In the market for factory automation systems,
there is also a growing need for solutions that con-
tribute to DX to enable customers to create new
value by implementing the internet of things (IoT)
primarily for digitization purposes. While each
manufacturer engages in solutions in the specialty

domain of systems, customers are seeking solutions
that integrate multiple areas. Fuji Electric aims
at upgrading of manufacturing, quality, inventory,
maintenance, and energy control of customers by
digital solutions that are hierarchical in manufac-
turing execution and production management (L3),
monitoring control and monitoring (L.2), and equip-
ment and control (1), based on hierarchical sys-
tem model advocated by the International Society
of Automation (ISA) in its standard ISA-95. Figure
5 shows an overview of DX for factory systems.
Section 3.2 describes the manufacturing execution
system in L3, as well as the motion control system
and electric vehicle (EV) drive component perfor-
mance test system in L1.

3.2 Fuji Electric’s approaches
(1) Manufacturing execution system

Manufacturing execution systems (MES) are
generally systems that seamlessly link core busi-
ness systems such as enterprise resource planning
(ERP) systems with on-site control systems to issue
process-specific manufacturing instructions based
on a manufacturing plan and collect manufacturing
results data.

In addition to providing the basic functions
above, Fuji Electric’'s MES is based on a concept
that ensures quality traceability and supports im-
provement feedback through sophisticated analyses
of manufacturing results.

As its latest approach, Fuji Electric has cre-
ated a new MES concept to begin the development
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Fig.5 Overview of DX for factory systems
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of an MES package with a new architecture. With
a structure that is compliant with the OPC UA*!
standard data model, we aim to achieve an environ-
ment that responds to various changes in the future
in a sustainable manner and analyzes various data
(events, trends, text, images, voice, etc.) with the
same usability.

Moreover, Fuji Electric is promoting the pro-
posal of its “Global Smart Factory” concept for cus-
tomer needs such as upgrading of plant environ-
ment, realization of digital twin environment, stan-
dardization from global viewpoint, and realization of
carbon neutral. This proposal integrates packaged
products, such as manufacturing, maintenance, fa-
cilities, and energy-information integrated data-
bases at manufacturing bases, and MES, energy
management systems (EMS), maintenance systems
and facility monitoring systems using Al and analy-
sis technologies as core technologies. Figure 6 shows
the packages of the global smart factory.

On the other hand, as for the engineering
function of MES, it has conventionally been de-
fined specially for the function implemented, and
it is efficient but difficult to change the function
or use it in other applications. The new system
adopts the information model that is the concep-
tion of OPC UA and can systematically manage
required information, making it easier to change
functions and utilize it in many applications by

constructing digital twin as an information model
that abstracts the manufacturing site. (Refer to
“Manufacturing Execution Systems Encouraging
DX on the Manufacturing Floor” on page 26.)

(2) Motion control system

A motion control system is a system that per-
forms motion control such as precise positioning,
speed control, and torque control for industrial
machines and devices such as industrial robots.
Motion control systems generally consist of an ac-
tuator such as servo motors, motion controllers, pro-
grammable operator interfaces, control software and
so forth.

In these purposes, there are demands for cop-
ing with complicated operations and machining,
shortening of process time, and higher precision,
and performance that can be synchronously con-
trolled at a higher speed control period is required
with more control axes. Furthermore, in response
to the increasing proliferation of EtherCAT*? as an
open network that allows users to select the opti-
mal components from multiple manufacturers, Fuji
Electric developed the “SPH5000EC,” an EtherCAT-
compatible controller. Figure 7 shows an EtherCAT
system configuration.

This controller uses a “multi-core platform” that
uses a processor with two cores, allowing it to si-
multaneously execute application software for two
conventional programmable logic controllers (PLCs).
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Fig.6 Global smart factory packages
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Fig.7 EtherCAT system configuration

Additionally, by simultaneously executing sequence
control and motion control in parallel, it can achieve
four times the motion control performance of pre-
vious models. It can also support large-scale sys-
tems through the synchronous control of multiple
EtherCAT systems. (Refer to “Motion Controller
Contributing to Automation of Factory Equipment”
on page 31.)
(3) EV drive component performance test system
Since the control of EVs is more complicated
than that of gasoline vehicles, the labor hours re-
quired for development and testing by completed
vehicle manufacturers tend to be higher than those
required for conventional gasoline vehicles. For this
reason, there is demand for test systems that con-
tribute to the improvement of test efficiency. Fuji
Electric’s EV drive component performance test sys-
tem consists of an EV drive component performance
testing equipment, a thermostatic chamber and a
temperature control equipment. Figure 8 shows the
EV drive component performance test system. The
system can evaluate the performance of high-speed
motor-based drive components across the entire
temperature range, from low to high temperatures,
while maintaining environmental factors with high

Cooling
unit

Temperature

control equipment

Thermostatic
chamber

EV* drive component performance
testing equipment (main body)

*EV: Electric vehicle

Fig.8 EV drive component performance test system

accuracy.

There are worries about the trouble with the
testing equipment for high-speed rotation motors
caused by the vibrations accompanied with its
high-speed rotation, and it is required to reduce the
complication of the maintenance for the trouble pre-
vention as well as the troubleshooting. The newly
developed EV drive component performance testing
equipment is designed to be highly reliable as test-
ing equipment by simulating with the finite element
method and by optimizing the dynamic balance of
the rotating shaft and is structured to simplify the
maintenance.

Further, in order to improve the precision of the
test environment conditions, it is necessary to keep
the thermostatic chamber at a constant tempera-
ture by absorbing the heat generated from the parts
to be tested. This time, by designing a refrigerant
circuit and a control method to improve the cooling
unit’s response to heat generation, and by eliminat-
ing the defrosting function of the evaporator used in
typical temperature control equipment, Fuji Electric
developed a temperature control equipment capable
of +1°C temperature tracking in response to ther-
mal load fluctuations. (Refer to “Performance Test
System Reproduces the Usage Environment of EV
Drive Components” on page 40.)

4. Other Systems, Solutions and Services

Fuji Electric offers systems, solutions and ser-
vices that utilize the measurement and control

technology we have cultivated in various industrial
fields.

4.1 Ship loT system

Exhaust gas cleaning systems (EGCS)*? are in-
creasingly being adopted in the maritime industry
in response to the strengthened sulfur oxide (SOx)
emissions regulations specified by the International
Maritime Organization (IMO). Fuji Electric offers
EGCSs that minimize operation costs by achiev-
ing optimal control using the world’s smallest [10-
MW class (as of 2020, according to Fuji Electric
research)] SOx scrubber and the laser gas analyzer.
However, EGCSs burden ship owners, manage-
ment companies and seafarers with monitoring
and maintenance tasks. We developed the “Ship
IoT System,” which contributes to a safe and ef-
ficient ship operation through automatic collection
of EGCS operation data and predictive diagnosis
of faults. (Refer to “Ship IoT System for Efficient

*3 EGCS

bers that remove sulfur from exhaust gas by exhaust gas and discharged water, and other
EGCS stands for exhaust gas cleaning cleaning the gas with sea water, measuring components.
system. These systems consist of SOx scrub- instruments that analyze the components of
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Operation Management of Exhaust Gas Cleaning
Systems” on page 45.)

4.2 Radiation control solutions

There is growing momentum around the world
to depart from the use of fossil fuels and utilize nu-
clear power. To promote the utilization of nuclear
power, thorough safety measures are essential, and
to ensure safety and security in the local area, ra-
diation management is indispensable. Fuji Electric
has been contributing to the safe and secure use of
nuclear energy by offering measuring instruments
such as personal dosimeters, gas and dust monitors,
as well as radiation monitoring systems. To further
improve measurement reliability and promote auto-
mated management, we have developed monitoring
posts with higher environmental resistance, dosim-
eters, environmental radiation monitoring telemeter
systems and other equipment. (Refer to “Radiation
Management Solutions Contributing to Safety and
Security” on page 49.)

4.3 Service for Smart Industrial Safety

In the petroleum, chemical, power and gas in-
dustries and other energy-related infrastructure
industries, the workload required for maintenance
has been increasing as a result of the aging of equip-
ment, as well as the aging and long-term shortage
of security workers. Under such circumstances,
there is an urgent need for the stable operation of

equipment and the streamlining and sophistica-
tion of the maintenance work. Fuji Electric offers
the “Comprehensive Service for Smart Industrial
Safety,” which addresses issues arising from exist-
ing analog maintenance operations and supports
the management of highly efficient operations by
utilizing IoT and AI technologies. In this way,
the service optimizes equipment maintenance, en-
compassing everything from the development of
maintenance plans to the proposal of equipment
monitoring and maintenance management mea-
sures. (Refer to “Comprehensive Service for Smart
Industrial Safety, Which Improves Maintenance
and Inspection Efficiency and Delivers Predictive
Maintenance” on page 54.)

5. Postscript

In this paper, we described the current sta-
tus and future outlook of instrumentation, control
and information systems that contribute to Fuji
Electric’s efforts in automation and energy saving.
Going forward, we will continue to contribute to so-
ciety by promoting automation and energy saving.
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Global Monitoring and Control System That
Improves Plant System Engineering Efficiency

WAKALI, Daisuke”

SATO, Yoshikuni*

YOSHIHARA, Daisuke”

ABSTRACT

In recent years, the engineering function of plant monitoring and control systems have been required to support
the entire plant lifecycle. To meet the requirement, Fuji Electric has developed the “MICREX-VieW FOCUS Evolution”
global monitoring and control system to improve the efficiency of plant system engineering. The MICREX-VieW
FOCUS Evolution enables users to build flexible monitoring and control systems tailored to the scale and application
they require by offering both easy customization and high versatility, as well as supporting OPC UA, which is used as

a standard multi-vendor communication protocol.

1. Introduction

In 2014, Fuji Electric released the “MICREX-
VieW XX (double X)” monitoring and control system
for small- and medium-scale industrial plants. Since
then, we have been contributing to the stable opera-
tion of industrial plants in fields such as steel, chemi-
cals, food, waste treatment.” In recent years, plant
monitoring and control systems have also been increas-
ingly introduced outside of Japan. However, since the
turnover rate for engineers is high overseas, there is
demand for computer software-based engineering tools
that are easier to learn. Monitoring and maintenance
from remote locations and compliance with interna-
tional standards are essential when delivering plant
systems to markets outside of Japan.

To meet these requirements, Fuji Electric devel-
oped an integrated engineering system for local engi-
neers both in Japan and abroad. This paper describes
the “MICREX-VieW FOCUS Evolution” global moni-

toring and control system.

2. Challenges in Monitoring and Control
Systems

2.1 Overview

Figure 1 shows an example of a MICREX-VieW XX
system configuration. At the engineering station, en-
gineering work is performed on the operator stations
that serve as the human machine interface (HMI) and
the controls stations®. At the operator station, per-
sonnel use the control station, remote I/0 and field
devices to monitor and operate the plant to collect the
data necessary for plant operation and perform control.

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.
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Through these operations, the system provides highly
reliable and optimal solutions, thereby contributing to
energy saving and the stable and safe operation of the
plant.

2.2 Challenges
(1) Enhancement of user support functions

With the advancement of digital technology, the
engineering work for recent plant monitoring and con-
trol systems has evolved and are now starting to sup-
port the entire lifecycle of the operator station and the
control station, from engineering to service. Outside
of Japan, there is a need to consolidate the engineer-
ing environments of entire plant systems to improve
engineering efficiency. As such, companies require en-
gineering environments that allow for the effective use
of developed application assets regardless of the scale
of the plant system.

Since the engineer turnover rate is high outside
of Japan, engineering tools that are easy to learn are
required. In addition, to meet the need for support for
remote work and collaborative work among engineers
in different locations, it is necessary to provide envi-
ronments in which engineering operations can be eas-
ily performed by anyone from anywhere.

(2) Enhancement of the HMI function

When carrying out development work in Japan in
response to changes in specifications for plant monitor-
ing and control systems abroad, the process of translat-
ing specification changes into Japanese and the time
losses due to time difference during verification of
specifications. To allow engineers outside of Japan to
quickly carry out tasks from application development
to testing on site, it is necessary to provide a simple
and efficient engineering environment. The HMI envi-
ronment needs accommodating rules that are specific
to local engineers, as well as customization and pack-
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Fig.1 Example of a “MICREX-VieW XX” system configuration

aging based on user requirements.
(3) Improving versatility

Systems that employed the MICREX-VieW XX
required dedicated equipment. For example, when
equipment failed in plants abroad, recovery took time
because replacements needed to be sent from Japan.
To achieve systems that facilitate procurement, imple-
mentation, and engineering even abroad, such con-
straints need to be eliminated.
(4) Enhancement of monitoring and maintenance

functions

For Japanese plant manufacturers operating out-
side of Japan, prerequisites for adopting a plant sys-
tem include the ability to perform maintenance in a
timely manner and in short lead times similar to op-
erations in Japan. Accordingly, we need to provide an
environment that allows remote monitoring and main-
tenance without the need to visit the worksite.

3. Characteristics of the “MICREX-VieW FOCUS
Evolution” Global Monitoring and Control
System

3.1 Outline

Figure 2 shows an example of a system configura-
tion for the MICREX-VieW FOCUS Evolution. De-
signed to be applied in plants abroad, the MICREX-
VieW FOCUS Evolution enables users to develop ap-
plications with the integrated engineering tool, and
build flexible systems tailored to the scale and applica-
tion. It also supports the remote operation of multiple
sites using smart devices. This is a monitoring and
control system that ensures both customization and
versatility at a high level.

3.2 Integrated engineering tool and application package
(1) Automatic synchronization of tool integration and

TAG information

For this system, we offer an integrated engineering
tool that achieves higher usability by combining mul-
tiple engineering tools that were previously separate.
Figure 3 shows the configuration of the integrated en-
gineering tool. The following tools can be combined
and used flexibly under the integrated environment.
Fuji Electric offers packages that can be used with the
various applications that run on these tools [see (3) for
details].

O Network configuration engineering tool

O Controller engineering tool

O HMI screen engineering tool

O Simulation

O Standard template and standard library

The integrated engineering tool centrally manages
not only the various tools and applications described
above, but also the TAG information used to identify
the devices and equipment that are subject to monitor-
ing and control. Since the tool automatically synchro-
nizes all applications, every time a user edits an appli-
cation or operates the control station, the information
of related tools and applications is also automatically
updated. Therefore, users are relieved from the hassle
of managing applications for each tool as was required
in the past. In addition, users do not need to recon-
nect TAG information, which was previously retained
separately for the controller and the HMI screen, every
time the information is updated. These functions sig-
nificantly lighten engineering workload and improve
efficiency.

Global Monitoring and Control System That Improves Plant System Engineering Efficiency 11
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Fig.3 Configuration of the integrated engineering tool

(2) Multi-user function

Engineers in Japan and abroad are increasingly
collaborating in the development of plant monitoring
and control systems for countries outside of Japan. In
such cases, there are concerns that development ef-
ficiency may decline due to mistakes in the manage-
ment of the application development process, and that
labor hours may increase due to complex management.
To prevent these issues, we developed the multi-user
function. Since application files under development
are centrally and exclusively managed on the dedi-
cated server, multiple engineers cannot modify the
same application at the same time.

12

Furthermore, users can reuse developed applica-
tions at new worksites. Reusing proven and reliable
applications is effective for improving development ef-
ficiency.

(38) Sophisticated utilization of application packages

Fuji Electric offers application packages to help
users develop applications. A wide range of packages
are available for various industries and for operational
support, allowing engineers to select a suitable pack-
age for the plant control system to be developed. To
improve the efficiency of application development, us-
ers have not only used these packages, but have also
created templates of programs and screen data that

FUJI ELECTRIC REVIEW vol.69 no.1 2023




have a proven track record and managed them for the
purpose of reuse with their own management rules.
However, since local engineers could not modify the
individual specifications of these application packages
and templates for reuse, they needed to ask the devel-
opers of the template or package to develop the modi-
fied version.

To solve this issue, we developed the object sharing
system illustrated in Fig. 4. The system works as fol-
lows: When a user registers developed program parts
and screen parts in the package library for the purpose
of reuse, the user defines information known as struc-
tured TAG data to link the definition information of
the program variables and screen parts to be reused to
the elements of the structured TAG data. This system
allows local engineers to modify the individual specifi-
cations of applications, which could previously only be
done by the developers. By simply arranging program
parts during program development, the corresponding
screen parts can be automatically created.

Utilizing these functions will drastically improve
development efficiency at worksites outside of Japan
and allow development to be completed locally.

3.3 HMI system
(1) Screen customization by the user

The HMI screen is an important user interface on
which plant operators constantly perform monitoring
and operation. Thus, its usability affects customer
satisfaction significantly. Screens must meet the spe-
cific requirements for various fields and end users. In
particular, the ability to perform flexible customization
is important for local engineers to satisfy such require-

Program parts Structured TAG Screen parts

- - o PID

5 o BS1

: = o FS1

- -5 “ o PN1 “

o BS2

— o FS2

: 3 o PN2
Program \/ HM n

development development
l e Add Add

Package library

PLC1
FB FP
Global variables Symbols
1/0 — Alarm levels
User TAG

Automatic image tl'rends

RAS creation from
Industrial values program

Fig.4 Object sharing system

ments.

We developed a new function to customize
screens with a general-purpose scripting capability
that enables the execution of simple programming
languages. Figure 5 shows the internal structure
of the HMI system of the MICREX-VieW FOCUS
Evolution.  Since the HMI platform used to be
equipped with screens and parts in advance, us-
ers could only modify the combination of parts. By
separating them from the HMI platform, we have
made it possible to perform customization and pack-
aging of screens and screen parts on the HMI sys-
tem of the MICREX-VieW FOCUS Evolution.
By using the general-purpose ECMAScript*! for cus-
tomization, users can add plant-specific motions to the
HMI screen. ECMAScript supports 258 script func-
tions for 21 categories to enable flexible customization.
(2) Multi-window function

Figure 6 shows an example of the multi-window
display (tile display). @ The HMI system of the
MICREX-VieW FOCUS Evolution has a multi-window
display function that displays a maximum of eight

’ Screen parts not editable }

Screen part

s

HMI platform
(Run-time/drawing engine)|

| Windows* OS

Previous system

Screen editor

Script editor

bt Property ormbimide Trum
1 72 Myheglo - I7_MyAngle + 10;
3 iF(72_MyAngle > 368} II_Myhngle = 0]

A

HMI platform
(Run-time/drawing engine)

| Windows OS

EX-VieW FOCUS

HMI system of Evolution

* Windows is a trademark or registered trademark of Microsoft Corporation.

Fig.5 Internal structure of the HMI system of the “MICREX-
VieW FOCUS Evolution”

*1 ECMAScript is a trademark or registered trademark of
Ecma International.
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Fig.6 Example of the multi-window display (tile display)

monitoring screens at the same time. Users can select
from the following three display types.

OTab display

O Floating display

OTile display
(3) Increase in PC choices

We adopted our own proprietary database to elimi-
nate the use of Microsoft SQL Server*?, which was nec-
essary in the previous system. This measure relaxed
the requirements to use the system on computers, en-
abling general-purpose PCs to be used.

3.4 Remote monitoring system
(1) Remote monitoring function

The MICREX-VieW FOCUS Evolution can be used
to remotely monitor local plants by means of HMI cli-
ents such as general-purpose PCs, tablets, and smart-
phones.

This function was implemented using a remote ser-
vice server (HMI server) on the control LAN as shown
in Fig. 2. The information LAN has a demilitarized
zone (DMZ: buffer zone) with firewalls to accommodate
the remote access gateway. As a result of this feature,
users can connect HMI clients to the remote service

server via the Internet to monitor and operate the
plant from the browser. This system allows users to
remotely monitor even plants located outside of Japan
with ease without constructing a virtual private net-
work (VPN) on the client devices.

