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Current Status and Prospects of Measurement and
Control Technologies

Kenichi Kurotani * Yuji Todaka

ABSTRACT

In order to realize a safe and reliable sustainable society, measurement and control technologies are essential.
Fuji Electric has developed measurement and control technologies in many fields including power, industrial, water
treatment, and commercial fields and achieved good results. In accordance with Japan’s New Growth Strategy and
Basic Energy Plan, as well as global market and technological developments, we are moving forward with techno-
logical development focused on energy and environment. The key for these technologies is to create them smarter,
safer, and greener. We are pushing forward with approaches for solutions that achieve the optimal service and op-
eration of energy supply, distribution, and up to the demand side, realize energy conservation, resource conservation,
and decrease the environmental burden, and that ensure safety and peace-of-mind.

1. Introduction

Fuji Electric has previously developed measure-
ment and control technology for realizing power sav-
ings, automation, higher efficiency and higher reliabil-
ity in public infrastructure for power, transportation,
water treatment, etc., in industrial fields such as for
steel, chemical, automotive, electrical and electronic
equipment, and in consumer fields for buildings,
stores, vending machines, automotive devices, etc., and
has realized many pioneering achievements. Aiming
to realize measurement and control technology that
will contribute to solutions to such social challenges as
global warming, declining birthrates and aging popula-
tions, and the realization of safety and peace-of-mind,
and such management challenges as globalization and
increasing competitiveness, Fuji Electric is presently
advancing technical development with a focus on the
fields of energy and the environment. Additionally,
in the wake of the Great East Japan Earthquake, Fuji
Electric is attempting to initiate new efforts to realize
a sustainable society.

This special issue introduces measurement and
control technology for realizing energy conservation
and societal safety and security, as well as solutions
that use this technology. In this paper, Japanese stra-
tegic and global technical trends and issues relating
to the manufacturing industry and concerning mea-
surement and control technology, as well as the corre-
sponding efforts by Fuji Electric are described.

¥ Fuji Electric Co., Ltd

2. Trends and Issues for Measurement and
Control Technology in The Global Market

2.1 Japan’s New Growth Strategy
In June 2010, the Japanese Cabinet approved the
“New Growth Strategy: A Scenario for Revitalizing a
Strong Japan” consisting of the following seven strate-
gies.
(a) National Environment and energy strategy
based on green innovation
(b) National health strategy based on life innova-
tion
(c) Asian economic strategy
(d) National tourism policy and regional revitaliza-
tion strategy
(e) Science, technology and information communi-
cation strategy
() Employment and human resources strategy
(g) Financial strategy
Additionally, in order to promote these initiatives
effectively, 21 national strategic projects having par-
ticularly strong potential to contribute to economic
growth were selected. Of these projects, the following
are noteworthy for their potential to contribute to mea-
surement and control technology.
(1) Rapid increase in renewable energy due to adop-
tion of “feed-in tariff”
(2) “Future Environmental City” concept

2.2 2011 Basic Energy Plan and Energy Conservation

Technology Strategy

In June 2010, a comprehensive review of Japan’s
Basic Energy Plan was conducted. However, further
review is necessary in light of the Great East Japan
Earthquake and the accident that it caused at the Fu-
kushima Daiichi Nuclear Power Station. In addition
to the basic energy policy of the “3Es” (energy security,



environmental protection (global warming prevention),
and efficient supply), policies for realizing economic
growth centered on energy and for restructuring the
energy industry have been newly added. Also, increas-
ing the percentage of self-supplied energy and in the
percentage of zero-emission power sources*!, maintain-
ing and strengthening the world’s highest level of en-
ergy utilization efficiency in the industrial sector, and
the like have been set as targets for the year 2030.

In March 2011, the Japanese Natural Resources
and Energy Agency established the “2011 Energy
Conservation Technology Strategy,” which identifies
key fields that contribute significantly to energy con-
servation, an important element of the Basic Energy
Plan®. Based on a review of all aspects of the previ-
ous strategy, policies that exhibit a significant energy
conservation effect as a result of the systematizing of
various technologies, technologies that contribute to
the manufacture and dissemination of products having
an extremely high energy conserving effect when used,
policies that pursue the development of energy conser-
vation from entirely new perspectives etc. were identi-
fied to enable energy conservation from unconventional
viewpoints.

Moreover, among the important technologies
shown in Fig. 1, in addition to the technologies shown
in the industrial sector, home and business sector and
transportation sector, power electronics technology,
such as high-efficient inverters, and next-generation
network technology for thermal and electric power,
such as a next-generation energy management system
(EMS) for optimizing the regional usage of energy, are
cited as technologies that span across sectors, and are

*1: Zero-emission power source: A power source originating
from nuclear power or renewable energy such as solar,
wind, geothermal, or biomass power.
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expected to contribute with measurement and control
technology.

2.3 Trends of measurement and control technologies

Recent trends of measurement and control tech-
nologies in the global market are discussed below.