(2) Adoption of OPC UA™ communication protocol

For the monitoring and control systems of indus-
trial plants, it is important to have multi-vendor com-
munication technologies, which enable connections to
the systems, devices and even cloud systems of other
vendors. Currently, many technologies are available
for multi-vendor communication, and they can be se-
lected according to the purpose. Among those, OPC
UA is gaining attention as a promising option.

OPC UA is growing as a communication technology
for control systems. It has become an international
standard as a protocol recommended in TEC 62541,
which is a communication-layer (communication func-
tion) standard of the Reference Architecture Model
Industrie 4.0 (RAMI4.0), which in turn is a reference
architecture model of Industrie 4.0, promoted mainly
by Germany. China and Singapore have adopted OPC
UA as national standards, and it is expected to spread
to other regions outside of Europe.

For the MICREX-VieW FOCUS Evolution, we
provided the operator station with an OPC UA server
function to smoothly synchronize the system to vari-
ous systems both in Japan and abroad. The OPC UA
synchronization data automatically synchronizes with
the TAG information defined using the integrated en-
gineering tool.

As a result, for the various processes that make
up the engineering process, from the software design
process to testing, the number of labor hours can be re-
duced to half of that of the previous system, as shown
in Fig. 7. This will also allow customization to be per-
formed locally when plants are to be expanded in scale.

Scope of engineering efficiency improvement

Rough Detailed .
speci?ilclgtions specification )| Software design

Previous system
design

Software creation

Debugging

MICREX-VieW Rough Detailed Software \[Software
FOCUS Evolution | specifications speg‘leslfganlon design creation

Fig.7 Reduction of engineering labor-hours

*2 SQL Server is a trademark or registered trademark of
Microsoft Corporation.

*3 OPC UA is a trademark or registered trademark of the
OPC Foundation.
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4. Postscript

In this paper, we have described a global monitor-
ing and control system that improves the efficiency of
plant system engineering. This system allows users to
build flexible systems tailored to the scale and applica-
tion and can be operated globally. It also supports the
stable operation of plants through remote monitoring
using smart devices. This monitoring and control sys-
tem ensures both easy customization and high versatil-
ity and is constantly evolving.

Fuji Electric will continue to expand the functions
of the monitoring and control system to improve the
engineering environments of our customers.
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Soft Sensor-Systems for Optimizing Plant Operation

TANAKA, Masaki*

KATO, Taisuke”

MURAKAMI, Kenya*

ABSTRACT

In recent years, an increasing number of companies have been promoting DX initiatives in industrial processes
in order to improve productivity. Fuji Electric has been developing technology for soft sensors that can estimate qual-
ity in real time using temperature, pressure, and other process data. Our newly implemented soft sensor design tool
enables efficient building and deployment of highly accurate mathematical models that were challenging in the past.
The performance of the soft sensors was verified with a process simulator. The new soft sensor designed with our
tool is able to estimate quality values that have been difficult to measure in real-time and improve plant control, re-

sulting in reduced specific consumption and lower costs.

1. Introduction

In recent years, industry has been increasingly
promoting digital transformation (DX) for automation
and increased efficiency in manufacturing processes.
As society and markets change, an increasing number
of companies in steel, chemicals, and other process in-
dustries have also been advancing efforts toward digi-
talization to improve safety, reduce environmental im-
pact, stabilize quality, and reduce costs and workload.

As on-site plant operation is crucial in process in-
dustries, operators must have an accurate understand-
ing of the status of plants to appropriately implement
intervention and control. Soft sensors, helping under-
stand the status of plants, can further innovate plant
operation and promote DX in the process industries.

2. Soft Sensors

2.1 What are soft sensors?

Soft sensors are attracting attention as sensors de-
signed for the safe and stable operation of manufactur-
ing plants, as well as for the maintenance and control
of quality.

In the process industries, key quality values such
as the concentration of components in a product are
still measured via sampling-based laboratory analy-
sis. The problem with this method is that it takes a
long time to obtain results and is costly. On the other
hand, since in-process temperature and pressure mea-
surements can be taken in real time and at a low cost,
if those measurements are correlated to quality values,
quality can be estimated in real time. A soft sensor

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.
t Corporate R&D Headquarters, Fuji Electric Co., Ltd.
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is a mathematical model that enables the estimation
of quality values, which are response variables, from
explanatory variables such as temperature and pres-
sure, which are easy to measure. They are called soft
sensors because their functions are implemented as
software.

2.2 Roles and effects of soft sensors
A soft sensor will yield the following benefits:

(a) As in Fig. 1, operators used to operate plants
without knowing the current quality and could
not perform operations with confidence. If a soft
sensor shows the estimated current quality in
real time, operators can appropriately perform
plant operation and intervention.

(b) Real-time estimated quality reduces the mar-
gins that were previously established under the
assumption that quality was uncertain, thereby
reducing waste, improving quality and saving
energy.

(c) When a target quality value can be measured by
equipment, soft sensors can detect equipment
errors.

2.3 Challenges for soft sensors

Achieving the effects described in Section 2.2 re-
quires the efficient design and implementation of accu-
rate soft sensors.

To accurately estimate process quality values
with a soft sensor, it is necessary to apply appropriate
mathematical models and parameters using suitable
combinations of explanatory variables. Users need to
select optimal combinations from many candidates,
which requires enormous efforts because it can only
be enabled by manually searching the combinations by
trial and error. A major challenge to achieve the prac-
tical implementation of soft sensors is to drastically
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Fig.1 Effects of a soft sensor

improve the efficiency of the processes required for this
soft sensor design.

In addition, in order to operate designed soft sen-
sors in actual plants, users need to implement systems
to input explanatory variables such as temperature
and pressure measurements and perform calculations
using mathematical models to output quality estimates
(response variables). A mechanism is also necessary for
updating the parameters of the estimation models of
the soft sensor in response to changes in actual plants.

3. Soft Sensor Design Tool

3.1 Outline of the soft sensor design tool

We developed a tool to efficiently design highly ac-
curate soft sensors without the manual trial and error
process that was previously necessary. This soft sen-
sor design tool was jointly developed by universities,
quality control and production management depart-
ments of chemical companies, engineering companies
and Fuji Electric at the Workshop No. 32 “Soft Sensor
Implementation” (chaired by Kimito Funatsu) at the
143rd Committee on Process Systems Engineering
organized by the Japan Society for the Promotion of
Science. In this workshop, the series of procedures
have been standardized and automated to determine
combinations of explanatory variables, estimation
model types and parameters, which had been a major
challenge in soft sensor design in the past. Section 3.2
describes the series of processes that were automated.

3.2 Steps from soft sensor design to operation

The steps from soft sensor design to operation are
shown in Fig. 2.
(1) Data collection

In this step, the data required for soft sensor de-
sign is collected. It is necessary to obtain both the
response variables to be estimated, such as product
quality, and explanatory variables that may affect the
response variables, such as process data.

Soft Sensor-Systems for Optimizing Plant Operation
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Fig.2 Steps from soft sensor design to operation

(2) Data preprocessing

Collected explanatory variables may contain outli-
ers, irregular data or noise. Since these will interfere
with the proper design of the soft sensor, data prepro-
cessing is performed, such as removing outliers and ir-
regular data and eliminating noise by moving average,
in this step.
(3) Building and evaluation of the soft sensor

There are several candidate methodologies to es-
timate response variables from explanatory variables.
Notable candidates are regression models such as par-
tial least squares (PLS) and support vector regression
(SVR), as well as just-in-time (JIT)-PLS, which sequen-
tially and automatically update estimation models in
response to changes in processes. Many candidate soft
sensors are built with the combinations of these esti-
mation models and explanatory variables to compare
the accuracy of their estimates for evaluation.
(4) Implementation of the soft sensor

According to the evaluation results, users select a
soft sensor that will achieve the target accuracy and
implement it on the inferential PC provided in the on-
line environment.
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(5) Operation of the soft sensor

The process data to be used as explanatory vari-
ables is measured in real time and stored in the data
server of the process control system. The inferential
PC feeds the explanatory variables obtained from the
data server of the control system into the soft sensor
and writes the estimated outputs into the data server
and pass it on to the control system.
(6) Redesign of the soft sensor

If the characteristics of the plant equipment
changes over time due to the accumulation of scale (de-
posit) inside piping or other factors, it may cause a dif-
ference from the estimation model, and the estimation
performance of the soft sensor may deteriorate. Rede-
sign of the soft sensor is required before the deteriora-
tion of estimation performance exceeds the permissible
level. Users can redesign the soft sensor by repeating
the data collection, data preprocessing, and soft sensor
design and evaluation processes.

3.3 Configuration of the soft sensor design tool

data, the tool estimates response variables and calcu-
lates the root mean squared error (RMSE) and the de-
termination coefficient RB2. The tool automatically per-
forms these processes to compare values and select a
estimation model (a soft sensor) that achieves the best
performance. Text format files are generated to deploy
to the on-line tool with response and explanatory vari-
ables, as well as for the selected model information.

Table 1 lists the functions of this off-line tool.

(2) On-line tool

The on-line tool allows users to operate a soft sen-
sor in actual processes.

This tool estimates product quality values (re-
sponse variables) from the explanatory variables se-
quentially loaded from the database of the plant’s
control system, using a estimation model based on the
model information generated in the off-line tool. Thus,
the tool can immediately operate the model selected
by the off-line tool in an actual plant. The estimated

Table 1 List of functions of the off-line tool

Figure 3 shows an example of a system configura- No. Description of function Remarks
tion 'of the .soft sensor d§51gn tool. This dfas1gn tool is || Loading of past data (explanatory ]
provided with a mechanism that standardizes and au- variables, response variables)
tomates the series of designing steps described in Sec- o | Selection of samples B
tion 3.2. This tool consists of two software components, (for training and testing)
the off-line tool and on-line tool. 3 Settings of fixed/selected variables, _
(1) Off-line tool i;)nﬁg}t)llrati(in of maxin:iuir; delljy -

. . ariable selection, model building, an

The off-line tool allows users to design a soft sen- 4 | performance evaluation based on B
Sor. training data

The tool generates several condition-specific candi- 5 | Evaluation of estimation performance RMSE" Rz
date estimation models using training data according based on test data ’
to the conditions specified by users such as the data Callcuk(iition alll)(ll enulgeratéo? of all

. . . 3 6 selected variables and models as -
ranlge (period) tg biz stuﬁwd, the sfe;lecimon .of candlda}‘ie candidates for search
explanatory Va}rlab es, t e range o .de ay time, and the 7 | Output of model file -
types and settings of candidate estimation models. By
. . . . *1 RMSE: Root mean squared error
applying each candidate estimation model to the test *2 R Coefficient of determination
(Oft-line system (office) ) Database Off-line tool (BC) Model building,
2 tuning, simulation
<> - & Model parameter list o o Tuation
— B - EHEaEnE !» 4!
| Technical staff
On-line system (control room) JERSEEalNu 1
model building
DCS*! MES *2 data Model parameter file
[ | - !
I S R
Database .
!?! Fg > On-line tool Monitoring of
C ) 5 - Real-time quality = . _. soft sensor
E W ~ nonitoring FEr e Server PC or U output value
| programmable * @,
operator interface ah
[1][]] [ ][]
aE = T TI_ 1
T~ Operator

*1 DCS: Distributed control system
*#2 MES: Manufacturing execution system

Fig.3 Example of a system configuration for the soft sensor design tool
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Table 2 List of functions of the on-line tool

No. Description of function Remarks

1 Loading of model files -

9 Starting and stopping estimation Several models
(by model) acceptable

3 Entry of historian data Each cycle
(instantaneous values)
Calculation and output of estimates

4 | according to historian data and model Each cycle
inference

5 Indication and storage of results Each cycle

quality values are stored in the database of the plant’s
control system, allowing operators to check the values
any time.

Table 2 lists the functions of the on-line tool.

Using these tools allows users to standardize a soft
sensor development procedure without trial and er-
ror. Users can simply and quickly implement the steps
from soft sensor development to operation, saving a
significant number of engineering labor hours com-
pared to manual implementation.

4. Application Example of the Soft Sensor
Design Tool

4.1 Target process

To verify the effect of the soft sensor designed with
the developed tool, we used the data generated with a
vinyl acetate monomer (VAM) manufacturing process
simulator®® developed at the Workshop No. 27 “Pro-
cess Control Technology” at the 143rd Committee on
Process Systems Engineering organized by the Japan
Society for the Promotion of Science. Since this simu-
lator has been developed to enable simulations in envi-
ronments similar to those in actual plants, we can use
it as a benchmark model for purposes such as quality
estimation, as in this case, as well as control.

The VAM manufacturing process shown in Fig.
4 produces VAM as a product by subjecting ethylene
(CoHy), acetic acid (CHsCOOH) and oxygen (O2) that
have been input as materials to processes such as re-
action, gas-liquid separation and absorption, and then
separating and refining them in a distillation column.
Then, we estimate the response variable (in this case,
the water concentration at the bottom of the distilla-
tion column) is estimated according to 49 explanatory
variables for temperature, pressure and flow rate. If
the water is returned to the reactor, stability will de-
grade. Since it is difficult to measure water concentra-
tion in real time, sampling measurement by means of
manual analysis was common in the past.

4.2 Verification result

We carried out the steps from data preprocessing
to evaluation of the estimation model using the data
obtained from the VAM manufacturing process simula-
tor described in Section 4.1. While explanatory vari-
ables are measured per minute in this data, response
variables are measured once a day. As such, the data
acquisition timing is differs. The newly developed tool
can automatically identify and select explanatory vari-
ables that are acquired at the same time as response
variables. To design an estimation model, we provided
the estimation models of PLS, SVR and JIT-PLS with
adjusted coefficients to obtain dozens of combinations
of candidate estimation models. Figure 5 highlights
how the soft sensor design tool reduces labor hours.
By using this tool, we have reduced the time it takes
to complete the processes up to evaluation of the esti-
mation model to approximately a third of that of the
manual trial-and-error method.

In this verification, the JIT-PLS was selected as
best estimation model for the soft sensor. We compared
its performance with that of the PLS-based soft sen-
sor, which was the main model previously used based
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Oxygen feeding k Heater
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Reactor
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Absorber _Woler

Purge )
Carbon dioxide

Carbon dioxide
remover

\

Vinyl acetate
monomer
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L
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=
=
Acetic acid Evaporator
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Fig.4 Vinyl acetate monomer (VAM) manufacturing process® (Translated by Fuji Electric)
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Fig.5 Breakdown of labor-hour reductions achieved by the soft
sensor design tool

on manual construction. Figure 6 compares the opti-
mization results from the use of the soft sensor design
tool. The RMSE (estimated error) of the conventional
method (PLS) was 0.46%, while that of the best result
(JIT-PLS) was 0.26%; showing a higher accuracy for
the soft sensor designed with this tool.

4.3 Cost reduction effect of the soft sensor

Using the VAM simulator described in Section 4.1,
we estimated the improvement of the plant operation
that would result when applying this soft sensor to

10.0

7.5 | Measurement

8 9 1011 12 13 1415 16 17 18 19 20 21 22 23
Time (h)
(a) PLS

Water concentration (%)

7.0 k=t

H
o |-
w b
= b
= |
> b
b

10.0

9.5 |

7.5 |

Measurement

Water concentration (%)

PR T S T S S S S S S S S S S S !
123456 78 91011121314 1516 17 18 19 20 21 22 23
Time (h)
(b) JIT-PLS

7.0

Fig.6 Example of optimization by the soft sensor design tool
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the VAM manufacturing process. In the past, it was
not possible to measure the water concentration at the
bottom of the distillation column in real time. For
this reason, the water concentration could not be con-
trolled directly, and it took long time to stabilize the
plant. Now, however, since the soft sensor enables its
real time estimation, the water concentration in the
reboiler at the bottom of the column can be directly
controlled with the estimated value to achieve quick
stabilization. As a result, the water concentration at
the relevant area can be reduced in a stable manner,
and in tandem, the amount of steam to be fed to the
evaporator and reactor can also be reduced, along with
the consumption rate of raw materials. With these
improvements, a cost reduction equivalent to 8 million
yen a year can be expected. In addition, there were no
errors in the soft sensor estimates that would nega-
tively affect the control of the abovementioned reboiler.

5. Postscript

In this paper, we have described soft sensors that
contribute to the optimization of plant operation. This
technology allows us to easily introduce soft sensors
into existing control systems. The technology will
contribute to increased productivity in plants by op-
timizing control using the estimated output by the
soft sensor to achieve stabilization of product quality,
improved energy saving and safety, reduction of op-
erator workload and environmental impact, and more.
By synchronizing this technology with the plant in-
formation management system (PIMS) implemented
in the Fuji Electric monitoring and control system
“MICREX-VieW FOCUS Evolution,” seamless integra-
tion with the existing software of plant operation sup-
port can be achieved. Fuji Electric will contribute to
the innovation of the plant operations of customers by
expanding functions that support plant operation.
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Engineering Support Tool That Reduces Lead Time
and Improves Quality, Accelerating DX

KITAMURA, Sumio®

YOSHINO, Minoru #

ABE, Yuta®

ABSTRACT

Conventionally, engineering work involved in new construction, expansion, and renewal of plants and facilities
required a considerable amount of manual work. This resulted in significant variations in lead time and quality. The
engineering support tool “HEART” accelerates DX by supporting the innovation in engineering operations, work flows,
and business processes through automation and the use of data and digital technologies. It contributes to reducing
lead time and improving quality by efficiently creating function specifications and project completion documents and
automating the generation of control programs, the visualization of changes in various specifications and drawings,
and the recording of test results in the control function specifications.

1. Introduction

Work patterns are rapidly changing as a result
of the acceleration of globalization and the recent
rise in worker diversity, work style reform, improve-
ments to working environments, remote work, and
other changes. Under these circumstances, there is
an increasing need for digital transformation (DX) to
provide new value to customers and improve corporate
profits.

The engineering lead time and quality of monitor-
ing and control systems in the construction, expansion,
and renewal of plants and facilities are highly depen-
dent on the skills and experience of engineers.

Accelerated globalization has led to an increase in
the diversity of engineers, and the retirement of expe-
rienced workers in Japan has led to an increase in the
proportion of engineers without extensive experience
or advanced skills, reducing the efficiency and quality
of engineering operations. In the past, it was neces-
sary to spend a lot of work hours on various types of
manual work, such as creating customer requirements
specifications into control function specifications, turn-
ing function specifications into software, comparing
and clarifying changes, and reflecting internal and
on-site test results in the specifications, which caused
large fluctuations in lead time and quality.

To solve these problems, engineering operations
must be transformed. Provided by Fuji Electric, the
engineering support tool “HEART” uses digital tech-
nology to transform a series of engineering operations,
including specification compilation, design, manufac-

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.

t Power Electronics Energy Business Group, Fuji Electric
Co., Ltd.

turing, internal testing, on-site testing, and technical
drawing follow-ups, as well as operation flows and op-
eration processes.

2. Problems in Previous Engineering Operations

From the confirmation of requirements to follow-
ups on on-site test results, many people were involved
in conventional engineering operations, resulting in
the following problems:

(1) During creation of control function specifications

Engineers create control function specifications
based on the requirements specifications created by
the customers. This procedure required them to create
new symbols used in figures, tables, and control func-
tion specifications and convert them into PDF or image
files and paste them.

In many requirements specifications, control logic
is omitted to the extent that the outlined functions
can still be understood, or the same processes are ex-
pressed in table format. On the other hand, control
function specifications contained detailed logic dia-
grams that accurately represent functions and actions.
For this reason, even though the logic was correct, the
control contents were difficult to understand when
viewed by anyone other than the author.