(1) International standardization

Standardization of energy and industrial processes
in the measurement and control field is actively be-
ing advanced mainly by International Electrotechni-
cal Commission (IEC) standards such as TC8, TC59,
T65 and TC95. International standardization is also
actively being pursued from the perspectives of elec-
tronics, networking, wireless systems for industrial
automation, and systems. Smart grid support is ac-
tively being advanced primarily by National Institute
of Standards and Technology (NIST) in the US in
conjunction with TEC. Standardization of wireless
systems for industrial automation is being advanced
through Wireless-HART from the HART Communica-
tion Foundation and SP100 from the International
Society of Automation (ISA). As a method of local
communication for the remote reading of gas meters,
Japan has proposed a multistage radio relay method
based on IEEE 802.15.4 g. For the safety of machinery
and equipment, standardization in various fields and
devices is being advanced with ISO 12100 (machinery
safety) and IEC 61508 (functional safety of electri-
cal systems) positioned as upper-level standards, and
safety instrumented systems and the like are being
introduced in Japan.

For EMS, standardization similar to that of ISO
9000 for quality management and ISO 14000 for envi-
ronmental management was promoted, and went into
effect as ISO 50001 in June 2011.

(2) Sensor technology

From the perspective of safety and security in re-
sponse to a major earthquake or accident, radiation
dosimeters, seismographs and gas detectors, and the
like have attracted attention. Additionally, from the
perspective of addressing global warming and envi-
ronmental issues, electric power smart meters, and
exhaust gas analyzers for plants and incinerators have
also attracted attention. On the other hand, in order
to simplify installation and maintenance, long-term
and maintenance-free operation with wireless sensors
and batteries or self-supplied power are required. To
achieve these goals, micro electro mechanical systems
(MEMS) (see “Supplemental explanation 1”7 on page
46) technology is used to achieve miniaturization and
power savings.

(3) Control technology

Since the 1990s, model predictive control, neural
networks, optimization technology and the like, to-
gether with information technology, have been applied
to home appliances, automobiles and other such prod-
ucts in industry and society, and have contributed sig-
nificantly to improved control performance and energy
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conservation. On the other hand, due to sluggish de-
mand stemming from the collapse of Lehman Brothers,
production systems are desired to have the capability
to respond to fluctuations in production volume at low
cost. As a means for realizing this, the proper adjust-
ment and use of PID controller parameters, together
with methods for control performance monitoring,
modeling in a closed loop and parameter adjustment
are again attracting attention.

(4) Smart grid and smart community technology

Smart grids got their start as next-generation
transmission and distribution networks that utilize in-
formation and communication technologies. This con-
cept has been extended to the creation of eco-friendly
urban spaces (smart communities and smart cities)
enabled by smarter electric power, as well as a smarter
overall public infrastructure of heat, gas, water, etc.
Field tests are being carried out in Japan in such cit-
ies as Kitakyushu and Yokohama. Funded by invest-
ments that are a magnitude of order larger, smart
grid and smart community projects overseas in China,
India and the Middle East are moving forward as part
of new urban development.

In preparation for a rapid increase in the adoption
of distributed power sources such as solar power and
wind power in the future, measurement sensors for
the fine-grained control of power distribution systems,
control technology for control terminals and next-gen-
eration power distribution systems, as well as a cluster
energy management system (CEMS) regional level en-
ergy management system are being developed.

(5) Energy management system (EMS)

Efforts aimed at introducing renewable energy
such as solar power and realizing energy savings are
progressing. To realize such goals, the overall energy
supply and demand must be managed and operated
integrally or in a concerted manner, and EMS fulfills
that role. In addition to the conventional types of EMS
for building and factories, i.e., building EMS (BEMS)
and factory EMS (FEMS), development is being ad-
vanced for specific applications such as CEMS at the
regional level, retail EMS (REMS) for retail distribu-
tion, home EMS (HEMS) for homes, etc.

2.4 Changes in the business environment and challenges

Recent changes in the business environment for
Fuji Electric’s customers, especially in the manufactur-
ing industry, and the accompanying major challenges
and needs are described below.
(1) Support of sustainable environment and society

In addition to the energy conservation initiatives
traditionally promoted in order to mitigate global
warming, even further power conservation is required
in Japan. Specifically, in the summer of 2011, each
customer within the Tokyo and Tohoku Electric Power
service areas was requested to reduce their maximum
power consumption by 15% compared to the year 2010.
Equipment and device miniaturization and power con-

servation, which have be promoted previously, the con-
tinuous monitoring and improvement of operating ef-
ficiency, and the efficient operation of privately owned
power generation facilities, including peak shifting and
utilization of new energy sources, have become neces-
sary. Moreover, in consideration of new reconstruction
in the Tohoku region, efforts must be made to realize
a sustainable society rather than merely implement
temporary measures. As an effective means for popu-
larizing electric vehicles and plug-in hybrid vehicles
(PHVs), there is also a need to move ahead with safe
and highly efficient vehicle-side drive control technol-
ogy as well as establishment of infrastructure such as
rapid charging stations. From the environmental per-
spective, measurement of low concentrations and trace
components in gas emissions and waste water from
businesses is needed in order to comply with hazard-
ous substance regulations (air pollution, water quality
pollution, RoHS*2, REACH*3, etc.).
(2) Ensuring high reliability and safety

Field equipment is becoming more and more com-
plex and sophisticated. Meanwhile, in Japan and
other developed countries, the experts who carry out
field work are aging and retiring one after another,
and there is concern about the ability to respond in
the event of emergencies. Therefore, equipment is
required to be highly reliable and safe, and operation
support technology for the early detection of signs
of abnormalities, estimation of the service life of fa-
cilities and equipment, and so on is anticipated so that
preventative measures can be implemented before a
failure occurs. Furthermore, in addition to traditional
reliability, system availability must be improved, and
design technology for enhanced fault-tolerance, earth-
quake resistance and the like is required. Moreover,
tasks must be simplified so that new workers can
engage in their work after receiving only short-term
training, and facilities and equipment that are safe
and can be operated easily even by non-experts are
needed. To attain these goals, ensuring safety by pro-
viding intelligent functions such as self-diagnosis and
functional safety on the equipment side for assisting
workers and by monitoring their health and state of
consciousness is required.
(3) Support of flexible manufacturing systems

Because of reduced demand and a supply shortage
of raw materials and electrical power, the manufactur-
ing industry is being forced to cut back on production
or to transfer the production to other sites. Manu-
facturing facilities and operational control are often
designed on the assumption of maximum production

*2: RoHS directive: EU (European Union) restriction on the
use of certain hazardous substances in electrical and
electronic equipment

*3: REACH: EU (European Union) regulation concerning
the registration, evaluation, authorization and restric-
tion of chemicals
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volume, and if the production volume is limited, energy
efficiency may decrease, and the control system stabil-
ity and control accuracy may not be maintained. In
situations with an uncertain outlook, a measurement
and control system that supports a flexible production
system and that is stable and has hassle-free mainte-
nance is required. Furthermore, production sites and
production lines must be able to be built, modified and
moved quickly and at minimal cost. For this reason,
equipment modularity, generalization and portability
are advancing trends. For this purpose, field devices
that use less wiring or that are provided with wireless
capability, and devices having a plug-and-play function
enabling operation simply by connecting equipment
are required.
(4) Support of a global business environment

In the manufacturing industry, products designed
for key markets must to be supplied to those markets
in a timely manner, and the locating of production
sites, development sites and business sites near the
desired markets is a progressing trend. On the other
hand, there is an ongoing trend of production sites be-
ing consolidated in countries and regions having low
costs, such as low labor cost. In response, technology
for the integrated management of distributed sites,
global supply chain management, security, the protec-
tion of intellectual property and the like has become
important. Additionally, because of the intermixing
of workers of different cultures, work standardization
and work history management must be performed on
the basis of a mutual understanding and respect of
different cultures, and worksite equipment must be
designed with greater levels of safety than in the past.

3. Fuiji Electric’s Efforts in Measurement and
Control Technology

In response to the challenges described in section
2, future measurement and control technology is re-
quired to provide solutions that contribute to improv-
ing management competitiveness through “visualizing”
processes and production, and realizing operation
that is “more comfortable, conserves energy and is
safe.” The trend toward physically distributed and
autonomous devices and components is progressing,
and meanwhile, system standardization and a seam-
lessly integrated environment from the perspective
of engineering services are required. In accord with
these factors, as shown in Fig. 2, Fuji Electric is mov-
ing ahead with technical development and product
commercialization by working to enhance smartness,
safety, and greenness.

Enhanced smartness means to make devices that
are smaller and that consume less power, as well as
to increase the efficiency of advanced information
processing functions for optimal plant operation and
the like, and to increase the business and operating
efficiency. Enhanced safety can be realized through
efforts to ensure safety and security by supplying a
functional safety system that supports high reliability
design, fault tolerance, and international standards.
Enhanced greenness is an eco-friendly initiative that
involves the measurement of energy and environmen-
tal impact, and efforts to realize energy conservation,
resource conservation, and so on. These development
and commercialization efforts will be realized based
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not only upon sensor and measurement technology and
control technology, but also on core technologies such
as information technology, electronic communication
technology and power electronics technology.

As shown in Fig. 3, Fuji Electric’s business areas
can be divided into the following three regions: an
energy supply (energy creation) side for geothermal
power plants, fuel cells and the like; a demand (energy
conservation) side for steel, electronic device, machine,
food, and chemical industrial fields, retail distribution,
internet data centers (IDCs) and the like, and; a dis-
tribution side (connection) for linking the supply and
demand sides. Product development for optimal and
safe operation, extending from the energy supply side
to the distribution and demand sides, and for realizing
solutions focused on energy conservation, resource con-
servation and reduced environmental impact is being
advanced at each hierarchical level, from devices and
modules to component productions, system products
and solution products. Additionally, efforts for achiev-
ing a “global Fuji Electric” are being advanced more
than ever before. In pursuit of “glocal” development
that meets the needs of local regions worldwide (glob-
ally), Fuji Electric has established development sites
in China, the US and Europe to enhance local develop-
ment.