(2) During the design of control programs

After creating control function specifications and
having them verified by the customer, the control pro-
gram design phase begins. For the creation of control
programs, dedicated loaders that were different for
each controller model were used. To design a control
program from the contents of the control function spec-
ifications, it was necessary to have advanced skills and
experience, such as knowledge of controller program-
ming and dedicated loaders. Furthermore, the large
amount of work involving human intervention gave
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rise to discrepancies in how specifications were inter-
preted, as well as oversights.
(3) When changes are occured

Previously, when changes are occured in the ad-
dresses of the input and output signals of various
devices used for control or monitoring, or in the tags
treated as identifiers, it was necessary to manually lo-
cate the control function specifications and the places
where the tags and addresses are used in the control
program, and to manually change both. In addition, it
is necessary to clearly indicate the changed portions of
the control function specifications and the control pro-
gram so that they can be noticed by those other than
the author. In the past, modified pages were printed,
and changes were indicated by hand using revision
clouds or other markings so that they could be noticed.
As such, it took time to extract the changed portions
and write symbols indicating changes, and in addi-
tion, there were at times oversights in the indication of
changes.
(4) During testing

To write test results in control function specifica-
tions and test reports, it was necessary to copy them
by hand while looking at the test data, and mistakes in
writing sometimes occurred.
(5) During reflecting results to project completion doc-

uments

Changes in specifications and in the circuits of
control programs often occur when on-site tests and
adjustments are conducted at customer plants and
facilities. Upon completion of on-site testing and ad-
justments, the test results need to be reflected in the
control function specifications. However, the field en-
gineers often only modified the control programs and
neglected to revise the control function specifications.
For this reason, the control function specifications
needed to be reverse-engineered from the control pro-
grams. The discrepancy between the control function
specifications and the control programs was a factor
that led to a deterioration of quality in the revisions
and updates that followed.

3. Transforming Engineering Process with the
Engineering Support Tool “HEART”

3.1 Streamlined creation of control function specifications
(1) Creation of control function specification
from requirements specifications

The requirements specifications that compile the
needs of end users are usually prepared with general
OA software®, such as Microsoft Office*!, Excel*? and
Visio*?. Engineers need to take detailed and concrete
control specifications that meet the needs indicated in
the requirements and create them into control function
specification documents. Here, based on the electronic
files of the requirements specifications provided by the
customer, the engineer can efficiently create control
function specifications by adding control circuits using
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the many symbols provided by HEART. Because it uti-
lizes familiar OA software, it is very easy for engineers
to adopt.
(2) Clarification of control function specifications
HEART provides functions to express complex pro-
cesses in control function specifications in a simplified
manner using symbols, as well as to express the same
processes compiled in the form of a table. Figure 1
shows the clarification of control function specifica-
tions. These functions make it possible to create
simple, no wasted, and to-the-point control function
specifications and to make the documents easier to un-
derstand.

3.2 Automatic generation of control programs

HEART provides a function to automatically gen-
erate control programs®, which eliminates the need to
manually create control programs from control func-
tion specifications. It enhances the reliability of con-
trol programs by eliminating omissions and errors in
creation, which are inevitable in manual work, as well
as through the constant logical alignment of control
function specifications with the control programs. In
addition, it supports many types of controllers, elimi-
nating the need to program using a dedicated loader
according to the type of controller, enabling engineer-
ing with familiar OA software.

Figure 2 shows a comparison of ways of engineer-
ing to create control function specifications into control
programs.

= :

(b) Tabular representation

Fig.1 Clarification of control function specifications

*1 Office is a trademark or registered trademark of
Microsoft Corporation

*2 Excel is a trademark or registered trademark of
Microsoft Corporation

*3 Visio is a trademark or registered trademark of
Microsoft Corporation
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Fig.2 Comparison of ways of engineering to create control
function specifications into control programs

3.3 Detection and automatic application to affected areas

during design and modification

When changes to tags are made in control func-
tion specifications, HEART is able to automatically
detect the affected areas and list the points that need
to be modified. By double-clicking a point on the list
detected by HEART, you can jump to the correspond-
ing page of the control function specifications and ap-
ply the tag change with a single action. The list will
continue to be displayed until the user decides whether
to implement or reject the changes, allowing them to
avoid omitting changes or entering the wrong tags. It
also automatically detects discrepancies in placement,
such as overlapping tags or missing control instruc-
tions to the output signal, and displays them in the
list. Figure 3 illustrates the ease with which specifica-

to thousands of changes of changes
sheets of
specifications

Several hundreds [ Manual search for ] [Manual input

(a) Conventional process

L

- K

Electronic oAfll;E}(;glatég listing C},ﬁllngﬁs mi'd(;
specifications g with one actio
(b) HEART

Fig.3 Ease of making changes to specifications using
"HEART"

tion changes can be made with HEART.

3.4 Automatic visualization of changed portions in various
specifications and drawings

There are hundreds to thousands of specification
documents per project. Revisions are made as needed
through specification meetings and design reviews,
then shared with customers and those in charge of
the next process. Engineers need to determine the ex-
tent of direct and indirect impacts on the plant from
changes made as a result of the revisions. As such, an
accurate representation of the changed portions is re-
quired.

HEART provides a function to digitize handwrit-
ten changed portion marks to visualize the affected
areas®. Figure 4 shows an overview of the automatic
changed portions visualization process.

The main features are as follows:

(1) Extraction of page layout-independent changes

Figure 5 illustrates how changes are extracted
independently of the layout within the page. When
revising specification documents, specifications are
added or deleted. These changes often cause the po-
sitions of subsequent specifications to change. If an

=} Revision of specifications
—_— and drawings

Several
hundreds
8(% ;ﬂggﬁ; nds Manual work is
* * digitized
Conventional process HEART

PV Deleted Changes
visualized
without

oversights

\ Differences

visualized
only in Spec. 3

No changes in Spec. 2
T

Specs. 1 and 2 are described Spec. 2 repositioned

and Spec. 3 added

(a) Specifications: First Edition (b) Specifications: Revision A

Fig.5 Extraction of page layout-independent changes

Engineering Support Tool That Reduces Lead Time and Improves Quality, Accelerating DX 23

issue: Instrumentation, Control, and Information Systems Contributing to Automation and Energy Saving



image recognition technique is used according to the
layout within the page when extracting changes, un-
changed specifications are also extracted. To solve
this problem, this tool turns the characters, graphic
elements, and software elements that comprise the
specifications into a database and applies an original
algorithm that is independent of the layout within
the page to accurately identify changes such as addi-
tions, modifications and deletions. For example, even
if “Spec. 3” is added to Fig. 5(a) by repositioning “Spec.
2” as shown in Fig. 5 (b), only “Spec 3” will be displayed
as a change.
(2) Easy-to-see marking of changes

Figure 6 shows the easy-to-see marking of changes.
As shown in Fig. 6(a), when changes are displayed
in a detailed manner on the specifications, they may
not be easy to see, causing a reduction in readability.
To solve this problem, an algorithm for classifying
changes and determining visual overlap is applied,
resulting in easy-to-see views. As shown in Fig. 6
(b), when multiple changes of the same classification
overlap, the markings can be automatically combined.
This function eliminates the need for manual entry of
revision clouds, ensures that there are no oversights,
and enables accurate communication of changes to
other people. Greater accuracy in the visualization
of changes provides useful information to ensure that
design verification in engineering work and testing of
subsequent processes are carried out reliably.

3.5 Automatic recording of test results in control function
specifications
By adding input and output results of test data

TIC101_MV OUT~—~~INT-H, = |{OUT
TIC-101_MYV value +
E
D)0 G OUT =

Output 0%

Changes are visualized mechanically

(a) Mechanical representation

\

TIC101_MV ouT INIS | o= ouT
TIC-101_MV value

D)0 OUT
Output 0% SG

Perimeter is marked

Multiple changes merged for ease of viewing

(b) Merged representation

Fig.6 Easy-to-see marking of changes
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Fig.7 Test procedure and reports using monitor function

and evaluation fields, control function specifications
prepared using HEART can also be used as test pro-
cedures and reports. Figure 7 shows the use of test
procedures and reports for monitoring. During test-
ing, values processed by the controller and setting
values can be monitored on the specifications®, and
results can also be automatically evaluated. Through
automatic recording, it is possible to prevent testing
oversights and falsification of results, thereby ensuring
reliability as evidence. In addition, this tool supports
the automatic conversion of specification modifications
and additions that occur during testing into control
programs by modifying the control function specifica-
tions, allowing the user to efficiently retest and record
results simply by monitoring the modified specifica-
tions again.

3.6 Labor saving in reflecting results to project comple-
tion documents
Figure 8 shows the reverse engineering process

Reverse engineering Control program

(On-site program
is correct)

Control function
specifications

(a) Conventional process

= Control program

Logical consistency

Control function
specifications

(b) HEART

Fig.8 Reverse engineering for reflecting results to project
completion documents
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in reflecting results to project completion documents.
HEART automatically generates control programs
from control function specifications, eliminating the
need for reverse engineering and reducing the amount
of labor required for the preparation of project comple-
tion documents. When performing engineering work
on HEART, changes made due to mechanical or exter-
nal factors that could not be assumed before shipment
are always reflected in the control function specifica-
tions. For example, even if the system is to be revised
in a few years, problems such as inconsistency between
the control function specifications and the control pro-
grams will not occur.

4. Postscript

This paper has described a support tool that re-
duces engineering lead time and improves quality, ac-

celerating DX.

To further promote DX in engineering going for-
ward, we intend to provide optimal value to our cus-
tomers while responding quickly to the changing times
and user requirements, such as by adding cloud and
multi-engineering capabilities to engineering support
tools.
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Manufacturing Execution Systems Encouraging DX
on the Manufacturing Floor

NAKAJIMA, Takahiro*

KITAMURA, Takashi*

ABSTRACT

In recent years, the manufacturing industry has been accelerating the introduction of manufacturing execution
systems (MES) to improve the efficiency of manufacturing processes and enhance productivity and quality through
DX. MES can be interfaced with various systems to help improve product traceability and to quickly detect and solve
problems in production processes. Fuji Electric has developed a MES that can be used for various applications such
as food manufacturing by digitally twinning manufacturing floors as information models and systematically managing
them. The MES can share information models among model users, use information identifiers, and link manufactur-
ing information models with quality management information, allowing it to contribute to high productivity and quality.

1. Introduction

Digital Transformation (DX) refers to initiatives to
drive the improvement of business processes and inno-
vation by making advancements in information tech-
nology. In the manufacturing industry, DX is expected
to make manufacturing processes more efficient and
improve productivity and quality.

Among such initiatives, the adoption of manufac-
turing execution systems (MES) plays an essential
role in DX. MESs are systems that collect and analyze
data, as well as control and monitor production lines
on the manufacturing floor. They are useful for in-
creasing productivity and carrying out quality control
and inventory management. For example, they can
optimize the availability of production lines to increase
production volume. In addition, an MES works with
the core enterprise resource planning (ERP) system
to enable visualization of not only the manufactur-
ing floor but also entire supply chain, as well as data
sharing and analysis. This improves the traceability
of products and allows problems in the production pro-
cess to be detected and solved at an early stage.

This paper describes manufacturing execution sys-
tems that contribute to DX on the manufacturing floor.

2. Overview of Manufacturing Execution
Systems

2.1 What are manufacturing execution systems?
Manufacturing execution systems are information
systems used to understand and control the manu-
facturing process, as well as to instruct and support
workers. They are used in conjunction with each

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.
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manufacturing process on the factory production line.
The main functions include the 11 types® defined in
the MESA-11 (Manufacturing Enterprise Solutions
Association) model, such as work instruction manage-
ment, shipment management, quality management,
and maintenance management. This allows manufac-
turers to implement the necessary functions according
to the line of business and purpose to which they are
applying the system.

The applicable manufacturing industries can be
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Fig.1 Roles and positioning of the MES



roughly divided into two categories according to how
the products are made: discrete manufacturing, in
which raw materials and parts are processed and as-
sembled into products, and process manufacturing, in
which raw materials are sequentially input into manu-
facturing plants and other facilities. For example, the
manufacture of automobiles, machines, and their parts
falls under the discrete manufacturing category, while
the manufacture of materials, food, and pharmaceuti-
cals falls in the process manufacturing category. Fuji
Electric offers two types of MES package solutions tai-
lored to the characteristics of each category.

Figure 1 shows the roles and positioning of the
MES. At the top are the ERP and production manage-
ment systems, and at the bottom are control systems
such as distributed control systems (DCSs) and pro-
grammable logic controllers (PLCs), which are used
to manage manufacturing equipment. MES intercon-
nects the data of the top systems and the bottom sys-
tems.

At Fuyji Electric, we believe that the starting point
of the manufacturing industry lies in the manufactur-

ing activities performed at the worksite. As such, the
MES is positioned to function as a bridge between the
worksite and management.

2.2 Fuji Electric’s manufacturing execution system
Fuji Electric has provided the “MainGATE Series”
MES packages shown in Fig. 2 to a variety of custom-
ers in the food, chemical, and pharmaceutical indus-
tries, thereby contributing to the improvement of cus-
tomer productivity and quality. Fuji Electric has also
provided vertically integrated solutions by achieving
seamless synchronization with its DCSs and PLCs.
The following products are available according to
the function.
OMainGATE/PO: Production order deployment,
production orders
OMainGATE/EM: Manufacturing event manage-
ment, manufacturing progress monitoring
OMainGATE/IM: Master management
OMainGATE/PPA: Manufacturing performance
management, traceability
OMainGATE/MSPC: Quality trend management
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Fig.2 “MainGATE Series”
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They include the following features.

(a) Provision of modules for each MES function

(b) Ability to systematically expand functions, in-
cluding by partially introducing or switching
functions, while maintaining data consistency

(c) Provision of high-efficiency engineering tools

(d) Easy follow-up for additional manufacturing
items, changes in work procedures, addition of
equipment, etc.

(e) Free extraction of data according to purpose of
use

The most important feature is the availability of
engineering tools. We built a flexible and versatile
architecture for the engineering tools as the nature of
manufacturing has been transitioning from low-mix,
high-volume production to high-mix, low-volume pro-
duction. Using the tools can make the change to the
system in response to changes in procedures and the
addition of control items in manufacturing equipment.

However, it has come to light that the current
packages need to be improved in the following areas.

The database structure of the current packages use
the lot number and the batch number as keys. It does
not support data that is not linked to these keys, such
as inventory.

In addition, raw material management and other
work support functions that are positioned a level be-
low on the management hierarchy were provided sepa-
rately as add-on functions when requested individually

by customers.

To utilize the accumulated data for various needs,
such as operation, quality, and maintenance, employ-
ing highly flexible data structure is eligible, increasing
the demand for the adoption of open architectures that
facilitate data linkage. The current packages do not
specifically support data management with a focus on
equipment. Instead, each of them separately handles
data management from multiple perspectives, includ-
ing equipment.

3. New Manufacturing Execution System

A new MES package is under development to meet
new needs while retaining the features of the cur-
rent packages. The engineering functions of the pres-
ent systems are efficient because they are specific to
the implemented functions. However, it is difficult to
change the functions or use them for other purposes.
This new system uses a digital twin of the manufactur-
ing floor as an OPC UA information model*!. In this
way, the necessary information can be systematically
managed for various applications.

3.1 Information models and information objects

The new system expresses information in terms
of “information models” and the “information objects”
that they represent (see Fig. 3).

An information model refers to a basic model that

Information on

manufacturing

Information on factory equipment
O Names
O Models
O Attributes

Recipe information for making products
O Standards
O Raw materials and resources used
O Requirements

Information on how to make each product
(processes and operations)

O Processes

O Work orders

O Work contents

Model structured
according to
management
categories

Equipment '

information model

Work center 1

Equipment 1

Work center 2

Product recipe ‘

information model

Semi-finished product

Packaging material

Production ‘ ‘

information model

Production
Measurement

_ Manual measurement |

Advance preparations |

Input of raw materials]|

Database for
manufacturing

Equipment information object

Product recipe information object

Production information object

Fig.3 Overview of information models and information objects
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*1 OPC UA is a trademark or registered trademark of OPC
Foundation.
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standardizes information. Information objects are tan-
gible information related to equipment, products, and
materials on the manufacturing floor that are repre-
sented by the information model.

By defining an information model, manufacturing
standards for individual units such as companies and
factories can also be defined, and manufacturing can
be standardized that have been defined as individual
work procedures for individual units such as factories
and work zones. Standardization in manufacturing
will facilitate management and improve production ef-
ficiency and quality.

Worksite information related to manufacturing ex-
ecution can be classified into the following three types.
(1) Equipment information models and information

objects

These are models that express the composition of
production equipment segments on the manufactur-
ing floor. They correspond to the “process segments”
specified in ISA-95*2, To represent the physical con-
figuration of the worksite, the structure is represented
hierarchically. Generally, the hierarchy consists of the
following seven hierarchical levels.

(a) Factories

Factories for producing products
(b) Work zones

Factory units divided according to function
(c) Work centers

Production control units into which work zones
are further subdivided, used for issuing work orders
(d) Equipment types

Groups of equipment divided according to pur-
pose of use
(e) Equipment

Equipment physically separated according to
purpose of use
(f) Machinery

Units responsible for single control functions
such as preparation, agitation or temperature con-
trol
(g) Instrumentation

Control of pumps, valves, flowmeters, and other
instruments.

(2) Product recipe information models and informa-
tion objects

These are models that represent the composition
and attribute information of products, semi-finished
products, and intermediate products, as well as a reci-
pes (raw materials, packaging materials, and require-
ments) for production and quality control inspection
items. These correspond to the “operation segments”
specified in ISA-95. The structure for products is rep-
resented in the following hierarchy.

(a) Products

Mainly used in industry; refers to finished prod-
ucts resulting from the processing of raw materials
(b) Semi-finished products

Intermediate products that have not under-
gone all the steps necessary for completion. Semi-
finished products are those that can be sold or at
least stored outside of the process after undergoing
certain processing.
(¢) Intermediate products

Refers to products in intermediate manufactur-
ing processes. Products at this stage are subject to
sampling inspection to be checked for problems, and
if no problems are found, the subsequent process is
started. These are sometimes called intermediate
manufacturing products. Intermediate products are
half-finished products that will become completed
products after undergoing the subsequent manufac-
turing processes.
(d) By-products

Products (recovered goods) necessarily obtained
as a result of the processes used to produce some-
thing.
(e) Packing materials

Materials used in packaging. These materials
include paper, plastic film, wooden boxes, and card-
board boxes.
(f) Raw materials

The basic materials used to manufacture and
process products.

(3) Production information models and information
objects

Production information models are generally struc-
tured according to the ISA-88% procedure control
model. Each piece of production procedure information
in a production information model contains managed
data related to manufacturing, such as instruction val-
ues, results values, and measurement values.

Since quality inspection is also one of the produc-
tion procedures, quality inspection results are also
managed in conjunction with the production informa-
tion model.

3.2 Effects of information model application
(1) Advancing quality control efficiency

For products made in factories, quality control is
indispensable. Many factories have quality checklists
that are prepared and used manually. This new sys-
tem uses production information models to manage
not only production performance and measurement
values but also quality inspection results together with
production procedures. In this manner, it enables the
required checklists to be easily prepared by simply ar-

*2 ISA-95 is a collection of standards for information sys-
tems related to the manufacture of goods specified by the
ISA (International Society of Automation for automated
equipment).

*3 ISA-88 is the international standard for batch processing,
which suggests models for batch processing (including
processes, equipment, control, and management).
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ranging data for quality control.
(2) Utilization of accumulated data

30

(a) Utilization of information objects

The new system accumulates information about
production processes in a form that is linked to each
information object. As such, information can be
obtained by accessing information at the necessary
hierarchical level. When equipment is the focus,
the information can be accessed through equipment
information objects. Likewise, when raw materials
are the focus, information can be accessed through
product recipe information objects, and when pro-
duction is the focus, information can be accessed
through production information objects. As a result,
necessary information can easily be synchronized
between users who share information models, and
the data can be utilized for operations such as anal-
ysis and evaluation of information.
(b) Use of information identifiers

Information models manage the state of the
worksite in a hierarchical structure so that the nec-
essary information can be accessed by tracing the
hierarchy. However, when acquiring the production
results of equipment used for the production of mul-
tiple products, the information models alone are not
efficient because it is necessary to trace the produc-

tion information model of each product one by one.
To handle such applications, all information items
should be assigned information identifiers. In do-
ing so, the necessary information can be directly ac-
cessed by using the acquired information identifier
as a key.