Specific examples of these efforts are described
below.

3.1 Sensor technology

MEMS devices are an effective means for realiz-
ing power savings and resource savings in the sensors
and actuators used to constitute control systems. Fuji
Electric has long been committed to MEMS technology,
and has developed and commercialized such products
as measurement devices, radiation dosimeters, gas

analyzers and the like that incorporate MEMS technol-
ogy. Recently, Fuji Electric has been working on the
development of high-speed and high-sensitivity multi-
component gas analyzers, battery-operated methane
sensors that can be incorporated into gas alarm unit,
high performance vibration sensors for detecting ab-
normalities or signs thereof in buildings and for diag-
nosing the integrity of those structures, and vehicle-
mounted pressure sensors for use in various types of
control applications, and has achieved significant suc-
cess in realizing miniaturization and power savings.

In the field of radiation measurement, based on
case studies at nuclear power plants, an earthquake-
proof body surface contamination monitor that will
continue to operate even in the case of a magnitude
7 earthquake has been developed in order to ensure
greater safety. This device has been installed at the
boundaries of radiation controlled areas in nuclear
power plants, and measures the surface contamina-
tion of radioactive material on the body of a worker
exiting the controlled area. Furthermore, for the en-
vironmental radiation monitoring equipment, various
emergency measures are being implemented so as to
allow monitoring and measuring operations to con-
tinue even when an earthquake occurs. Also, in recent
years, management of pipe wall thickness has become
necessary in order to ensure stable operation at power
plants, and Fuji Electric has developed a new radiation
transmitting-type pipe thickness measurement system.
This pipe thickness measurement system utilizes a
3-beam calculation method to improve the measure-
ment performance, and is able to measure a thickness
profile through heat insulating material.

3.2 Control technology
Control technologies that perform optimization and
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that make predictions and diagnoses are core technolo-
gies for realizing energy savings and enhanced safety
in equipment and plants. Fuji Electric has been en-
gaged in the development of such control technologies
for many years as core technologies. Among these,
Fuji Electric has focused on PID control technology for
single-input, single-output systems, model predictive
control technology for multivariable systems, neu-
ral network technology for predictive and diagnostic
applications, multivariate statistical process control
technology, and nonlinear optimization technology for
optimizing large-scale complex problems such as power
networks. For model predictive control, even further
improvement in control performance was realized by
implementing the control in a programmable logic con-
troller (PLC) so that the control can be used in applica-
tions requiring long-term stable operation, and by em-
ploying an external disturbance rejection method using
an observer. Moreover, many control systems are said
to exhibit control performance degradation and a lack
of adjustment due to changes in the characteristics of
the controlled object, and in response Fuji Electric has
also developed a control performance monitoring func-
tion.

3.3 Monitoring and control system

Fuji Electric has delivered its “MICREX-NX” dis-
tributed monitoring and control system for medium
and large-scale applications to many plants, including
steel mills, water treatment plants, chemical plants,
etc. With the MICREX-NX, safety instrumented func-
tions and general instrumented functions can be mixed
on the same controller and engineering tools. Using
this feature, a safety instrumented system for a gas
production plant has been built and delivered.

To lower the cost for small and medium-scale ap-
plications, Fuji Electric has developed the “MICREX-
VieW,” a common platform for monitoring and control.
With an emphasis on ensuring compatibility with
preexisting monitoring and control systems made by
Fuji Electric, the MICREX-VieW has been designed
as a system that inherits the various assets of existing
systems. Moreover, redundancy of the operator sta-
tions, databases, control LANSs, controllers, I/O units
and other various devices that constitute the system is
also possible individually. Thus, not only can a highly
reliable system be newly constructed, but a system
can also be updated gradually in stages with a flexible
configuration. For small-scale applications, Fuji Elec-
tric has also developed the “MICREX-VieW Compact”
system that combines a general-purpose PLC and a
programmable display. By generating programs from
control function specifications such as instrumentation
flow diagrams and logic diagrams created with Visio**
office automation software, these monitoring and con-

*4: Visio is a trademark or registered trademark of Micro-
soft Corporation and its affiliates.

trol systems can realize an integrated environment
that facilitates engineering work.

In the field of machinery control, which includes
control for steel rolling mills, metal processing, print-
ing, packing and the like, high-speed, high-accuracy
multi-axis synchronous control systems are required.
To realize such drive solutions with a general-purpose
PLC, Fuji Electric has developed the “E-SX bus,” a
proprietary network that enables high-speed, high-
accuracy multi-axis synchronous control and large ca-
pacity I/0 control, and also the “SPH3000MM,” a new
high-speed CPU module equipped with the E-SX bus.

3.4 Wireless communication technology

For wireless technology, Fuji Electric established
a platform that facilitates the development and con-
struction of wireless systems that conform to the ISA
100.11a wireless standard for process automation. ISA
100.11a is a wireless networking standard that com-
bines the highly reliable performance and real-time
performance essential in industrial environments. A
wireless network system conforming to this standard
can be installed at locations in factories or plants
where a wired network would be difficult to construct,
and may be used for temporary installations during
construction or for testing, thereby enabling systems
to be constructed with an increased degree of freedom.

Smart metering technology is an important factor
for realizing smart communities. Based on technol-
ogy developed for electric energy meters and remote
metering system, smart metering technology capable of
bidirectional communication between electric utilities
or gas companies and individual consumers is being
developed by Fuji Electric. As wireless communication
technology for smart metering, a method for multi-
stage relay wireless operation with ultra-low power
consumption for long-term battery-powered operation
has been developed. This method is being advanced for
international standardization as IEEE 802.15.4 g.

3.5 EMS platform

Fuji Electric has previously developed EMSs for
various uses in the fields of electric power, steel mills,
water treatment, retail distribution and so on. A plat-
form that integrates these EMSs of different fields so
that CEMS, FEMS, BEMS and REMS can be used
with a common mechanism to construct systems effi-
ciently has recently been developed. Through handling
various energy models for electric power, heat, gas and
the like, this platform enables visualization, energy
management and energy conservation RENKEI con-
trol. The Web screen supports multiple languages, and
systems ranging in size from small-scale systems of a
single server to large-scale systems of several tens of
servers can be constructed with the same engineering
tools.
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4. Future Outlook

Needless to say, the importance of using renew-
able energy and of conserving energy will continue to
increase in the future, and measurement and control
technology will play a large role in the effective and
safe implementation thereof.

In present-day measurement and control systems,
the integration of engineering is progressing but the
engineering work as well as operation and mainte-
nance work still impose a large burden. Development
is underway to realize the following types of functions
in next-generation systems.

(a) Functionality that, in addition to measuring an
object or system to be controlled, also performs
data consolidation, and provides easy-to-under-
stand directions without a difficult operation
(improved visualization and operating ease in
next-generation equipment)

(b) Ability to add, modify and automatically setup
devices and functions while the system is run-
ning (plug-and-play functionality)

(¢) Wireless and self-powered sensors and measure-
ment devices

(d) Control scheme that does not require re-adjust-

ment (maintenance-free control)
(e) Intellectual property protection of software as-
sets, including embedded software

5. Postscript

Fuji Electric’s efforts and outlook for measurement
and control technology have been described herein
based on Japan’s strategies for growth and technology
relating to energy and the environment, and on global
market and technological trends.

To mitigate global warming, a reduction in COg2
equivalent greenhouse gas emissions worldwide to
at least 50% of 1990 levels is needed by 2050. In
response to the accident at the Fukushima Daiichi
Nuclear Power Plant, each nation is changing their ap-
proach to nuclear power and cannot continue with an
extension of their current efforts. New measures and
policies, including a review of our current lifestyles,
must be carried out in order to realize these aims.

With measurement and control technology posi-
tioned as a supporting pillar of our energy and envi-
ronmental business, Fuji Electric intends to contribute
to the realization of a safe and secure sustainable
society.
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Energy Management Solutions to Support Energy
Conservation Activities

Naoki Azumaya © Donghui Xiang © Naoto Tatta

ABSTRACT

The energy environment that surrounds Japanese businesses is becoming increasingly severe with demands
for reductions in energy consumption. Environmental improvements that make day-to-day and continuous energy
management possible have become necessary. In order to resolve the many issues that reside in the current state of
energy management systems, Fuji Electric is working on energy management solutions that take into consideration
both the supply side and the demand side. Energy analysis templates and the energy conservation navigation func-
tion based on the MainGATE/PPA process performance analysis package improve operation systems. The energy
conservation operation framework contributes to improvements in the customer energy conservation work process.

1. Introduction

With the revision of the “Law Concerning the
Rational Use of Energy” (Energy Conservation Law)
and the strengthening of regulation and standards
such as ISO 50001, an international standard for en-
ergy management issued in June 2011, as well as con-
cerns about medium-term tightness in the supply and
demand of energy due to a revised national energy pol-
icy resulting from the effects of the Great East Japan
Earthquake, Japanese companies find themselves sur-
rounded by an environment of increasing demands for
lower energy consumption and peak shifting of energy
usage.

In the efforts to reduce and peak-shift the energy
consumption by companies, limits are already being
seen in the effectiveness of individual and local mea-
sures, and corporate management needs to be chal-
lenged to provide a company-wide environment that
supports daily and continuous energy management
and improvement.

Among the various energy conservation activities
and techniques, this paper focuses on energy manage-
ment and energy conservation analysis, and catego-
rizes the present challenges. As solutions to overcome
these challenges, a framework for energy management
solutions provided by Fuji Electric and a newly devel-
oped push-type information delivery function known
as “energy conservation navigation” are introduced
herein.