4. Postscript

This paper has described a manufacturing execu-

tion system that contributes to DX on the manufactur-
ing floor.

Going forward, we will use information models

to design systems that link together not only Fuji
Electric products but also machinery and equipment
made by other manufacturers in order to provide cus-
tomers with solutions that implement our concept of
connected factories, which we have adopted in our own
operations. In doing so, we will continue to contribute
to the improvement of the productivity and quality of
the manufacturing operations of our customers.

References
(1) MESA International Whitepaper, https://www.mstc.

or.jp/mfgx/spec/ mesx-wp.pdf, (accessed 2023-03-24).
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Motion Controller Contributing to Automation of
Factory Equipment

KUBOSUMI, Hajime"

ABSTRACT

Motion controllers are being increasingly required to increase the speed and precision of industrial machinery
and equipment and improve the efficiency of equipment design, debugging, and start-up. To meet these customer
needs, we have developed the “MICREX-SX Series” CPU module. By executing sequence control and motion con-
trol in parallel, this module can improve application execution performance by a factor of four compared with conven-
tional products. It also supports EtherCAT, which is becoming increasingly popular as an open network, to enable
faster and more accurate machines. In addition, it can utilize motion control FBs and logging functions to dramatically
improve program development, debugging efficiency, and system reliability.

1. Introduction

Motion controllers are used to control the motion
of industrial robots and other industrial machinery
and equipment, thereby contributing to the automa-
tion of factory equipment. The handling of complex
operations and machining, reduced process time, and
improved precision are sought in industrial machin-
ery and equipment. As such, motion controllers are
required to have a level of performance that allows
them to control a greater number of control axes at
higher speeds. In addition, there is increasing demand
from customers for the ability to select control system
components with the best performance and price from
among multiple manufacturers, resulting in the rapid
popularization of EtherCAT*! as an open network ca-
pable of realizing such system configurations. Further-
more, there is demand for a logging function for obtain-
ing and visualizing control information to improve the
efficiency of equipment design, debugging, and start of
production; to determine the cause of failures; and to
shorten response times.

In response to these market demands, Fuji Electric
has developed new CPU modules for the “MICREX-SX
Series” of integrated controllers for control, operation
and monitoring. One of these is the “SPH5000M,”
which is compatible with the “E-SX bus,” which real-
izes fast and highly accurate control performance. The
other is the “SPH5000EC,” which is compatible with
EtherCAT and logging functions. This paper describes

*1 EtherCAT is a trademark or registered trademark of
Beckhoff Automation GmbH

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.

the SPH5000EC.
2. Features of the “SPH5000EC”

When the EtherCAT-compatible SPH5000EC is
used as a motion controller, motion control programs
can be executed four times faster than when using the
conventional product, the “SPH3000D.”

Figure 1 shows an example of a motion control
system configuration that uses the SPH5000EC, Fig.
2 shows an example of coordinated high-speed control
via an enhanced processor bus, and Table 1 shows the
main features of the SPH5000EC. In addition, Fig. 3

SPH5000EC

Programming support tool
Expert (D300win)
or Standard

EtherCAT *!-compatible devices

1

1

1

- 1
Communi- 1
; ! 0
1

1

1

1

1

1

1

1

i

U cation unit

| (CUR-09)

| EtherCAT

| slaves from various
1 manufacturers v

Servo system

ALPHA7 MONITOUCH V9

Various function

modules Servo system HMI *2

*1 EtherCAT is a trademark or registered trademark of Beckhoff Automation GmbH.
*2 HMI: Human Machine Interface

Fig.1 Example of a motion control system configuration that
uses the “SPH5000EC”
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Baseboard with an enhanced processor bus
(Transmission rate: 25 times faster than the previous product)

O High-speed data coordination
between CPU modules

O New processor bus that integrates
3 CPU modules

Sequence Multiaxial high-speed AT* algorithm
program synchronous positioning program computation

*Al: Artificial intelligence

Fig.2 Example of coordinated high-speed control via an
enhanced processor bus

Table 1 Main features of the “SPH5000EC”

Feature Details
Application Multi-core microcomputer achieving
execution per- 4 times the speed of the previous model,
formance the SPH3000D
Large capacity | Program memory: 512 Ksteps
memory Data memory: 5,120 Kwords
Data Maintenance-free battery with battery-less
backup data backup method
Information Gigabit Ethernet*! high-speed communica-

network tions

Motion network | Support for EtherCAT*?

Enhanced processor bus achieving 25

Data transmis- | times the transmission rate of the previous
sion between product

multiple CPUs | Parallel execution of 3 SPH5000EC units for
high-speed control

Data collected inside the controller without
affecting control, stored on an SD card, and
displayed and replicated on a PC
(Supported formats: NP1PA1C-256E,
NP1PA1C-512E)

Logging func-
tion

+1 Ethernet is a trademark or registered trademark of FUJIFILM Business
Innovation Corporation

«2 EtherCAT is a trademark or registered trademark of Beckhoff Automation
GmbH

(Basic instruction execution time)

SPH3000D | 9ns

X (&=10x specd ===

(Application computational performance: At 256 Ksteps)

SPH5000EC

SPH3000D | 29.7ms

SPH5000EC (1 core) h 7.8X speed Emmm]

(Motion control performance)

SPH3000D | 16 axes/2 ms

SPH5000EC

16 axes/0.5 ms «4X speed Emm——=]

compares its application execution performance with
that of the SPH3000D.

3. Technology to Support Increased Speed and
Reduction of System Construction Cost

3.1 EtherCAT communication technology

With the SPH5000EC, an open network can be
configured by installing an EtherCAT communication
port with high-speed and real-time performance on the
front of the module.

Figure 4 shows the configuration of an EtherCAT
system. As an EtherCAT master, the SPH5000EC can
connect to various EtherCAT slaves, allowing a flexible
system to be constructed by combining up to 238 slave
devices to meet customer requirements. Such devices
include Fuji Electric’s “ALPHA7” servo system and
“MONITOUCH V9” programmable display, as well as
equipment made by other manufacturers.

In addition, when combined with a baseboard
equipped with an enhanced processor bus, up to three
SPH5000EC units can operate in synchronization with
the control cycle.

For example, multi-axis motion control is possible
for a maximum of 48 axes when the control cycle is set
to a minimum of 0.5 ms (using three SPH5000EC units
with 16 axes per EtherCAT line) and for a maximum
of 192 axes (using three SPH5000ECs with 64 axes per
EtherCAT line) when the control cycle is set to 2 ms.

In addition, as shown in Fig. 5, the SPH5000EC
supports the EtherCAT Hot Connect function and is
capable of connecting and disconnecting slaves while
operating as the EtherCAT master. Since the con-
figuration can include unconnected slaves at the end
or in the middle of the network, the system configura-
tion can be a mixture of required slaves and optionally
added slaves.

Accordingly, we have developed an EtherCAT con-
figurator that can be used to efficiently configure a flex-
ible system.

As shown in Fig. 6, the EtherCAT network can be
configured by launching the EtherCAT configurator
from the “Expert (D300win)” programming support
tool. Batch management of EtherCAT master and
slave configurations can be performed in tree view by

Fig. 3 Application execution performance comparison
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Up to 238 slaves (up to 64 servo axes)
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* EtherCAT is a trademark or registered trademark of Beckhoff Automation GmbH

Fig.4 EtherCAT system configuration
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Fig.6 EtherCAT configurator

using simple operations, and the combined use of the
Expert (D300win) and the EtherCAT configurator en-
ables the configuration of flexible systems that include
original Fuji Electric networks, such as SX bus, E-SX
bus and T-Link.

3.2 Various motion control libraries

In addition to Fuji Electric’s original motion con-
trol function blocks (FBs), we developed motion control
FBs that conform to PLCopen*? specifications as func-
tional software that reduces the system construction
cost borne by the user.

With Fuji Electric’s original motion control FBs,
various motion controls such as point to point (PTP)
positioning, linear interpolation, arc interpolation, in-
terrupt positioning, and synchronous operation can be
easily realized. Furthermore, the motion control FBs

*2 PLCopen is a third-party organization that promotes the
international TEC 61131-3 standard for PLC program-
ming and formulates the specifications of and certifies
standardized function blocks independent of vendors. It
is also a trademark or registered trademark of the PLCo-
pen association.

Motion Controller Contributing to Automation of Factory Equipment

Fig.7 Example application of motion control FBs

that conform to PLCopen specifications enable the re-
duction of hardware dependency and improve the reus-
ability of user programs. They can also reduce train-
ing and support costs.

By combining these various FBs, users can con-
struct motion programs for large-scale systems in a
short amount of time and freely configure functions re-
quired by the machine for each axis. Figure 7 shows an
example of the application of motion control FBs. The
reuse of FBs can dramatically improve program de-
velopment efficiency, debugging efficiency and system
reliability.

3.3 User data logging technology

We have equipped the CPU module of the
SPH5000EC with a newly developed logging function.
By using the logging function, it is possible to store any
user data in the CPU module at any time without af-
fecting the scan time of the application.

By using the simultaneously developed user pro-
gram and waveform display tools, it becomes possible
to visualize saved chronological user data on the wave-
form or program monitor, and use it for user program
debugging and analysis of failure causes.

Figure 8 illustrates the collection modes of the user
data logging function. SPH5000EC has a trigger mode
and a trace mode for logging user data.

In trigger mode, user data before and after a trig-
ger condition specified by the user can be collected for
a specified number of samples and stored on the SD
card. This mode is useful for understanding the behav-
ior of the application before and after an error terminal
of an FB or another component is turned on, or to store
the quality information before and after each manufac-
turing cycle.

On the other hand, in trace mode, user data can be
continuously collected at any time specified by the user
and stored on the SD card for each fixed size specified
by the user. This mode enables the user to learn about
the quality characteristics and other characteristics
from changes in data that is continuously collected at
fixed times.

Figure 9 shows the SX monitor and waveform mon-
itor integration function. All of the application data
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Fig.9 SX monitor and waveform monitor integration function

can be saved at each scan, and the SX and waveform
monitors can be used in combination to replicate the
behavior of the application from the user’s desk. By
integrating the display of the SX monitor with that of
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Fig.10 Example of a packaging machinery system that uses
the “SPH5000EC”

the waveform monitor, and by making it possible to
advance and reverse the frame, the behavior of the ap-
plication can be debugged at every scan.

In addition, data can be continuously acquired at
regular times such as daily, hourly, every minute, or
every second, or at regular intervals that are integral
multiples of the tact period, and it can be used to col-
lect information on the operating status of the equip-
ment and the production status.

4. Application Example

This chapter covers a case study of the application
of the SPH5000EC to a packaging machinery system.

The packaging machinery system uses multiple
sensors and actuators to perform sequence control and
motion control. In particular, high-speed and high-
precision motion control is required to improve produc-
tivity and quality.

In the previous packaging machinery system that
used the SPH3000D, sequence control and motion con-
trol needed to be performed by one single-core micro-
computer, making it difficult to achieve higher speeds.

The SPH5000EC has a system configuration that
utilizes a multi-core computation execution engine.
Figure 10 shows an example application of a packaging
machinery system that uses the SPH5000EC.

This system performs sequence control with one
computation execution engine and motion control with
the other, thereby achieving integration of the se-
quence control and motion control functions of the pre-
vious configuration.

5. Postscript

This paper has described a motion controller that
contributes to the automation of factory equipment.
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The use of the “MICREX-SX SPH5000EC” for mo-
tion control applications improves the performance
of sequence control and multi-axis high-speed syn-
chronous control and further increases the speed and
accuracy of machines, thereby improving production
efficiency. Furthermore, by incorporating artificial in-
telligence (AI) algorithms such as multivariate statisti-
cal process control (MSPC), this controller can also be

Motion Controller Contributing to Automation of Factory Equipment

used for the diagnosis of defects in FA systems.
Going forward, we intend to expand the application
of controllers to solve problems at manufacturing sites.

References

(1) Shimokawa, T. et al. “MICREX-SX SPH5000M” Motion
Controller. FUJI ELECTRIC REVIEW. 2020, vol.66,
no.1, p.22-27.
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Differential and Gauge Pressure Transmitters That
Sophisticate Plant Monitoring and Control Systems

YAMASHITA, Shinichiro® SAKAUE, Satoru®

ABSTRACT

Since its release in 1989, Fuji Electric’'s “FCX Series” of pressure transmitters have been used to monitor and
control plants in various industries. The “FCX-A IV Series,” the latest model developed to meet new needs, utilizes a
capacitive pressure sensor to achieve high measurement accuracy and long-term stability, as well as fast response,
high visibility, and better operability. Its unique structure allows this series to be used for hydrogen permeation resis-
tance applications, and its use of optimal materials enables it to be utilized for corrosion resistance applications. Fur-
thermore, the series uses piezo pressure sensors for applications that require ultra-high pressure resistance beyond

the application range of capacitive pressure sensors.

1. Introduction

Since its release in 1989, Fuji Electric’s “FCX
Series” of pressure transmitters has been used to mon-
itor and control plants in various industries, including
chemicals, steel, waste treatment, oil and gas, while
continuing to evolve in function and performance®.
This paper describes the latest “FCX-A IV Series” of
pressure transmitter models, which have been de-
signed for greater reliability and ease of use to meet
the new needs of customers.

2. Overview of the “FCX-AIV Series”

For the heart of the pressure detection unit, the
FCX-A IV Series uses capacitive pressure sensors
with an extensive track record, thereby achieving high
measurement accuracy, while the optimized structure
provides long term stability. In addition, the signal
processing component has been enhanced to shorten
the measurement cycle. A wealth of variations are
available to support a wide range of applications. As
an example, for fields requiring functional safety, the
products have acquired Safety Integrity Level (SIL) 2
certification for the IEC 61508 international standard.
In addition to a model with hydrogen permeation re-
sistance, which is required for hydrogen production
equipment, and a model with corrosion resistance that
can be applied to various acid and alkali handling
equipment, our lineup includes a model that can be
used under high temperatures and high vacuum. Fur-
thermore, we also offer a model with piezo pressure
sensors in the detecting unit for applications that re-
quire ultra-high pressure resistance, such as offshore

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.
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Fig.1 “FCX-A IV Series” of pressure transmitters

oil fields. Figure 1 shows the appearance of the FCX-A
IV Series of differential and gauge pressure transmit-
ters.

3. Features of the “FCX-A IV Series”

3.1 High accuracy and long-term stability
The capacitive pressure sensor used in the pres-
sure detectig unit has higher sensitivity than other
measuring systems, and it is made of a single-crystal
silicon material, which has small hysteresis, resulting
in excellent stability and reproducibility. In addition,
the optimized structure has realized output with long-
term stability. Furthermore, the advanced floating cell
structure, in which the sensor floats in an incompress-
ible fluid, protects the sensor from various harsh en-
vironments and excels in ensuring the stability of the
sensor. With these features, the following performance
characteristics have been achieved.
(a) High accuracy measurement: +0.065% (stan-
dard)



Type: FKCS35V6 (maximum span of 130 kPa)
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Fig.2 Zero shift data of the “FCX-A IV Series”

(b) Long-term stability: £0.1%/5 years
Figure 2 shows the zero shift data of the FCX-A IV
Series.

3.2 High-speed response

Distributed control systems (DCS), responsible for
controlling plant operations, have become faster and
more reliable as digital transformation (DX) has pro-
gressed, and accordingly, higher accuracy and higher
speed are required also for field equipment such as
transmitters. The performance of the FCX-A IV Series
has been improved compared to the previous series due
to the adoption of a high-speed CPU and the optimiza-
tion of software processing, resulting in the highest
level of responsiveness (update cycle of 40 ms, dead
time of 60 ms) available in pressure transmitters. It
is suitable for processes such as steam flow rate mea-
surement for gas turbines that require high-speed re-
sponse. Figure 3 shows the output response character-
istics of the FCX-A IV Series.

3.3 Excellent visualization and usability

The equipped digital indicator shows digital mea-
surements and units simultaneously, helping users
gain an accurate understanding of the data. When an

I~ FCX-A IV output

5 Input pressure
f’c!f change
E Dead time 60 ms
i (Conventional product: 120 ms)
[ [1v 100 ms
L L L L L L ; ;
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* 4 to 20 mA output converted to 1 to 5V with 250 Q resistor

Fig.3 Output response characteristics of the “FCX-A IV Series”
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Fig.4 Appearance of the “FCX-A IV Series” digital indicator

abnormality occurs, an error code is also displayed,
making it possible to quickly understand the situation
and respond to the abnormality. The FCX-A IV Series
also provides an additional bar graph display, allowing
users to understand the situation intuitively. All pa-
rameters built into the digital indicator can be config-
ured and adjusted without opening the indicator cover
by using non-contact switches from the outside. Figure
4 shows the appearance of an FCX-A IV Series digital
indicator.

3.4 Acquisition of SIL2 certification

This series is compliant with the TEC 61508 safety
standard and has obtained SIL2 certification. It can be
used in fields requiring functional safety. Further, im-
plementing redundancy (combination) with two trans-
mitters can achieve the level equivalent to SIL3 certi-
fication.

3.5 HART* communication support

The series is equipped with HART protocol output
as standard and supports HART communication (the
latest version, Revision 7), which can be easily coor-
dinated across international worksites. Synchroniza-
tion with a higher level controller enables engineering,
monitoring, and equipment management for the HART
system.

3.6 Responses to various applications

(a) Hydrogen permeation resistant applications

If a measured object contains hydrogen, a slight
electromotive force is generated in the pressure-
receiving diaphragm part of the transmitter, which
is composed of dissimilar metals, and the hydrogen
ions align there and permeate into the diaphragm.
This is called the hydrogen permeation phenom-
enon, which will hinder accurate measurement. As
a countermeasure, hydrogen permeation can be sup-
pressed over long periods of time by applying gold
plating to the seal diaphragm base material and

* HART 1is a trademark or registered trademark of
FieldComm Group.
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forming a gold-ceramic coating seal diaphragm with
a ceramic film as an insulator. This structure is an
original Fuji Electric technology that contributes to
accurate hydrogen measurement at hydrogen purifi-
cation plants and other facilities. Figure 5 shows the
structure of a gold-ceramic coated seal diaphragm.
(b) Corrosion-resistant applications

In addition to hastelloy-C, monel, and tantalum,
we offer titanium and zirconium as seal diaphragm
materials. Selecting the optimal materials from a
wide range of corrosion-resistant options can reduce
the frequency of maintenance operations to deal
with corrosion.

4. For Ultra-High Pressure Applications

4.1 Limitations of capacitance pressure sensors

In many offshore oil fields where pressure trans-
mitters are used, the pressure is approximately
100 MPa. However, in recent years, as the depth of
oil fields has increased, the pressure has exceeded
130 MPa in some fields. Under such ultra-high pres-
sure, it becomes difficult to apply capasitive pressure
sensors. The detected capacitance is determined by
the electrode area, the distance between electrodes,
and the permittivity of the sealed oil that fills the
space between electrodes. However, the permittiv-
ity of the sealed oil changes according to the pressure,
and the difference in the permittivity between the
high pressure side and the low pressure side of the
sensor increases in the high pressure range, resulting
in errors. In addition, in the low pressure region, the
capacitance is formed by a uniform gap formed by elec-
trodes positioned opposite to each other in parallel, but
in the high pressure region, the diaphragm becomes
deformed, causing the gap to become uneven, which
also results in errors. In addition, fluids measured in
offshore oil fields, such as crude oil, groundwater and
water vapor, contain hydrogen sulfide and salt, which
are highly corrosive. For this reason, high corrosion
resistance is essential for wetted parts such as seal
diaphragms.
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4.2 Ultra-high pressure capacity with piezo pressure
sensors

We have developed a model that uses piezo pres-
sure sensors for ultra-high pressure applications. Fig-
ure 6 shows the appearance of a pressure transmitter
for ultra-high pressure applications.

The piezo pressure sensor detects the stress gener-
ated in the diaphragm by the pressure as a change in
the piezo resistance value. The piezo pressure sensor
is manufactured by forming a resistor and a wiring
pattern on the surface of a silicon substrate, as well as
a diaphragm on the back using dry etching, then us-
ing surface activated bonding to bond it together with
a glass substrate before cutting them into the shape of
a chip. As shown in Fig. 7, the structure of the chip is
very simple. In addition, since substrates are bonded
directly to each other at normal temperatures when
using surface activated bonding, the high tempera-
tures and high voltages applied in the commonly used
anodic bonding technique are avoided, which means
that deterioration of the substrates and residual stress
do not occur. Compared to capasitive pressure sen-
sors, there are fewer parts that deform and become er-
ror factors. For this reason, pressure can be detected

Fig.6 Pressure transmitter for ultra-high pressure applications
(with a built-in piezo pressure sensor)
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Fig.7 Piezo pressure sensor structure
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Table 1 “FCX-AIV Series” lineup

Type FKC FKG FKA FKE FKB FKD FKP FKH
dg e
A A Remote i i
seal type Absolute Ultra-high
Differential Gauge Absolute Level Remote differential | Pressure pressure pressure
pressure pressure pressure seal type pressure (Direct (Direct (piezo direct
(flow rate) Pressure (flow rate) mount) mount) mount)
1 130 16 32 130 32 130 130 70,000
Maximum 6 500 130 130 500 130 500 500 150,000
span 32 3,000 500 500 3,000 500 3,000 3,000
(kPa) 130 10,000 3,000 10,000 10,000
[URL] 500 50,000 50,000
3,000
Mass (kg) Approx. 9 | Approx.4 | Approx. 9
(No indicator) 8.1 2.9 2.9 to 19 to 18 to 19 1.8 18 1.6
f;ct"ifgacy +0.065% +0.2% +0.2% +0.2% +0.2% +0.1% +0.2% +0.065%
316L SS 316L SS 316L SS 316L SS Inconel 625
Hastelloy-c Hastelloy-c Hastelloy-c Inconel
Diavh Monel Monel Monel 625 +
latp }t‘algm Tantalum Tantalum Tantalum Gold plat-
materia 316L SS gold plating Titanium ing
Gold & ceramic coating Zirconium
316L SS gold plating
Process
. NPT 1/2, Re 1/4, Rc 1/2, | Autoclave
annect}on Rc1/4 Flange standards NPT 1/4 F250C
imensions
Span setting range: 1 to 1/100 URL Supported communication protocol: HART
Measurement period: 40 msec Other additional specifications: Digital indicator, Degreasing,
Shared speci- Temperature range (wetted parts): —40°C to +120°C Cleaning for oxygen service*?,
fications P (High temperature type available)*! Chlorine measurement, Stainless
Ambient temperature: —40°C to +85°C steel tag plate, Local configura-
Power supply voltage: 10.5 to 45V DC tion function®?
Output signal: 4 to 20 mA DC

*1 FKR: —40°C to +100°C
*2 FKR: Cleaning for oxygen service not selectable
*3 FKR: Chlorine measurement not selectable

without a decline in measurement accuracy even under
ultra-high pressure.

In addition, to enhance the corrosion resistance of
the seal diaphragm that comes in contact with corro-
sive, high-pressure measuring fluids, we used inconel,
a material with high mechanical stress sustainability
and good corrosion resistance.

Table 1 shows the lineup of the FCX-A IV Series
with the features described above.

5. Postscript

This paper described the “FCX-A IV Series” of dif-

ferential and gauge pressure transmitters, which con-
tributes to the enhancement of plant monitoring and
control systems. We will continue to make efforts to
expand our product lines to meet the diverse needs of
our customers, thereby contributing to the advance-
ment of more sophisticated energy saving control and
automation.
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Performance Test System Reproduces the Usage
Environment of EV Drive Components

OTAKE, Katsutomo®

MIHARU, Tsutomu®

MIYAMOTO, Hiroyoshi*

ABSTRACT

The electrification of automobiles has been progressing rapidly today in the face of global emissions regula-
tions and decarbonization. As electric vehicles (EVs) especially use complex control, the labor-hours for testing can
significantly increase to develop them and demand has been increasing for EV test equipment. In response to this
demand, Fuji Electric has developed an EV drive component performance test system. The system can simulate the
load during actual road driving and actual environmental testing factors of temperature and humidity to improve test

efficiency and reliability.

1. Introduction

In the automotive industry, electrification has
been progressing rapidly in the face of global emissions
regulations and decarbonization, and it is estimated
that approximately 55% of the vehicles sold in Japan
in fiscal 2030 will be electric vehicles (EVs)®. Unlike
gasoline-powered or diesel-powered vehicles, EVs use
complex control. For this reason, the labor hours re-
quired to test them may be significantly higher, and
demand has been increasing for EV test equipment to
improve reliability and test efficiency.

In response to this demand, Fuji Electric has de-
veloped an EV drive component performance test sys-
tem.

This paper describes a performance test system
that reproduces the usage environment of EV drive
components.

2. Overview of the EV Drive Component
Performance Test System

The EV drive component performance test system
consists of an EV drive component performance tester,
a thermostatic chamber, and a temperature controller.
This system can reproducing realistic driving environ-
ments to test EV drive components, such as motors,
inverters, and decelerators.

Figure 1 shows the EV drive component perfor-
mance test system.

In order to reduce their size and weight, progress
is being made in the rotation speed of EV motors, with
the maximum speed reaching 20,000 r/min. In addi-
tion, the thermal environment of in-vehicle parts has

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.

40

unit
Temperature controller
Thermostatic chamber

EV* drive component
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* EV: Electric Vehicle

Fig.1 EV drive component performance test system

become extreme due to the high-speed rotation and
dense concentration of EV motors, inverters, and elec-
tronic parts. Therefore, it is necessary to evaluate
whether any problems in performance and reliability
arise under extreme temperature environments.

2.1 EV drive component performance tester

The EV drive component performance tester is
designed to evaluate a single specimen, simulating
the load in actual road driving conditions. This tester
is composed of a dynamometer for generating a load
on the specimen and reproducing load states such as
driving conditions, a torque meter for measuring the
rotational force applied to the shaft between the dyna-
mometer and the drive components, an intermediate
bearing for supporting and reducing the load applied to
the dynamometer and the drive components, an angle
plate for attaching an EV motor, and a rack for assem-
bling these parts. Figure 2 shows the EV drive compo-
nent performance tester (main unit).

For EV motors, high-speed rotation is indispens-
able for achieving both size and weight reduction, as



Intermediate bearing

Torque meter

Dynamometer

Rack

Fig.2 EV drive component performance tester (main unit)

well as high power. It is necessary to deal with spe-
cific problems caused by high-speed rotation in the test
equipment. A high-speed rotating system requires the
characteristic vibrations of the system to be detuned
according to the rotation speed of the specimen to sup-
press the generation of resonance, as well as a cooling
system and auxiliary equipment for lubrication due to
the rise in temperature in the system caused by high-
speed operation. For these reasons, the mechanical
configuration becomes complex, resulting in more me-
chanical challenges than electrical challenges.

2.2 Thermostatic chamber and temperature controller

The thermostatic chamber and temperature con-
troller are for reproducing the usage environment,
including temperature and humidity in the thermo-
static chamber. This system comprises a temperature
controller for controlling temperature and humidity in
the thermostatic chamber, a cooling unit for supplying
refrigerant to a cooler in the temperature controller, a
humidifier for supplying moisture, and other compo-
nents. Figure 3 shows a diagram of the thermostatic
chamber and temperature controller configuration.

In electric vehicles, the amount of heat generated
by electronic parts has increased due to the reduced
size and increase in capacity of motors, inverters, bat-
teries, and other components, as well as the integra-

tion of these components in limited spaces. The in-
Temperature
@ controller @ 1
Supply air duct
1 I
N Humidifier
I 1
Thermo-
L
chamber
Cooling
unit
¢ vl
I Lkl 2 N

Fig.3 Thermostatic chamber and temperature controller
configuration diagram

crease in the amount of heat generated by electronic
parts may decrease their performance or shorten their
life. Automakers and auto parts suppliers are increas-
ingly required to evaluate the reliability of electronic
parts from the viewpoint of safety and security and
must verify quality through rigorous testing in various
realistic simulated driving environments. However,
small-capacity products for evaluating small parts
are common for environmental test equipment, while
large-capacity equipment for evaluating medium- and
large-sized auto parts in the driven state is rare. In
addition, equipment that simulates the temperature
environment while absorbing the exothermic load
fluctuation of the unit is expensive because they are
one-off products, rather than general-purpose product.
For this reason, many of this type have not been intro-
duced in the market. Therefore, evaluation tests are
often conducted in a natural progression according to a
cold or hot start.

3. EV Drive Component Performance Tester
Features

3.1 Challenges

In the high-speed rotation tests, the resonance
may cause sudden wear and tear of the bearing and
increase the swing of the rotating shaft system, lead-
ing to failure. To avoid machine breakage, it is neces-
sary to separate the characteristic vibrations from the
rotational frequency of the test equipment. As a coun-
termeasure, it is effective to increase the rigidity and
reduce the weight of the EV drive component perfor-
mance tester. In addition, to reduce centrifugal force,
the design must take into account the dynamic balance
adjustment of the rotating shaft.

As the increase in energy in high-speed rotation
tests results in a large amount of generated heat, flak-
ing failure may occur due to bearing seizure caused by
poor lubrication. Therefore, oil is commonly used to lu-
bricate and cool the bearing simultaneously. However,
when oil lubrication is used, the machine configura-
tion must include an oil pump and a heat exchanger,
leading to increased complexity. Furthermore, the
surrounding area becomes contaminated by oil mist,
and as a result, the scope of equipment maintenance
expands. For this reason, many users have asked to
avoid the use of oil lubrication if possible.

3.2 Countermeasures and effects

When developing highly-reliable, high-speed rotat-
ing test equipment, it is necessary to predict the char-
acteristic vibrations of the equipment at the design
stage to ensure suitable rigidity of the structure. We
set the vibration frequency to 333 Hz (20,000 r/min) at
the driving rotational speed and the detuning rate* to

* Detuning rate: Separation rate with respect to the rated
speed of the resonant speed
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Fig.4 Vibration modes of the EV drive component performance
tester and primary characteristic vibration analysis
results

approximately 20% as the design value. In the design
of the test equipment, we conducted vibration analysis
using the finite element method and obtained charac-
teristic vibrations. Based on the analysis results, we
adjusted the beam and thickness to optimize the struc-
ture by balancing the high rigidity and light weight of
the equipment.

Figure 4 shows the vibration modes of the EV drive
component performance tester and the primary charac-
teristic vibration analysis results.

As a result of structural optimization, the charac-
teristic vibrations of the primary vibration mode was
401.75 Hz, and a detuning rate of 20.4% was ensured
against the rotational frequency vibrations (333 Hz).

In addition, we measured the vibrations by actu-
ally operating the equipment to confirm the validity
for the resonance examination. In the measurement,
we evaluated the intermediate bearing, which is most
likely to generate vibrations because it supports the
weight of the rotating body, and the rack, which is af-
fected by vibrations from the whole rotating system.
With regard to the evaluation criterion for vibration
measurement, the limit value for vibration speed was
set to 2.8 mm/s or less in accordance with JIS B 0906
to determine whether the measured vibration value
was a normal value or an abnormal value.

Table 1 shows the measurement results of the vi-
bration level of the EV drive component performance
tester. The vibration speed of 2.8 mm/s or less was
cleared at all measurement points, and the desired vi-
bration level was achieved under high-speed rotation.

The intermediate bearing uses grease lubrication
instead of oil lubrication. The advantage of grease lu-
brication is that it does not require disassembly work
for the equipment piping or other components, nor
does it require internal oil treatment work. Instead,
only the simple task of greasing is required for mainte-
nance. Although grease lubrication means good main-
tainability, the cooling efficiency is lower than that of
oil lubrication, so care must be taken to prevent sei-
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Table 1 Measurement results of the vibration level of the EV drive
component performance tester

Subject Intermediate bearing

Measuring point Specimen side Dynamometer side

Vibration direc- . Hori- | Verti- . Hori- | Verti-
f Axial Axial
tion zontal | cal zontal | cal

Vibration speed
(mm/s)

Subject Rack

Specimen side Dynamometer side

1.87 | 1.82 | 0.01 | 0.01 | 2.52 | 1.99

Measuring point

Vibration direc- . Hori- | Verti- . Hori- | Verti-
. Axial Axial
tion zontal | cal zontal | cal

Vibration speed | 3 | 43 | 026 | 0.27 | 0.48 | 0.25
(mm/s)

Table 2 Intermediate bearing temperature measurement results

Dynamometer rotational speed
(r/min)
20,000
Specimen side 60
temperature (°C)
Dynamometer side 57
temperature (°C)

zures caused by temperature rise.

In this design, we set the upper limit temperature
of the bearing to 120°C or less and examined the fol-
lowing three points as key considerations for suppress-
ing temperature rise in the intermediate bearing by re-
ducing the vibration of the bearing, improving the ro-
tation accuracy, and properly lubricating the bearing.
(1) Examination of the suppression of centrifugal

force

We determined the balance grade to reduce to a
target value the spherical surface pressure of the bear-
ing due to centrifugal force.

(2) Selecting pressurization that takes into account
rotation accuracy and lubrication

Axial-direction constant surface pressure is de-
signed to be applied to the bearing in spite of against
temperature changes.

(3) Selecting a lubricant agent

We selected urea grease for its heat resistance.

To confirm the validity of this design, we measured
the temperature of the intermediate bearing.

Table 2 shows the intermediate bearing tempera-
ture measurement results. The results of the tempera-
ture measurements were within the upper limit of use.

4. Temperature Controller Features

4.1 Challenges

Automotive tests include soaking operation and
mode tests. As soaking operations stop until the speci-
men reaches the test temperature, no heating load is
involved, and the cooling unit stops due to the light
load. The stopped cooling unit cannot provide constant
cooling performance or maintain stable temperatures

FUJI ELECTRIC REVIEW vol.69 no.1 2023



because it restarts after a restart prevention delay
time has elapsed. On the other hand, in the mode test,
the heating load fluctuates greatly between 0% and
100%, and the equipment must be optimally controlled
to track the temperature according to the fluctuations.
We consider these problems to be challenges to
tackle in the process of achieving the following targets
in equipment development.
(a) Temperature tracking performance within £1°C
with respect to thermal load fluctuation
(b) Construction of an environment that enables
continuous operation even in low temperature
environments
(c) Minimization of installation area, ancillary
work, and adjustment time
The conventional method of constructing an au-
tomobile test environment is to combine heat source
equipment that produce normal temperatures, low
temperatures, and high temperatures at the test site.
In this development project, we have integrated and
optimized heat source equipment of all temperature
ranges as a means of addressing these challenges.

4.2 Countermeasures and effects
To achieve a temperature tracking performance
within +1°C with respect to heat load fluctuations, it
is necessary to prevent stoppage and hunting of the
cooling unit to ensure stable operation regardless of
the state of heat load fluctuations. Figure 5 shows the
configuration of a temperature controller configuration.
(a) As a countermeasure against light load stoppage
of the cooling unit during soaking operations,
heat is output from electric heater (a) installed
on the primary side of evaporator (a), and the
heat load is applied to evaporator (a) to continue
operation of the cooling unit, as shown in Fig. 5.
On the other hand, in the mode test, the refrig-
erant flow rate is controlled by expansion valve

s e |_T_|

Return air v
o ,# 1 , Electric heater (a)
Treated air ’Si/ Evaporator (a)

Outside air

Supply
air

Y ﬁ

Evaporati?)n_ .
ressure regu- Expansion
Pres- q ating valve (a) |fll valve (a)
I sure Q@ =)
sensor
@ |, P o
'empera-
t l ture CD® & &
&= Sensor
¥ ) R o
Expansion D D
valve (b) B3, ‘o Evaporator|(b)
“TE ti -~
D $ = D% e o Cooling
@@ :i lating valve (b unit
Dl Evaporation pressure regulating valve (c)
Outside air P P 8 g

(a), and the evaporation pressure is controlled
by evaporation pressure regulating valve (a)
according to the exothermic load fluctuations
of the specimen. In addition, we found the op-
timum value of the variable PID control of the
electric heater before and after evaporator (a),
while simultaneously ensuring the continued op-
eration of the cooling unit.

(b) Using the return refrigerant piping at the outlet
of the dehumidifier system that was integrated
with the cooling unit system, a suction injection
circuit is formed. As a result, the intake pip-
ing gas temperature of the compressor is kept
within the specified value, and continuous op-
eration of the cooling unit is ensured even under
light load with an elevated temperature setting.
Figure 6 shows the cooling circuits.

(¢) Deviating from the practice of using different
cooling units selected from the viewpoint of ef-
ficiency for evaporators of different temperature
zones and using low-temperature cooling units
to achieve —40°C, we adopted a cooling unit that
can respond to large load fluctuations. While
the refrigerant of conventional equipment is
R404A (boiling point of —46.1°C), the refriger-
ant in the newly developed equipment is R410A
(boiling point of —51.4°C). Figure 7 shows the
capacity control of the cooling unit for the con-
ventional equipment as compared to the newly
developed cooling unit. The conventional equip-
ment consists of a medium-temperature inverter
and a cryogenic constant-speed machine, but
the newly developed equipment uses an inverter
that can cover the entire temperature range, en-
abling stable capacity control against load fluc-
tuations.

Figure 8 shows the load tracking performance dur-
ing the mode test. As shown in Fig. 8, as a result of
the measures in (a) and (b), a highly accurate load
tracker with an air supply temperature in the range of
—40%1°C has been achieved, even when the load fluc-

Condenser. .
Capacity
é_ﬁm regulating W
valve
(AN
i Compres-
sor intake I
piping
Expan-
sion C/] | Compressor Evaporation %G
valve pressure
re%ulatmg
o valve
Dehumidifying
cooler Dehumidifying
Main cooler cooler return
refrigerant piping

(a) Refrigerant flow in
conventional equipment

(b) Refrigerant flow in newly
developed equipment

Fig.5 Temperature controller configuration diagram

Fig.6 Cooling circuits
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Fig.7 Capacity control of conventional equipment and the
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Fig.8 Load tracking performance during mode testing

tuates by 0% to 100% in the low temperature region,
which is the most severe condition.

In addition, as a result of the comprehensive opti-
mization and review of components conducted in the
process of implementing the measures described (a) to
(c), we have completed a small, packaged product. As a
key example, the pitch of the heat transfer fin has been
narrowed from 8 mm to 6 mm because the introduction
of the dehumidifier has prevented frost from forming.
Moreover, the frosting coefficient used to take into ac-
count the decrease in heat exchange efficiency caused
by frost, which had been a consideration in the design
of conventional coolers, can be set to 1 (usually, 0.6 to
0.7), resulting in a significant reduction (by approxi-
mately 45%) in the volume of the cooler, which affects
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Table 3 Results of comparison with conventional equipment

Conventional equipment

Cooler

Cooling unit

Medium tempera- |14 columns X 20 rows .

ture cooler 1 x 830 L 10 HP inverter
Low temperature |16 columns X 10 rows |20 HP constant-speed
cooler 2 x 830 L machine

Low temperature |16 columns X 10 rows |20 HP constant-speed
cooler 3 x 830 L machine
Dehumidifying 16 columns X 6 rows .

pre-cooler x 250 L 5 HP inverter
Total 522 m (1.3 m?)*! 55 HP (4.3 m?)*?