2. Challenges Facing Energy Conservation
Activities

“Energy management” is attracting attention as

T Fuji Electric Co., Ltd.

a key word for energy conservation activities. Table
1 summarizes recommended improvements that were
submitted to the Energy Conservation Center, Japan
in response to plant energy audits from 1997 through
2005 for various companies. “General management”
(mainly energy management) is the most common rec-
ommendation, and accounts for one-third of the total.
Moreover, if facility operation management, reference
value management and the like are included, the im-
provement recommendations account for more than
eighty-percent of the total.

In regards to recent “energy management” ac-
tivities, attention is focused on the collection of energy
supply and consumption data, and on the provision of
an information infrastructure to analyze energy sav-
ings using that collected data.

It is often observed, however, that the essential en-
ergy data cannot be collected, or that the energy data
is collected but the various information from measure-
ment values is left as raw data, and is not fully utilized
in actual energy conservation management and energy
conservation analysis.

In order to improve this situation, solutions are
needed to overcome the following three main chal-
lenges.

(1) Interdepartmental integrated energy management

(1st challenge)

Energy management is typically overseen by an
equipment prime mover department that is involved
with the energy supply-side, and so the energy man-
agement is not integrated with the manufacturing
department, business department and the like on the
energy demand-side. There is a need for bidirectional
integrated supply-demand energy management and
energy conservation activities such as energy demand-
side operation that is aware of the supply side, and
conversely, optimal supply operation whereby the en-
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ergy supply-side is aware of load fluctuations. With
energy management based solely on energy data, this
challenge would be difficult to resolve, but by imple-
menting management in accordance with the operating
state of the facility and the manufacturing conditions
at the energy load-side, effective energy management

Table 1 Recommended improvements based on plant energy
conservation audits

Percentage to

Recommended improvement items total number of

recommended
improvements
General maintenance (5,393 items) (33.6%)
Energy management system 7.0%
Measurement and recording implementation status 6.1%
Management of amount of energy usage 5.8%
Energy specific unit management of main o
5.2%
products
Management of device maintenance 4.4%
Load leveling measures 3.2%
Process improvement 1.9%
Air conditioning & refrigeration equipment (13.7%)
(2,200 items) oA
Energy conservation measures 5.2%
Management of air conditioning & o
. B : : 5.0%
refrigeration equipment operation
Management of cooling equipment operation 1.6%
Management of auxiliary operation 1.4%
Cold storage & refrigerating equipment 0.5%
Pumps, fans, ete. (2,249 items) (14.0%)
Management of pneumatic equipment operation 8.1%
Management of pump & fan operation 4.1%
Installation plans for cogeneration, etc. 1.8%
Boiler, industrial furnace, steam system, etc. 3
’ . b el /
(2,830 items) (17.6%)
Management of boiler & industrial furnace combustion 3.4%
Heat insulation, heat retention and prevention o
RPN 2.4%
of heat dissipation
Management of boiler & industrial furnace o
d . 2.4%
operation and efficiency
Exhaust gas temperature control, Waste heat recovery 2.3%
Utilization of steam drain recovery 1.9%
Management of steam leaks & heat retention 1.8%
Steam operation management 1.1%
Utilization of waste heat & waste water 1.0%
Optimization of steam piping system 0.6%
Management of heat exchanger operation 0.5%
Load leveling of the steam system 0.2%
Lighting, electrical equipment, etc. 91 19
(3,380 items) (21.1%)
Management of lighting equipment operation 6.8%
Management of power receiving facility 5.5%
Management of transforming facility 4.2%
Management of electric motor capacity & operation 3.0%
Management of electric heating equipment and operation 1.6%

(Source: Guidebook on Energy Conservation for Factories. The Energy
Conservation Center, Japan)
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for improving the energy conservation activities be-

comes possible.

At the stage in which information sharing and to-
tal optimization have not yet been implemented among
the various departments, measures are needed upper-
most to enable energy management that is aware of
the energy load-side and to enable improvement activi-
ties.

(2) Creation of mechanism for operation and evalu-
ation directly linked to improvement (2nd chal-
lenge)

At the stage in which energy data management is
performed on a daily basis but a great deal of time is
spent performing that data management, and the ener-
gy conservation analysis results and managed data are
not yet effectively used for improvement, the creation
of a mechanism for operation and evaluation that is di-
rectly linked to improvement is needed.

(3) Establishment of business processes for energy
conservation activities (3rd challenge)

The collection of energy data has been made easier
as a result of advances in measurement technology.
The construction of an information system for collect-
ing data will establish a means for energy manage-
ment, the ultimate objective of which to cycle through
the PDCA {Plan (to set targets), Do (to improve), Check
(to evaluate), Action (to reconsider)} cycle as part of
daily work. The establishment of a method for analyz-
ing the collected data and work processes for energy
conservation activities are becoming increasingly im-
portant.