Product prototype

Cooler

Cooling unit

All-temperature
cooler

22 columns x 20 rows
x 650 L
(quadruple split)

40 HP inverter

Dehumidifying 16 columns X 6 rows
pre-cooler x 250 LL
Total 310 m (0.7 m?)*! 40 HP (2.4 m?)*?

%1 Volume occupied by the effective part of the cooler
%2 Cooling unit installation area

the device size.

4. Postscript

In addition, as described above, the
cooling unit system has been integrated to reduce the
installation area (by approximately 45%).

Table 3 compares the newly developed equipment
with conventional equipment.

This paper has described a performance test sys-

tem that reproduces the actual environmental condi-
tions in which EV drive components are used. Future
EV systems are expected to have higher rotational
speeds and higher voltages. As such, new technologi-
cal challenges need to be tackled. Fuji Electric will
continue to provide products that contribute to the
improvement of test efficiency and reliability in pow-
ertrains.
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Ship IoT System for Efficient Operation Management
of Exhaust Gas Cleaning Systems

YASUNOBU, Tomohiro*

ABSTRACT

Recent stricter international environmental regulations in the maritime industry have been encouraging the instal-
lation of exhaust gas cleaning systems (EGCS) to purify the exhaust gas emitted from ships. As part of this effort,
Fuji Electric has developed a ship loT system that utilizes increasingly popular ship-to-shore broadband communica-
tions. This loT system is able to monitor EGCS measurement log data and alarms by utilizing a cloud server. It also
provides a diagnostic function to predict abnormalities and facilitates timely maintenance before equipment malfunc-
tions in order to shorten equipment downtime and reduce the work costs required for troubleshooting.

1. Introduction

In recent years, stricter international environmen-
tal regulations in the ship industry have increased the
need to switch from conventionally used fuels to fuels
that conform to environmental regulations and install
exhaust gas cleaning systems (EGCS). However, sys-
tems that comply with environmental regulations are
more sophisticated than conventional ship equipment
and are difficult to handle, making it difficult for crew
members alone to deal with equipment failures. In
addition, ships often sail at sea throughout the year,
which results in the unique problem that manufactur-
ers are not able to attend ships immediately. On the
other hand, the spread of land-to-ship broadband com-
munications using satellite communications is rapidly
advancing, and ships sailing at sea can enjoy fixed-
price, high-speed communication services.

To resolve the ship-specific problems described
above, Fuji Electric has developed an Internet of
Things (IoT) system for ships to be applied to EGCSs®.
This equipment is used to monitor measurement log
data and alarms using a cloud server. When a fault oc-
curs in the equipment, remote support can be provided,
such as by determining the point of failure from the
measurement log data and providing repair instruc-
tions without anyone having to attend the ship. The
ship ToT system provides a diagnostic function to pre-
dict abnormalities utilizing Fuji Electric’s artificial in-
telligence (AI) technology®, enabling condition-based
maintenance (CBM), in which faults in equipment are
predicted, and maintenance is performed at optimal
times. The function helps reduce downtime caused by
equipment failure and suggests the optimal timing for

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.

replacement and the purchase of spares.
2. Ship loT Systems and Current New Needs

Figure 1 shows a configuration diagram of the
ship IoT system. In this system, the edge device
“FiTSA X” embedded in the IoT relay panel installed
on the ship transmits measurement log data stored
in the EGCS monitoring control panel and the alarm
history of each device to the Fuji Electric cloud
server at fixed periods using satellite communica-
tions. The ship management company can monitor
ship data by accessing the cloud server. Taking into
consideration the characteristics of satellite commu-
nications, the communication protocol adopted for
cloud servers is Message Queue Telemetry Transport*

(MQTT), which uses retransmission and other means

to ensure the reachability of information even when
the network environment is unstable. The connection
between the IoT relay panel and the line used by the
ship management company can be completed by set-
ting a fixed IP address and a default gateway, just like
a typical Internet connection. In addition, regarding
the security of cloud servers, risk reduction and pro-
tection of important information are implemented in
accordance with ISO/IEC 27017:2015 (cloud security
standard) and Fuji Electric’s security policy.

Fuji Electric began offering the ship IoT system in
April 2021%. Figure 2 shows the workflow of response
to failures before and after the introduction of the ship
IoT system. Prior to the introduction of the system, if
a fault occurred in a ship’s system or equipment, the
situation would be reported by email from the ship to

* MQTT is short for Message Queue Telemetry Transport,
which 1s a lightweight messaging protocol that communi-
cates using the TCP/IP protocol.
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Fig.2 Workflow of responses to failures before and after the introduction of the ship loT system

the ship management company, who would request
a fix from Fuji Electric, the supplier of the system or
equipment that seems to be the cause of the problem.
Upon receiving the request, Fuji Electric would contact
the ship management company about the cause of the
fault and solutions, and the ship management com-
pany would relay information to the ship. If the prob-
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lem could not be resolved by the provided solutions, the
situation would be reported to Fuji Electric again. The
same interaction would be repeated until the fault is
resolved, and therefore, resolving problems generally
took a lot of time.

The introduction of the ship IoT system allows Fuji
Electric to understand the condition of the facilities

FUJI ELECTRIC REVIEW vol.69 no.1 2023



and the issued alarms by checking the measurement
log data and historical data stored in the cloud server
without waiting for a call from the ship management
company, enabling quick responses to failures. In ad-
dition, the ship IoT system automatically delivers an
email containing the details of the alarm and what
action to take when an alarm is issued, enabling the
ship’s crew to respond quickly without waiting for the
manufacturer to contact them.

In recent years, however, ship management com-
panies and crew members who use EGCSs have in-
creasingly been calling for the ability to find how to re-
spond to problems via the cloud server and the ability
to use collected data to prevent problems.

3. New Services to Streamline Operations
Management

To meet the needs described in Chapter 2, we have
developed a diagnostic function to predict abnormali-
ties utilizing Fuji Electric’s analytics and Al technol-
ogy®.

For the ship IoT system, we built our diagnostic

services to predict faults by adopting multivariate
statistical process control (MSPC), which falls under
the diagnostic technology category of analytics and Al
technologies. Figure 3 is an overview of our MSPC.
MSPC uses multivariate analysis to quantify out of the
ordinary values from the correlation of multiple data.
Ships operate around the world, and their equipment
runs under various seasons, temperatures, weather,
and other conditions. Therefore, even given the same
equipment, the data characteristics differ from ship to
ship. In addition, satellite communications are used
to send and receive data, but data may be lost due to
weather or sea conditions. To deal with usage envi-
ronments that are specific to each ship, this service
preprocesses data using data cleansing and character-
istic acquisition technology to automatically generate
a sound model. The condition of the facility can be
understood from the deviation (Q value) between the
sound model and the present value. Furthermore, the
contribution of the Q value is shown for each diagnosis,
which makes it possible to know which measurement
values deviate significantly, allowing the cause of the
deviation to also be identified. Conventional services
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often perform upper and lower limit monitoring for
each measurement value, but MSPC can detect signs
of faults that would be missed by the this method.

Figure 4 shows the screen for predictive diagno-
sis of faults for the Fuji Electric gas analyzer used in
our EGCS. The alarm shown here does not indicate
an equipment failure, but rather the detection of a
tendency of the equipment to deviate from the normal
state, and this tendency is determined based on the
results of the predictive diagnosis of faults. The gen-
erated alarm and troubleshooting for the alarm are
linked together, and the maintenance manual can be
displayed by clicking the View Manual button. This
allows the crew of the ship to take appropriate and
prompt action. In the past, when equipment failed,
troubleshooting was time-consuming because it was
necessary to find the maintenance items in the instruc-
tion manual according to the problem. However, by
utilizing this diagnostic function to predict faults, the
equipment downtime and labor required to respond to
problems can be reduced.

4. Postscript
This paper has described a ship IoT system that
achieves the efficient operation management of ex-

haust gas purification systems. Going forward, we
will expand the scope of predictive diagnosis of faults
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and propose the optimal maintenance and replacement
timing for spare parts to reduce the burden of ship
maintenance. We will also respond to needs for solu-
tions for ship equipment other than EGCSs.

Although the adoption of fuels that comply with
environmental regulations and the development of
equipment compatible with these fuels have pro-
gressed remarkably, the safe and efficient use of new
fuel oil is also essential, and the need for remote moni-
toring by combining sensors and IoT devices is increas-
ing. In addition, development in the automatic opera-
tion of ships is progressing, and with the aim of keep-
ing marine operations safe, the need for remote moni-
toring and other diagnostic methods for the prediction
of faults is expected to increase further. In light of this
social environment, Fuji Electric will continue to pro-
vide services that utilize its strengths in analytics and
AT technology.
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Radiation Management Solutions Contributing to
Safety and Security

MAEKAWA, Osamu® ABE, Yohei"

ABSTRACT

Fuji Electric provides facilities and local governments that handle radioactive materials with radiation manage-
ment solutions to contribute to safety and security. In environmental radiation monitors, which were proved useful to
support the recovery from the Great East Japan Earthquake, we have developed monitoring posts that use diversi-
fied communication functions to improve continuous monitoring capability during disaster and real-time dosimeters
with improved detection accuracy and stability. For environmental radiation monitoring telemetering systems, which
collect measurement data, including radiation doses, and display them on the screen, we have developed a platform

that can be expanded to meet customer needs.

In addition, we have developed the detector for alpha-ray aerosol

monitors that improves alpha-ray measurement performance by reducing noise and improving resolution.

1. Introduction

Climate change caused by global warming is a cru-
cial issue and a major threat to create a sustainable so-
ciety. Various measures are implemented around the
world to overcome this problem. In recent years, rapid
changes in world situation have exposed major risks
to the stable energy supply. In particular, Japan is
not rich in energy resources, and rising fuel costs and
other factors are beginning to have a significant impact
on people’s lives and business activities. Under the
circumstance, the government of Japan has announced
that it will promote decarbonization, shifting social
and industrial infrastructure away from reliance on
fossil fuels to focus on clean energy. The government
is going to change policy to decarbonized society with
stable energy supply.

Japan has announced that their decarbonization
initiative includes not only breaking away from ex-
cessive dependence on fossil fuels, but also the use of
nuclear energy as a highly decarbonized power source,
promoting the shift to a resilient energy supply-and-
demand structure.

For use of nuclear energy, the government has
indicated a policy to maximize utilization of existing
facilities, focusing on reactivation of nuclear power
plants following safety evaluations. Based on lessons
learned from the accident at the Fukushima Daiichi
Nuclear Power Station, plan is safety first by cooperat-
ing closely with local residents.

As a manufacturer of comprehensive radiation
measuring instruments, Fuji Electric has developed
and delivered various instruments and systems for
radiation control, and contributes to safe operation of

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.

nuclear facilities.

Since the Great East Japan Earthquake, Fuji
Electric has delivered real-time ambient dose equiv-
alent meter to support the reconstruction of the
Fukushima area, developed disaster-resistant radia-
tion monitors, and redundant communication lines.
This paper describes proposal for radiation control,
which contribute to safety and security.

2. Overview of Radiation Control Solutions

Instruments used for radiation control are classi-
fied as monitor of personal radiation exposure control,
surface contamination monitors, environmental ra-
diation monitors, or facility radiation monitors. These
monitors work in corporation with radiation monitor-
ing panels and computer systems to manage measure-
ments. Figure 1 shows a image that illustrates a radia-
tion control system.

The features of each monitor and of typical detec-

Computer for
radiation control

Monitors of personal
radlatlon exposure
control

e

| Monitors
+ for surface

@ contamination

Facility radlatlon
monitor

4B

., Monitors for ambient
“ 4 dose equivalent

Fig.1 Radiation control system image
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tors are as follows:
(1) Monitors for personal radiation exposure control

Monitors for personal radiation exposure control
measure the external and internal exposure of workers
engaged in work at nuclear facilities and related facili-
ties. External exposure means exposure to radiation
from outside the body, and internal exposure means
exposure to radiation from radioactive materials that
enter the body. Typical monitors include monitors of
personal radiation exposure control and whole body
counters.

(2) Monitors for surface contamination

Monitors for surface contamination measure
whether radioactive contamination exists or not in
workers and objects. Nuclear facilities have areas
called radiation controlled areas where radiation expo-
sure is properly controlled, and presence of monitors of
clothes surface for beta rays is measured when work-
ers exit or bring out objects from these areas. Typical
monitors include radioactive surface monitors for the
human body, as well as survey meters.

(3) Monitors for ambient dose equivalent

Monitors for ambient dose equivalent are mainly
used to measure ambient doses around nuclear facili-
ties. Typical monitors include real-time ambient dose
equivalent meter and monitoring posts.

(4) Monitors for radiation in nuclear facilities

Monitors for radiation in nuclear facilities mea-
sure ambient radiation doses in nuclear facilities and
concentration of radioactive materials emitted from
facilities. Typical monitors include area monitors, gas
monitors, and aerosol monitors.

In recent years, needs increase that radiation mon-
itoring at boundary and around nuclear facilities. Af-
ter Chapter 3, it and subsequent chapters describe the
latest monitors for ambient dose equivalent and soft-
ware platforms of environmental radiation monitoring
telemeter systems. These chapters describe facility
radiation monitors that are being upgraded in prepara-
tion for reactivation of nuclear power plants.

3. Monitors for Ambient Dose Equivalent

3.1 Monitoring posts
(1) Overview

Monitoring post is monitor that measures ambient
doses. Figure 2 shows the appearance of a monitoring
post. The monitoring post consists of detector, mea-
surement unit, and external housing. Although moni-
toring posts are installed in various environments, Fuji
Electric’s monitoring posts can adapt to customer re-
quirements, as there are two types: one with an all-in-
one radiation measurement unit and calculation unit,
and the other in which these two units are separate.
These monitoring posts are equipped with a sodium io-
dide (Nal) scintillation detector. The Nal scintillation
detector consists of a Nal scintillator and a photomulti-
plier tube. Electrons inside the scintillator are excited
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(a) All-in-one type

(b) Separated type
Detection Assembly with control unit:
type A: non-display
type B: with display

Fig.2 Monitoring post

by incident radiation and then return to base to emit
light. This monitor measures radiation by amplifying
this light through a photomultiplier tube and detecting
it as an electrical signal. The measurements processed
by the measurement unit are transmitted to nuclear
facilities and radiation control systems managed by
central agencies and municipalities for remote moni-
toring. Table 1 shows the specifications of the monitor-
ing post.
(2) Features
(a) Energy compensation and temperature compen-
sation functions
The measurement results of the Nal scintilla-
tion detector depend on the energy of gamma rays
and the ambient temperature, and this equipment
corrected them using the G(E) function weighting
operation method. For temperature dependence, a
thermometer is installed inside the detector to com-
pensate for output changes by temperature changes.
This compensation enables the variation of response
within +10% (100keV to 3 MeV, ¥’Cs) and the
temperature characteristics within £5% (-10°C to
+45°C).

Table 1 Monitoring post specifications

Category
Radiation detected

Specifications

Ambient gamma rays

Temperature compensation type

Detector 2” ¢ x 2” Nal (T]) scintillation detector
Measurement Background level to 100 uGy/h
range

Energy range 50 keV to 3 MeV

Limit of variation/

0, 137,
Reference source +£10% (**"Cs)

Within £20% at 50 to 100 keV
+10% at 100 keV to 3 MeV (**"Cs)

Variation of
response

10% or less
(for the high output wave of ¥’Cs
photopeak)

Energy resolution

Detector

Within 5% at —10°C to +45°C
temperature range

Power supply 100 V AC £10%, 50/60 Hz
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Fig.3 A Nal scintillation detector

(b) Automatic correction function for gain change

When the Nal scintillation detector is used for
long time, long-term drift of components may cause
changes in gain and errors in measurement results.
To handle this problem, Fuji Electric’s detectors can
correct automatically the gain using the 40 K peak
channel in nature as the reference channel.
(¢c) Integration of the detector and the measure-

ment unit

In conventional monitoring posts, the detec-
tor and the measurement unit are separate, but in
this monitoring post, the measuring unit function
is built into the detector to minimize size. Figure
3 shows a Nal scintillation detector. To meet the
energy analysis requirements for gamma rays, this
monitoring post is equipped with the multi-channel
wave height analysis function used in conventional
measurement units. The product also complies with
the relevant standards [Equipment for continuously
monitoring gamma radiation in the environment:
JIS 7Z 4325 (2019)] and No. 17 of the Radioactivity
Measurement Method Series.
(d) Diversification of communication functions

It is important for monitoring posts to be re-
sponsive to the diversification of communication
functions, as their role becomes more crucial in di-
saster. The demand for the diversification of com-
munication functions is increasing since the Great
East Japan Earthquake, and Fuji Electric has con-
tinued to respond accordingly. In addition to the
wired and cellular phone networks, the monitoring
posts can support satellite communication networks
and enable continuous monitoring even in conges-
tion or cutoff of general lines.

3.2 Real-time ambient dose equivalent meter
(1) Overview

While monitoring posts are installed around nu-
clear facilities for main purpose of measuring changes
in environmental radiation doses caused by the fa-
cilities, real-time ambient dose equivalent meters are
installed mainly in schools, parks, and government of-
fices, and are responsible for ensuring safety and secu-

Radiation Management Solutions Contributing to Safety and Security

rity for residents. Figure 4 shows a real-time ambient
dose equivalent meter.

The device consists of a radiation detector, a mea-
surement unit, a communication unit, a solar panel, a
battery, and a dose indicator, and has environmental
radiation measurement, communications, and dose
rate indication functions. In addition to commercial
power supply, the power can be supplied by solar pan-
els and internal batteries. This enables continuous
measurements even during blackouts. Table 2 shows
the specifications of the real-time ambient dose equiva-
lent meter.

(2) Features

(a) Improved detection performance and enhanced

stability of semiconductor detectors

The real-time ambient dose equivalent meter
is equipped with a newly developed semiconductor
detector. This semiconductor detector has a larger
detection surface than the previous product®, and
its arrangement has been optimized, improving ac-
curacy. Redundant electromagnetic shield and im-
proved noise immunity have reduces the influence of
various electromagnetic waves, contributing to mea-
surement stability.
(b) Improved environmental resistance

The radiation detector, measurement unit, and
communication unit are housed in reinforced plas-

Fig.4 Real-time ambient dose equivalent meter

Table 2 Real-time ambient dose equivalent meter specifications

Category Specifications

Radiation detected

Ambient gamma rays

Semiconductor detector
Background level to 99.99 uSv/h
50 keV to 3 MeV

+20% (based on 60 keV to 1.25 MeV,
137Cs reference)

+25% (based on 60 keV to 1.25 MeV,
¥7Cs reference)

Detector

Measurement range

Energy range

Relative error

Variation of response

Operating

. Non-weather protected, fanless
environment

Power supply 100 V AC £10%, 50/60 Hz
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tic enclosure, but there are concerns about negative
effects of infiltration of rainwater and moisture on
electronic devices in stormy weather. The electrical
parts and devices built in enclosure in small boxes
by function with moisture-proof and waterproof fin-
ish. They make lower failure rate, and longer ser-
vice lifetime by protecting from moisture.

4. New software platform for environmental
radiation monitoring telemeter systems

(1) Overview
Radiation monitors such as monitoring posts mea-
sure radiation and radioactive materials emitted from
nuclear power facilities 24 hours per day, 365 days per
year. Measured data are collected by environmental
radiation monitoring systems controlled by nuclear
power facilities, central ministries, and municipali-
ties, and used for monitoring operations. For residents
near nuclear facilities, the data are displayed in real
time on large-screen at government offices. The data
are informed on internet. Fuji Electric has contributed
well to providing systems, as well as development and
manufacturing of radiation monitors. To meet recent
diversification of customer requirements, we have de-
veloped a new software platform compatible with cloud
systems and standard interfaces.
(2) Features
(a) Cloud migration
Conventional systems were on-premises mainly,
in which customers own and manage infrastructure
equipment such as servers. In recent years, plans
to implement cloud systems have increased by busi-
ness continuity plans (BCP) and system scale ex-
tensibility. The new software platform uses open
source databases and middleware to ensure compat-
ibility with next mainstream hosting clouds, reduc-
ing initial implementation and maintenance costs.
(b) Providing of various monitoring methods
The system screen is for management radiation
doses in area to monitor the measurement data.
The conventional system used Internet Explorer*!
as the standard browser with single window screen,
causing inconvenience. HTML Living Standard
based new development supports current main-
stream browsers such as Microsoft Edge*? and
Google Chrome*3, and can also be displayed on
smartphones and tablets. The operation screen
offers multi-window mode to improve efficiency
of monitoring operations. Figure 5 shows the dis-
played content of new platform using JavaScript*+.
For front-end browser screen development, conven-
tional platforms used JSP and Java*® applets. New
software platform uses JavaScript to implement a
browser based on the HTML Living Standard, which
enables the display of various contents such as vid-
eos and graphics.
(¢c) High scalability system
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Fig.5 Display on new platform with JavaScript

Environmental radiation monitoring telemeter
system renewal sometimes require security en-
hancement, operability improvements, function en-
hancement, and modification. Resources are often
required to use the existing system for continu-
ity of operations, and problem is that systems are
hard to expand. The new software platform uses
JavaScript Object Notation (JSON) as an inter-
face to unify communications in several processes,
making it easier to extend to meet customer re-
quirements. There are JSON libraries adapt other
programming languages enable to use existing re-
sources.

5. Alpha-Ray Aerosol Monitor

(1) Overview

Nuclear power plants generate electricity by en-
ergy from fission of uranium, and plutonium as artifi-
cial radionuclide is produced on the process. The spent
nuclear fuel contains uranium and plutonium that can
be reused as fuel. Reprocessing extracts the uranium
and plutonium and mix together to form the fuel called
mixed oxide (MOX).

Japan is not rich in energy resources and is working
for realization of a plutonium-thermal system with this
MOX fuel in conventional nuclear power plants. To
use plutonium safely and effectively, it is important to

*]1 Internet Explorer is a trademark or registered trade-
mark of Microsoft Corporation.

*2 Microsoft Edge is a trademark or registered trademark
of Microsoft Corporation in the United States and other
countries.

*3 Google Chrome is a trademark or registered trademark
of Google LLC.

*4 JavaScript is a trademark or registered trademark of
Oracle Corporation and its subsidiaries and affiliates in
the United States and other countries.

*5 Java is a trademark or registered trademark of Oracle
Corporation and its subsidiaries and affiliates in the
United States and other countries.
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improve the measurement of alpha rays emitted from
plutonium, and Fuji Electric has developed an alpha-
ray aerosol monitor that measures plutonium more ac-
curately. Figure 6 shows a aerosol monitor image and
an alpha-ray aerosol monitor. The alpha-ray aerosol
monitor absorbs particle in a sampled air using the fil-
ter paper on precipitator to measure alpha rays.
(2) Features
(a) Noise reduction
Conventional aerosol monitors send measured
pulse signals from radiation detector to separate
measurement unit. But this way would mix noise
in pulse. The alpha-ray aerosol monitor features an
all-in-one detector and measurement unit to reduce
noise contamination in communication line. Mea-
surement and subsequent units use a digital com-
munication system to reduce noise.
(b) High resolution
Detector is placed on filter paper on precipita-
tor to measure alpha rays. Alpha rays are emitted
at various angles from filter paper, and detector in-
cident distances are various. As a result, there are
fluctuations in the measured energy. This means
that the resolution becomes lower, making it dif-
ficult to distinguish artificial radionuclides from
radon and thoron, which are natural radionuclides.
Alpha ray incident component of new detector has

Multichannel
analyzer PC
Alpha-ray | _ g
aerosol [ ‘ p
monitor N
RIREN Honeycomb : k.
o b o« structure ' <
)2 x‘ x 11y
IN ouT ----»Alpha rays
Air sampling line | Detects vertical incidence
Precini only component due to the
on ??ﬁ?;t;‘;g]ér honeycomb structure

Fig.6 Aerosol monitor configuration and an alpha-ray aerosol
monitor
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a honeycomb structure. Diagonally incident Alpha
rays are blocked, and vertical incidents can be de-
tected only (see Fig. 6). As a result, the range dis-
tance of alpha rays incident on detector is almost
same, and this has reduced variation of measure-
ment energy and achieved high resolution. Figure
7 shows measurement results of americium 241
(***Am), an alpha-ray emitting radionuclide, and ra-
don (Rn) and thoron (**°Rn), natural radionuclides.
These results show that americium 241 has been
measured separately from radon and thoron, which
are natural radionuclides.

6. Postscript

This paper proposed radiation control, which con-
tribute to safety and security. The achievement of de-
carbonized society and stable energy supply require to
utilize nuclear energy. Fuji Electric, a manufacturer of
comprehensive radiation measuring equipment provid-
ing from radiation detectors to systems, has innovated
technologies to contribute to safe operation of nuclear
power facilities.
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Comprehensive Service for Smart Industrial Safety, Which Improves
Maintenance and Inspection Efficiency and Delivers Predictive Maintenance

SUNAGA, Yugo”*

FUKUSHIMA, Soji*

ABSTRACT

Utilities of industry and energy infrastructures such as power distribution equipment are faced with urgent chal-
lenges to overcome issues of aged deterioration of equipment, long-term shortages and aging of workers for repair
and maintenance, and capability degradation to pass down technologies and skills. Demand is thus increasing for
smart maintenance, improved inspection efficiency, and predictive maintenance. Fuji Electric offers “Comprehensive
Service for Smart Industrial Safety,” in which we collect and analyze a variety of information from the equipment to
plan maintenance planning, monitor equipment, and suggest maintenance management measures, optimizing equip-
ment maintenance. We are expanding the application of these services by adding new services, such as equipment
operating condition and trend monitoring and rotating machine vibration monitoring.

1. Introduction

The fields of industrial and energy infrastructure
are facing a number of issues, including the deteriora-
tion of equipment due to age, long-term labor short-
ages and the aging of the repair and maintenance
workforce, and a rapid decline in the ability to pass
down technologies and skills. In addition, in order to
maintain a healthy infrastructure, it is necessary to re-
spond to various changes, such as the increasing sever-
ity of disasters, the risk of terrorism, and the advance-
ment of a digital society defined by new technologies.

To address these challenges, the Public-Private
Council on Smart Industrial Safety was established by
the Ministry of Economy, Trade and Industry on June
26, 2020, and the Smart Industrial Safety Action Plan
has been proposed for the field of electrical security.
In accordance with this action plan, electrical equip-
ment suppliers, including Fuji Electric, and custom-
ers who operate equipment are asked to maintain and
enhance their maintenance capability and improve
productivity to advance smart maintenance for elec-
tric equipment. They accordingly aim to promote the
proliferation and expansion of smart industrial safety
technologies and to introduce various new technologies
to industrial safety service sites, such as the Internet
of Things (IoT), artificial intelligence (AI), wearable de-
vices, and drones. This paper describes Fuji Electric’s
“Comprehensive Service for Smart Industrial Safety,”
which contributes to improving the efficiency of main-
tenance and inspection and implementing predictive
maintenance.

* Power Electronics Industry Business Group, Fuji Electric
Co., Ltd.
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2. Services Provided by Fuji Electric®

Figure 1 shows an overview of Fuji Electric’s smart
integrated service solutions that use digital transfor-
mation (DX).

The Ministry of Economy, Trade and Industry de-
fines DX as “efforts by companies to establish competi-
tive advantages, respond to significant changes in busi-
ness environments, utilize data and digital technology,
and reform products, services and business models, as
well as organizations, processes and company culture,
based on the needs of customers and society.”

The Comprehensive Service for Smart Industrial
Safety, described in detail in Chapter 4, aims to im-
prove efficiency by innovating maintenance operations,
such as routine patrol inspection, conducted by hu-
man resources with digital technologies. At the same
time, most of these maintenance work requires human
senses and intuition, which cannot be replaced by digi-
tal technologies or tools. Therefore, it is also necessary
to continue training workers and improving efficiency
using digital technology.

Fuji Electric will integrate service solutions that
apply digital technology in both aspects to offer smart
integrated services, with the maintenance work made
more smart, efficient and optimal.

3. Equipment Maintenance Related Challenges®®

Industrial infrastructure such as power distribu-
tion equipment and factories containing production
equipment are typically faced with challenges of op-
erating equipment stably and reducing maintenance
costs. Until now, equipment has been managed so
that stable operation can be maintained through time
based maintenance (TBM), which is carried out in the
form of regular manual inspections and maintenance
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Fig.1 Overview of smart integrated service solutions

operations. On the other hand, condition based main-
tenance (CBM) involves the collection of various in-
formation pertaining to equipment and the identifica-
tion and analysis of equipment conditions to perform
maintenance work depending on the conditions. CBM
is expected to optimize inspections, improve efficiency,
counter the shortage of personnel required for mainte-
nance, and enable predictive maintenance through the
analysis of condition information. To achieve this, we
need to promote “smart industrial safety” by applying
IoT and digital technologies to maintenance work that
was manually conducted; automating the collection, re-
cording, and management of information; and applying
software to analyze the collected data in an integrated
manner.

4. Fuiji Electric’s “Comprehensive Service for
Smart Industrial Safety”

In fiscal 2022, Fuji Electric began offering its
Comprehensive Service for Smart Industrial Safety,
which uses IoT and Al to optimize equipment mainte-
nance, from maintenance planning to equipment moni-
toring and the proposal of maintenance management
measures for power distribution equipment.

4.1 Overview of the “Comprehensive Service for Smart

Industrial Safety”’®

Figure 2 shows an overview of the Comprehensive
Service for Smart Industrial Safety. The Comprehensive
Service for Smart Industrial Safety consists of op-
eration and maintenance (O&M) service applications
that conform to ISO 18435 (O&M integrated model).
By sharing equipment information between customer
worksites, administrators, and Fuji Electric, mainly
through an Azure*' based cloud system, we will build a
smart industrial safety system.

As shown in Fig. 2, by using a cloud system, work-
site personnel, administrators, and Fuji Electric can
share and utilize maintenance related information
even from locations far from the worksite, and by using
service applications on the cloud, cumbersome tasks
such as software update and management become un-
necessary.

The collected data ranges from operating infor-
mation from on-site devices, measurement data from
sensors and meters, maintenance records, inspection

*1 Azure is a trademark or registered trademark of
Microsoft Corporation.
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Fig.2 Overview of the "Comprehensive Service for Smart Industrial Safety"

records, and to daily and monthly reports. It is expen-
sive and difficult to build, install, and maintain data
servers that accumulate data over periods of ten years
or more at the worksite. Furthermore, the worksite is
required to bear all of the data security risks. Cloud
systems allow customers to maintain and manage data
for a long time by always using the latest security tech-
nology.

4.2 Functions of the “Comprehensive Service for Smart

Industrial Safety”

Figure 3 shows the functional configuration of the
Comprehensive Service for Smart Industrial Safety.
The Comprehensive Service for Smart Industrial
Safety consists of the following three functions.

(1) Operation management functions

The management of online information collected
from the desired equipment
(2) Maintenance management functions

The management of offline information such as
work plans, work instructions, work results, and main-
tenance results mainly pertaining to maintenance
work performed by people
(3) Analysis management functions

The integration of various kinds of data and the
implementation of “individual analysis” and “advanced
BI analysis.” Business intelligence (BI) analysis refers
to the analysis and visualization of various company
data for management and business purposes.

These functions systematically collect online equip-
ment information, such as operation state, failure, and
deterioration data, as well as offline information per-
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Fig.3 Functional configuration of the "Comprehensive Service
for Smart Industrial Safety”

taining to maintenance work, such as work contents
and inspection records, and store them in a database
to perform multidirectional analysis. This function
enables users to monitor operating information and
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deterioration diagnosis information by viewing them in
the form of trends, improve maintenance efficiency by
utilizing digital tools, and check equipment conditions
before and after inspections by comparing them with
inspection results. Furthermore, changing the cycle
of periodic inspections based on the details of analyzed
information can reduce maintenance costs and catch-
ing failure signs through data analysis and performing
proper maintenance can stabilize equipment opera-
tions.

4.3 Smart maintenance work that the “Comprehensive

Service for Smart Industrial Safety” aimed for

Figure 4 shows the smart levels of maintenance
work. As shown in the figure, the Comprehensive
Service for Smart Industrial Safety categorizes chal-
lenges and smart levels at worksites, allowing users
to gradually increase the level of provided services ac-
cording to customer’s maintenance situations.

(1) Level 1 (Visualization)

Visualization will promote the digitization of main-
tenance site information by introducing IoT devices,
digitizing work records, and supporting remote work.
These activities include visualizing work results and
the maintenance conditions of equipment by acquir-
ing digital images of equipment states through remote
monitoring and IoT cameras, as well as by digitizing
device deterioration monitoring information and in-
spection records. They also include disaster preven-
tion and security such as fire prediction and intrusion
detection.

(2) Level 2 (Comprehension)

Comprehension refers to individually analyzing
the trends and differences in various types of operation
and maintenance information and identifying chal-
lenges and improvements through BI tools that per-
form multifaceted advanced analysis such as overviews
and correlations of various types of data. These analy-
ses and diagnostic results lead subsequent inspections,

Comprehensive Service for Smart Industrial Safety, Which Improves Maintenance and Inspection Efficiency and Delivers Predictive Maintenance

maintenance, and updates.
(3) Level 3 (Optimization)

The optimization phase is aiming at achieving op-
timization through automated evaluation, diagnostic
accuracy improvement, and sign detection by adopt-
ing Al engines suitable for individual tasks to provide
integrated improvement services such as analysis
and consultation regarding equipment conditions and
maintenance needs from multiple perspectives. This
phase has remained room where further technological
advancements are still required. To reach this goal,
we must strive to achieve visualization and compre-
hension together with customers. The Comprehensive
Service for Smart Industrial Safety is a collaborative
DX solutions for maintenance and safety services, in
which Fuji Electric works closely with its customers to
make the services more smart.

5. Application Examples

This chapter describes Fuji Electric’s efforts at the
Yamanashi Factory as an example of the application
of the Comprehensive Service for Smart Industrial
Safety. The Yamanashi Factory manufactures semi-
conductors and has promoted the smartness of the re-
ceiving and transforming equipment and other particu-
larly important auxiliary equipment.

5.1 Visualization of the operating conditions of high-

voltage receiving and transforming equipment

Figure 5 shows examples of the monitoring of oper-
ating conditions and trends for high-voltage receiving
and transforming equipment. The operating condi-
tions of equipment and their soundness can be under-
stood visually by converting the operating conditions
of the equipment into data and monitoring trends over
long periods of time.
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Fig.5 Examples of operating condition and trend monitoring of
high-voltage receiving and transforming equipment

5.2 Examples of visualization of maintenance operations

Figure 6 shows some examples of the visualization
of maintenance operations. In conventional mainte-
nance operations, the values of various instruments
and meters were checked visually by personnel dur-
ing routine patrol inspections and recorded on paper.
These can now be automatically read and recognized
using Al-applied IoT cameras and recorded as digital
data. Similarly, inspection records that were con-
ventionally recorded on paper are being digitized and
made more efficient by using tablet devices such as
iPads™.

*2 iPad is a trademark or registered trademark of Apple
Inc.
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Fig.6 Examples of visualization of maintenance operations

5.3 Integration of operation monitoring and maintenance

management data, and advanced Bl analysis

Figure 7 shows an example of the application of
BI tools. This is an example of a trial for efficiency
analysis of inspection operations through the integra-
tion of maintenance management data, such as inspec-
tion plans and inspection performance records, with
operation monitoring data. In addition to differences
in inspection time and comparisons between plans and
results, the tool can be used to check the operating
conditions of equipment before and after each inspec-
tion to provide feedback on the proficiency of inspection
workers and the optimization of inspection sequence.
BI tools can analyze correlations and trends of various
types of information in multiple ways, but the informa-
tion and analysis results are often specific to the target
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Fig.7 Bl tool application example

equipment and maintenance personnel. Fuji Electric
will cooperate with customers who operate and man-
age equipment by introducing the Comprehensive
Service for Smart Industrial Safety and share informa-
tion with them to add value and improve maintenance
and efficiency.

5.4 Rotating machine vibration monitoring

Figure 8 shows an example of vibration monitor-
ing for a rotating machine. Rotating machines are
commonly used for production equipment such as gen-
erators, pumps and compressors, and when they stop
operating due to failures, production plans are greatly
affected. = The Comprehensive Service for Smart
Industrial Safety provides predictive maintenance
through vibration monitoring by utilizing the rotating
machine failure sign monitoring system “Wiserot.” It
analyzes information from wireless vibration sensors
by using an original algorithm, detects bearing fail-
ures, and suggests maintenance accordingly.

5.5 Electrical room fire sign monitoring
Figure 9 shows an example of fire sign monitoring.
The Comprehensive Service for Smart Industrial
Safety provides a function for monitoring warning
signs of fire accidents, which are often seen in electri-
cal rooms and switchboards. By linking a fire sign de-
tection system from NOHMI BOSAI LTD., which can
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Fig.9 Example of sign monitoring for fires

Comprehensive Service for Smart Industrial Safety, Which Improves Maintenance and Inspection Efficiency and Delivers Predictive Maintenance 59

issue: Instrumentation, Control, and Information Systems Contributing to Automation and Energy Saving



detect the outbreak of smoke as a warning sign from
the earliest stage of a fire, the cloud monitoring func-
tion of the Comprehensive Service for Smart Industrial
Safety can detect the initial signs of fire and respond
promptly and thoroughly by issuing not only on-site
alarms, but also email notifications.

6. Postscript

This paper has described smart industrial safety
services that contribute to improving the efficiency of
maintenance and inspection and achieving predictive
maintenance. Fuji Electric will continue to improve its
“Comprehensive Service for Smart Industrial Safety”
by enhancing the deterioration diagnosis function, pro-
actively incorporating various IoT devices and digital
technologies to expand the scope of security operations
and improving the interface to make it easier to under-
stand the conditions. We also intend to strengthen our
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knowledge of advanced analytical technology obtained
through accumulated data, build up our track record
of verification and identification of effects through the
use of demonstration equipment at our own factories,
and work together with our customers to add even
more value.
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4-in-1 Modules with Ratings of 1,700V / 75-200 A

HORIE, Shunta*

KODAIRA, Yoshihiro*

Zheng, Mao*

Power conversion devices, especially insulated gate
bipolar transistor (IGBT) modules, are widely used as
core devices in power conversion system that convert
electrical energy between AC and DC or vice versa.
IGBT modules are required to have not only high per-
formance and high reliability, but also features con-
tributing to simplified equipment design work and
equipment downsizing. In addition, they must also
have characteristics that are suitable for circuit sys-
tems of various applications.

This paper describes a newly developed 1,700-V/
75- to 200-A 4-in-1 module optimized for the circuit
configuration of medium-voltage inverters.

Table 1 Medium-voltage inverter circuit systems

1. Features

Medium-voltage inverters are power converters
that control output voltage and frequency, designed
for high input voltages of 690V or higher. They are
used in a variety of fields, including metal processing,
chemical plants, and natural gas and fossil fuel min-
ing. Table 1 shows circuit systems of medium-voltage
inverters. Among these circuit systems, the series-
connected multi-stage unit type occupies nearly 60% of
the global market share, primarily in China, due to its
simple configuration and easy maintenance features.
In the future, it is expected to continue to be a main-
stream medium-voltage inverter.

Conventional series-connected multi-stage unit
type medium voltage inverters combine two 2-in-1

Market share
Circuit example Features Applicable module | percentage and pri-
mary regions of use
Multi-Winding
Transformer Power Cell No. Al

X X % O Simple topology
Series- Y L O Easy maintenance
connected O Output adjustable 60%

: L [ according to the 1,700 V/75-1,200 A °.
multi-stage - . Worldwide
unit type number of series 2-in-1 module (China, etc.)