3. Fuji Electric’s Energy Management

To realize optimal energy management, energy
management that visualizes the challenges (performs
a factor analysis of the results) involved in integrat-
ing energy supply and demand (Fig. 1), and a PDCA
cycle for an energy conservation improvement activity
process are important. Through constructing an opti-
mal energy management infrastructure, a “mechanism

Electricity,
G erg

R

Energy-supplying facilities

Compressor

2 0il
Energy-utilizing facilities
Production | [Manufacturing]
plans. conditions
f ies
Operation 5
Tecor: record

Production line

Power generating
facility

Power receiving | {
facility

00 06

| Analysis of causes for resul'>

Causes

Fig.1 Fuji Electric’s “energy management that visualizes chal-
lenges”
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capable of predictive planning” and a “mechanism ca-
pable of carrying out activities” can be provided. The
construction of a mechanism for optimal energy man-
agement leads to a “visualization of challenges” for
energy conservation and countermeasures, and allows
the correction of production activities, leading to im-
proved energy operation and energy conservation in ac-
cordance with the particular challenge, and the adop-
tion of energy saving devices and control technology,
thereby enabling effective evaluations and corrective
actions that can be incorporated into daily and regular
cyclic energy conservation activities.

In order to realize “energy management that vi-
sualizes challenges,” Fuji Electric provides an energy
management system (EMS) that uses the “MainGATE/
PPA” process performance analysis support package.

For the manufacturing industry, the ability to
organically combine energy measurement data with
operation information about utility facilities and pro-
duction facilities, production volume, and other manu-
facturing information, and to perform energy analyses
is a major advantage of this system. Moreover, this
system can also be used in energy analyses for heat
sources, transport dynamics, lighting, electric outlets,
air conditioning, and the like for building energy man-
agement systems (BEMS) as well.

Moreover, based on the knowledge Fuji Electric
has acquired from many years of experience in EMS
construction, an “energy analysis template” can be
used to construct such a system easily.

For the 1st challenge described above in section 2,
Fuji Electric has utilized “energy analysis templates”
and MainGATE to realize better visibility of energy
management and energy conservation improvement
issues with integrated energy supply and demand.
For the 2nd challenge, Fuji Electric has developed an
“energy conservation function” as a MainGATE add-
on function, and has constructed a mechanism for
improved operation that directly addresses the chal-
lenges. Additionally, for the 3rd challenge, Fuji has
prepared an “energy conservation operational frame-
work” that aims to improve customer energy conserva-
tion work processes.

3.1 Energy analysis templates

Energy analysis templates support energy conser-
vation in terms of the three perspectives of “energy
consumption analysis,” “facility/system control analy-
sis” and “facility/system performance analysis” in or-
der to spiral up energy conservation activities. By sys-
tematizing the work sequence and points to be visual-
ized in the course of carrying out the management, the
templates help to visualize the energy management
work processes.
(1) Energy consumption analysis

By organizing energy management flow diagrams
from various perspectives, such as energy summaries
for each hierarchical layer and summaries for each ap-

plication (area, process, facility), and by analyzing each
load pattern and the energy share of each load time
interval, important targets that promise to exhibit a
large improvement effect can be identified. Templates
for this use are provided.

(2) Facility/system control analysis

Comparative analysis of the energy status of im-
portant targets and their respective operating states
can lead to improvement of the important targets.
Templates for reassessing operation control according
to the load, reviewing optimal control methods, and the
like are provided in order to transition from individual
optimization to total optimization.

(3) Facility/system performance analysis

Through visualizing key performance indicators
(KPI) such as the standalone operating efficiency of en-
ergy supply facility and the system efficiency of group
control facility, the operation of facility having high
standalone operating efficiency can be prioritized so as
to lead to an improvement in total system efficiency.
Templates are also provided that enable the continu-
ous analysis of production volume fluctuations and
energy consumption as a result of specific energy con-
sumption (see Supplemental Explanation 2 on page 46)
management on the energy usage-side.

Energy analysis templates from these three per-
spectives are interrelated and are incorporated in Fuji
Electric’s “MainGATE/PPA” energy management sys-
tem. “Energy consumption analysis” enables the user
to focus on problem locations, “facility/system control
analysis” enables identification of factors that contrib-
ute to the problems and “facility/system performance
analysis” enables operation evaluation directly linked
to improvement.

Through activities based on these perspectives,
energy conservation activities can be enhanced. Fig. 2
shows examples of the energy analysis templates.

Energy consumption analysis
e

il

Primary energy
Facility/system control analysis

Heat quantity
sorted in descending
order (stack graph)

A Energy share
consumption gy

(stack graph)

B

Pump and heat source
quantity control
& verification

Cooling tower control

& verification Pressure histogram

Facility/system performance analysis

-~ | e | | - e
Transport efficiency
verification

Energy specific unit
management

Psychrometric chart

Fig.2 Examples of energy analysis template
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Additionally, the MainGATE/PPA package was de-
veloped based upon the concept of EUC (end user com-
puting), and when installed, it facilitates the addition
of content and performance of maintenance by end us-
ers themselves, and provides powerful support for con-
tinuous energy conservation activities in accordance
with the “energy analysis templates.”