P Power Cell No. A2 O Input transformer e
required
Power Cell No. A3 (High cost)
Powe.r Cells
\-J No. B1 to C3
3 level x % % T (% (% x O With no trans- 3.3 kV/800-1,500 A 30%
r\_, former 4.5 kV/400-1,500 A Europe and
type } { ’V‘
g g O Complex topology HPM the U.S.
o SYY Y\ °
Jj ] J g
) 1 9
o S S b ool T ot TS i
type P, (High loss) the U.S.

* Semiconductors Business Group, Fuji Electric Co., Ltd.
¥ Fuji Electric (Shenzhen) Co., Ltd.
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modules and one converter diode module. In contrast,
the newly developed 1,700-V 4-in-1 module, as shown
in Figs. 1 and 2, optimizes the input rectifier circuit
and output inverter circuit, and incorporates a three-
phase rectifier circuit, H-bridge circuit, and thermistor
in one package. Since an inverter unit can be config-
ured with only one of these modules and passive com-
ponents, the unit can be easily multi-leveled. By pro-
viding the product as a single package, the footprint of
the module has been reduced by 54 %.

The newly developed 1,700-V 4-in-1 modules are

0 O
N N N
o—¢ 0—¢ O—4 T_@_T
N N N
0 o

(1) Three-phase
rectifier circuit

(2) H-bridge circuit (3) Thermistor circuit

( (1) and (2) correspond to the Power Cells in Table 1 )

Fig.1 Equivalent circuit diagram

Configuration with

Configuration with
the new product

conventional products

2-in-1 X 2

4-in-1 module

Diode module

Fig.2 Comparison of medium-voltage inverter module configu-
rations

Table 2 Lineup of the 1,700-V 4-in-1 module

Rated voltage Rated current (A)
75 100 | 150 [ 200
1,700
Appearance
EconoPIM™ *

* EconoPIM™ is a trademark or registered trademark of Infineon Technologies AG
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lined up in the same packaging up to 75A to 200 A, as
shown in Table 2.

2. Applied Technologies

2.1 Heat concentration reduction through layout
optimization

Since the footprint has been reduced by 54% as de-
scribed in Chapter 1, the module’s thermal density has
increased. Therefore, one of the technical challenges
in the development of this product was to suppress the
rise in chip temperature caused by thermal interfer-
ence between adjacent chips.

The new product uses the 7th-generation free-
wheeling diodes (FWDs) to reduce power loss during
inverter operation, thereby suppressing the rise in
temperature of the module and making it possible to
mount a 4-in-1 circuit in a single package, instead of
the conventional configuration of two 2-in-1 packages.

To suppress the temperature rise, this module has
an optimal chip arrangement to minimize the effect
of thermal interference between chips. Figure 3 shows
the result of temperature analysis using the finite ele-
ment method. This result has demonstrated that when
all built-in chips are producing heat at the same time,
under the most severe conditions, the maximum tem-
perature of the IGBT chip is 142.6°C. The maximum
temperature of this module is less than 5% higher
than 136°C, the average of all chips. The results con-
firm that the temperature of one chip does not rise
excessively even when the heat generation density in-
creases.

2.2 Higher reliability through the use of 2,200-V converter

diodes

Considering the use of medium-voltage inverters in
areas with an unstable power supply, it is necessary to
improve the overvoltage withstand capacity to external
surge voltages, and the input surge current withstand
capability to surge currents generated during recovery
from instantaneous voltage drops. Therefore, we have
developed a converter diode with a withstand voltage
of 2,200V, exceeding the module’s withstand voltage
of 1,700V, as well as surge current withstand. Figure
4 shows a comparison of the surge current withstand

Type: 4AMBR150VN170-50

ture

149.6°C Tempera-
/ High

Low

Fig.3 Result of temperature analysis using the finite element
method (total phase heat generation)
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capacity of the conventional module and the new prod-
uct module. Compared with the conventional module,
the withstand capacity has been increased by 20% and
achieved higher reliability.

3. Application Examples

Figure 5 shows the comparison data of the dissipa-
tion loss on a medium-voltage inverter that uses the
newly developed 4-in-1 module with the conventional
2-in-1 module. The newly developed 4-in-1 module
(4MBR150VN170-50) demonstrated a 3% reduction
in generated loss compared to the conventional 2-in-1
module (2MBI150VH-170-50). As a result, it is pos-
sible to install a 4-in-1 module with a footprint 54%
smaller than conventional models without changing

4-in-1 Modules with Ratings of 1,700 V/75-200 A

Calculation conditions: V=931V, Ioems) = 100 A, f, =60 Hz,
fsw=0.8kHz, Vg =+15V, Power factor = 0.9, Modulation rate = 1.0

[ Py, loss [ Py: On-state loss
[ Poge: Turn-off loss I P,.: Turn-on loss
[ P.ai: Conduction loss
150
3% reduction
125.1
o 125} 121.7
iz Py
£8 100} A
7] f
o
Be 75) P
g% Pon
2% 50| P
E a
e 25t
L

2MBI150VH-170-50
Conventional product
2-in-1 module

4MBR150VN170-50
New product
4-in-1 module

Fig.5 Results of a comparison of generated loss

the inverter’s peripheral components, contributing to
the miniaturization of the entire system.

Launch Date
April 2021

Product Inquiries
Sales Department I, Sales Division, Semiconductors
Business Group,
Fuji Electric Co., Ltd.
Tel: +81-3-5435-7152
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External Operating Handles and Terminal Covers for Molded-
Case Circuit Breakers and Earth Leakage Circuit Breakers

ISHIDO, Hideki"

Molded-case circuit breakers and earth leakage cir-
cuit breakers (hereinafter “circuit breakers”) mounted
on the control panels of electrical and mechanical
equipment widely use optional accessories such as ex-
ternal operating handles used for turning ON and OFF
the devices from outside the panel, as well as terminal
covers that cover the live part of terminals to prevent
electric shock. In recent years, the diversification of
usage environments has been progressing. As such,
control panels are required to deliver better waterproof
performance, improved safety for in-panel equipment
maintenance, ease of installation, and maintainability.

In response to these needs, we simultaneously de-
veloped N-shaped external operating handles (directly
attached to the circuit breaker) and terminal covers for
the “G-TWIN Series” of 32 to 100 ampere frames (AF).
Launched in December 2021, these accessories provide
latest protection structure for electrical safety (see Fig.

1).
1. External Operating Handles

1.1 Features of the N-shaped external operating handles
for the 32 to 100AF
The features of the newly developed external oper-

ating handles are as follows.

(1) The waterproof structure has been improved to
IP54 compared to the conventional model (IP50
equivalent).

(2) The product conforms to regional standards of

N-shaped external
operating handle

Molded-case
circuit breaker

Earth leakage
circuit breaker

Fig.1 N-shaped external operating handle and terminal cover

* Fuji Electric FA Components & Systems Co., Ltd
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IEC, JIS, GB, and UL/CSA. They have also ob-
tained the EN/CE mark through a third-party as-
sessment.

(3) The lineup includes a flat handle provided with a
flat decorative plate to prevent the handle opera-
tion parts from protruding from the panel surface.
It reduces the risk of damage during panel trans-
portation and erroneous operation after installa-
tion.

(4) Alignment marks are added to both the handle
itself and the decorative plate to reduce the time
required for fitting and adjustment.

(5) The door can be opened while the handle is in the
locked state (locked with a padlock in the off posi-
tion) (optional). This saves the trouble of removing
the padlock when opening the door and enables
safe maintenance and inspection work.

1.2 Applied technologies
(1) Waterproof rating

Although the conventional N-shaped external op-
erating handles comply with the U.S. NFPA 79 (U.S.
Electrical Standard for Industrial Machinery) stan-
dard, additional waterproof performance is required at
some 1nstallation sites. For this reason, we have com-
pletely revised the structure of the operation parts of
the N-shaped external operating handles. To prevent
water from entering from the outside, we have inno-
vated the engagement of the electromechanical parts
and installed packing at the surface contacts between
the decorative plate and the door panel and between
the latch and the cover (see Fig. 2). In addition, we

——
Water
penetration
route

Handle
.

Decorative plate |

Packing

Packing
Latch

Cover

Fig.2 Internal structure of the N-shaped external operating
handle
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have revised the design to comply with IP54 and pro-
vide dust protection, thereby obtaining third-party per-
formance certification.
(2) Door panel opening function

The external operating handle has a locking mech-
anism that prevents the door panel from opening even
when the circuit breaker is OFF (no current flows
through the circuit). This is a standard safety feature
to prevent the door panel from being opened carelessly.
On the other hand, there is a need for some users to
prioritize maintainability so that they can open the
door to perform maintenance on internal equipment
when the circuit breaker is OFF. We therefore offer
a special product with a redesigned handle operation
locking mechanism. Only when the panel is not en-
ergized and the handle is locked by a padlock so that
ON operation cannot be done, the release mechanism
allows the door panel to be open with a tool such as a
screwdriver (see Fig. 3).
(3) Non-protruding door panel surface

As shown in Fig. 4, conventional external operat-
ing handles commonly protrude from the door panel
surface. However, protrusion from the door panel sur-
face sometimes leads to unintentional erroneous opera-
tion or damage during transportation or installation.
Therefore, to prevent erroneous operation and damage,
we have added a new special product with a decorative

Locking
mechanism

Release
mechanism

Fig.3 Panel door-opening structure in the OFF state of the
circuit breaker

Handle

Standard
decorative
plate

Door panel

Fig.4 External operating handle (standard decorative plate)
structure

Flat
decorative
plate

Handle

Fig.5 External operating handle (flat decorative plate) structure

plate attached to the door panel. This prevents the
entire handle from protruding from the door panel sur-
face, as shown in Fig. 5.

2. Terminal Covers

2.1 Features of the terminal covers for the 32 to 100AF
The features of the newly developed terminal cov-

ers are as follows:

(1) A short type and a long type can be selectable ac-
cording to the protective structure of the exposed
live part of connected round crimp terminals.

(2) The products comply with the IP20 protection re-
quirement for the power supply side of the power
disconnector in the control panel standard. It
also complies with IP20 on all sides, providing
electric shock protection even when accessed from
the back side for maintenance and inspection. By
cutting the terminal cover opening in accordance
with the wire size, an IP20 degree of protection
can be maintained for the live part.

(38) The products conform to regional standards of
IEC, JIS, and UL/CSA. Furthermore, they have
also obtained the EN/CE mark through a third-
party assessment.

(4) A protective hole structure has been adopted, al-
lowing the terminal screws to be tightened and
the power to be tested without removing the ter-
minal cover.

(5) The terminal cover can be attached and detached
even when the main unit is mounted in a dense,
side-by-side configuration, making attachment
and detachment easy even when used for a branch
circuit.

(6) Fire-resistant materials have been adopted as
standard (UL 94 flame retardant level: V-2).

2.2 Applied technologies
(1) Degree of protection

The conventional terminal cover has a structure
that prevents fingertips from touching the live part
of the terminal from the front, but with the recent in-
crease in the demand for safety, it has become neces-
sary to protect the live part from all sides, including
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the back. Therefore, to prevent fingers and tools from
entering from the front, back, sides, and wire open-
ing, we have restructured the terminal cover into two
parts, a lower terminal cover and an upper terminal
cover. In this manner, IP20 compliance is achieved in
all directions (see Fig. 6).
(2) Improved maintainability

A new guide hole has been added to allow tools to
be inserted when tightening terminals and conducting
power inspections. This makes it possible to perform
maintenance work without removing the terminal
cover (see Fig. 6).
(3) Improved applicability

As shown in Fig. 7, the wire openings on the termi-
nal covers have a structure that enables cutting with

Guide hole
for tools

Upper terminal
cover

Lower terminal
cover

(a) Short type (b) Long type

Fig.6 Terminal cover (3-pole product) structure
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Wire opening

Fig.7 Wire opening structure of the terminal cover

a nipper according to the size of the wires, thereby
achieving IP20 compliance for wires of 2 to 60 mm?
used for currents of 3 to 100 A. Furthermore, it is pos-
sible to modify the upper and lower terminal covers to
widen the wire openings, thereby enabling the parallel
connection of two wires (see Fig. 7).

Launch Date
December 2021

Product Inquiries
Distribution Products Management Department,
Business Management Division,
Fuji Electric FA Components & Systems Co., Ltd
Tel: +81-48-548-1408

FUJI ELECTRIC REVIEW vol.69 no.1 2023



Overseas Subsidiaries

* Non-consolidated subsidiaries

Fuji Electric Corp. of America
Sales of electrical machinery and equipment, semiconductor devices, drive control
equipment, and devices
URL https://americas.fujielectric.com/

Reliable Turbine Services LLC
Repair and maintenance of steam turbines, generators, and peripheral equipment
Tel +1-573-468-4045

Fuji SEMEC Inc.
Manufacture and sales of door opening and closing systems
Tel +1-450-641-4811

Fuji Electric Asia Pacific Pte. Ltd.
Sales of electrical distribution and control equipment, drive control equipment, and
semiconductor devices
URL http://www.sg.fujielectric.com/

Fuji SMBE Pte. Ltd.
Manufacture, sales, and services relating to low-voltage power distribution board
(switchgear, control equipment)
URL http://smbe.fujielectric.com/

Fuji Electric (Thailand) Co., Ltd.
Sales and engineering of electric substation equipment, control panels, and other
electric equipment
URL http://www.th.fujielectric.com/en/

Fuji Electric Manufacturing (Thailand) Co., Ltd.
Manufacture, sales, engineering and service of low-voltage inverters, instrumentation
and sensors, switchgear, gas insulated switchgear, PCS, UPS

Tel +66-2-5292178

Fuji Tusco Co., Ltd.

Manufacture and sales of Power Transformers, Distribution Transformers and Cast
Resin Transformers

URL http://www.ftu.fujielectric.com/
Fuji Electric Vietnam Co.,Ltd. *

Sales of electrical distribution and control equipment and drive control equipment
URL http://www.vn.fujielectric.com/en/

Fuji Furukawa E&C (Vietnam) Co., Ltd. *
Engineering and construction of mechanics and electrical works
Tel +84-4-3755-5067

Fuji CAC Joint Stock Company
Provide the Solution for Electrical and Process Control System
URL http://fujicac.com/

PT. Fuji Electric Indonesia
Sales of inverters, servos, UPS, tools, and other component products
URL http://www.id.fujielectric.com/

P.T. Fuji Metec Semarang
Manufacture and sales of vending machines and their parts
URL http://www.fms.fujielectric.com/

Fuji Electric India Pvt. Ltd.

Sales of drive control equipment and semiconductor devices
URL http://www.fujielectric.co.in

Fuji Electric Consul Neowatt Private Limited
Development, manufacuture, engineering, sales and servicing of UPS, Stabilizers,
Active Harmonic Filters and other component products

URL https://www.india.fujielectric.com/

Fuji Gemco Private Limited
Design, manufacture, sales, and engineering for drive control systems
Tel +91-129-2274831

Fuji Electric Philippines, Inc.
Manufacture of semiconductor devices
Tel +63-2-844-6183

Fuji Electric Sales Philippines Inc.
Sales of energy management systems, process automation systems, factory
automation systems, power supply and facility systems, and power generation
URL https://www.ph.fujielectric.com/

Fuji Electric (Malaysia) Sdn. Bhd.

Manufacture of semiconductor devices
URL http://www.fujielectric.com.my/

Fuji Electric Sales Malaysia Sdn. Bhd.
Sales of energy management systems, process automation systems, factory
automation systems, power supply and facility systems, and vending machines
URL https://www.my.fujielectric.com/

Fuji Furukawa E&C (Malaysia) Sdn. Bhd. *
Engineering and construction of mechanics and electrical works
Tel +60-3-4297-5322

Fuji Electric Taiwan Co., Ltd.
Sales of semiconductor devices, electrical distribution and control equipment, and
drive control equipment
URL http://www.fujielectric.com.tw/

Fuji Electric Korea Co., Ltd.
Sales of power distribution and control equipment, drive control equipment,
rotators, high-voltage inverters, electronic control panels, medium- and large-sized
UPS, and measurement equipment
URL http://www.fujielectric.co.kr/

Fuji Electric website
https://www.fujielectric.com/

Fuji Electric Co.,Ltd. (Middle East Branch Office)
Promotion of electrical products for the electrical utilities and the industrial plants
Tel +973-17 564 569

Fuji Electric Co., Ltd. (Myanmar Branch Office)
Providing research, feasibility studies, Liaison services
Tel +95-1-8382714

Representative office of Fujielectric Co., Ltd. (Cambodia)
Providing research, feasibility studies, Liaison services
Tel +855-(0)23-964-070
BEquity-method Affiliates
Fuji Furukawa E&C (Thailand) Co., Ltd. *

Design and installation contracting for electric facilities construction
Tel +66-2-308-2703

Fuji Electric Europe GmbH
Sales of electrical/electronic machinery and components
URL https://www.fujielectric-europe.com/

Fuji Electric France S.A.S
Manufacture and sales of measurement and control devices
URL https://www.fujielectric.fr/en

Fuji N2telligence GmbH *
Sales and engineering of fuel cells and peripheral equipment
Tel +49 (0) 3841 758 4500

Fuji Electric (China) Co., Ltd.
Sales of locally manufactured or imported products in China, and export of locally
manufactured products
URL http://www.fujielectric.com.cn/

Shanghai Electric Fuji Electric Power Technology
(Wuxi) Co., Ltd.
Research and development for, design and manufacture of , and provision of
consulting and services for electric drive products, equipment for industrial
automation control systems, control facilities for wind power generation and
photovoltaic power generation, uninterruptible power systems, and power electron-
ics products
Tel +86-510-8815-9229

Wuxi Fuji Electric FA Co., Ltd.

Manufacture and sales of low/high-voltage inverters, temperature controllers, gas
analyzers, and UPS
Tel +86-510-8815-2088

Fuji Electric (Changshu) Co., Ltd.

Manufacture and sales of electromagnetic contactors and thermal relays
URL http://www.csfe.com.cn/

Fuji Electric (Zhuhai) Co., Ltd.
Manufacture and sales of industrial electric heating devices
URL http://www.fujielectric.com.cn/fez/

Fuji Electric (Shenzhen) Co., Ltd.
Manufacture and sales of photoconductors, semiconductor devices and currency
handling equipment
URL http://www.szfujielectric.com.cn/

Fuji Electric Dalian Co., Ltd.
Manufacture of low-voltage circuit breakers
Tel +86-411-8762-2000

Fuji Electric Motor (Dalian) Co., Ltd.
Manufacture of industrial motors
Tel +86-411-8763-6555

Dalian Fuji Bingshan Vending Machine Co., Ltd.
Development, manufacture, sales, servicing, overhauling, and installation of
vending machines, and related consulting

Tel +86-411-8754-5798

Dalian Fuji Bingshan Control Systems Co., Ltd.
Energy management systems, distribution systems, and related system engineer-
ing

Tel +86-411-8653-6010

Fuji Electric (Hangzhou) Software Co., Ltd.
Development of vending machine-related control software and development of
management software

URL http://www.fujielectric.com.cn/fhs/

Fuji Electric FA (Asia) Co., Ltd.
Sales of electrical distribution and control equipment
Tel +852-2311-8282

Fuji Electric Hong Kong Co., Ltd.
Sales of semiconductor devices and photoconductors
URL http://www.hk.fujielectric.com/en/

Hoei Hong Kong Co., Ltd.
Sales of electrical/electronic components
URL http://www.hoei.com.hk/



Innovating Energy Technology

" Through our pursuit of innovation in electric and
thermal energy technology,
we develop products that maximize energy efficiency and
lead to a responsible and sustainable society.

Geothermal Power Plants Power Semiconductors Power Conditioning Systems

Inverters Uninterruptible Power Systems Vending Machines
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