3.2 Energy conservation navigation function

To date, Fuji Electric has utilized energy analytic
techniques and the MainGATE/PPA from the three
perspectives of “energy consumption analysis,” “facil-
ity/system control analysis” and “facility/system per-
formance analysis” to provide customers with solutions
for improving their energy conservation activity cycles.
However, there are limits to the human resources and
time resources that customers have available for ana-
lytic work, and in recent years, in order to discover ad-
ditional energy conserving items, an environment that
supports more efficient energy conservation analysis is
sought.

In response to such customer needs, an analysis
support environment known as the “energy conserva-
tion navigation function” has been developed as an
add-on feature to the MainGATE/PPA. This energy
conservation navigation function allows relevant en-
ergy conservation knowledge of experienced energy
managers to be shared and the analytic workload to be
streamlined.

(1) Concept

The energy conservation navigation function pe-
riodically monitors the status of energy supply and
demand in terms of the three perspectives described
above in section 3.1, and configures “scenarios” that
lead to “awareness” of the relevant issues and that are
used to discover energy conservation issues automati-
cally.

Through performing scenario monitoring in real-
time, energy consumption factors such as facility dete-
rioration and abnormal behavior, load fluctuation fac-
tors, control factors, external factors can be detected in
a timely manner, and the energy utilization state can
be improved.

In a number of scenarios, in the case of specific en-
ergy consumption management, for example, the spe-
cific energy consumption may be affected by the opera-
tion of energy-consuming facility that exhibits energy
usage characteristics uncorrelated to fluctuations in
production volume, and by work fluctuations due to hu-
man intervention.

The energy conservation navigation function can
be used to register scenarios related to the specific en-
ergy consumption so that the correlation between the
specific energy consumption and the operation state of
fasility can be monitored. By automatically specifying
the point in time when the specific energy consump-
tion becomes greater than the average value, and then
extracting the facility operation status during that

12

same time band, facility that degrades the specific en-
ergy consumption and that does not contribute to the
production can be identified. Based on the findings of
the energy conservation analysis, scenarios for which
automatic monitoring is possible can be organized and
registered so that facility operation states can be sug-
gested with awareness of the appropriate energy utili-
zation for the manufacturing floor.
(2) Functions
The energy conservation function is an add-on to
the MainGATE/PPA, and consists primarily of the
following two functions. Fig. 3 shows the relationship
among energy conservation functions.
(a) Scenario selection and registration function
With the scenario selection and registration
function, a scenario is selected from a list of scenario
judgment logic (specific energy consumption evalua-
tion, efficiency evaluation, system loss, comparative
judgment, management curve, etc.), and condition
setting and management data registration can be
carried out according to the selected scenario. Two-
stage judgment level settings, reminder messages
that correspond to the level, and e-mail message
destinations can be registered.
(b) Periodic scenario monitoring and energy conser-
vation advisory action function
This function performs the real-time monitoring
of registered scenarios at an appropriate period, and
sends a reminder message if the scenario judgment
condition is satisfied. Additionally, this function
displays a list of energy conservation advisory ac-
tions, and outputs an energy conservation analysis
template graph that can be used to specify the ener-
gy fluctuation factors corresponding to the scenario.
Fig. 4 shows the extraction of outstanding values of
the specific energy consumption, and specifies the
operation time (fluctuation factor) of fluctuating
facility affected by the specific energy consumption.
The energy conservation navigation function,
through performing real-time monitoring of a va-
riety of KPI, specific energy consumptions and op-
eration control conditions, and comparing a normal
energy supply and demand scenario to the actual re-

1 EANSPOSTRIS ] wiSHTE-FPENS]

E-mail transmission
< LSeY) . . roy servation advisory acti
“ “Scenario” periodic (energy conservation advisory action)

monitoring

j 391€9ti011 and Energy conservation
registration advisory action list

Frmmrreny T
Fig.3 Relationship among energy conservation navigation
functions
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Fig.4 Example of automatic monitoring by energy conservation navigation function

sults, provides energy conservation factors (aware-
ness) and leads to daily improvements.

The various scenarios in the energy conserva-
tion navigation function are provided with energy
conservation know-how and are also converted into
templates, so that they can easily be introduced into
customer energy conservation activities.

3.3 Framework for energy-conserving operation

Based on experience in energy conservation and
EMS construction, Fuji Electric has systematized the
energy analysis templates and energy conservation
activity perspectives, management standards, view-
points and the like, and has entered analysis evalua-
tion specifications into a database to create a database
of energy conservation know-how (Fig. 5).

Additionally, based on the workflow of ISO 50001,
an international standard for EMS, in each of the vari-
ous phases of system installation, analysis, revision
and so on, customer energy conservation activities and
system operation support workflow have been system-
atized as an energy conservation activity PDCA cycle.

The “energy conservation operational framework”
begins with an overall image of the framework, and in
accordance with the facility and operation categories
shown in Fig. 5, classifies and organizes pre-operation
advance preparation materials, perspectives for energy
conservation activities, analysis and evaluation speci-
fications that extract effective measurement locations,
and examples of energy conservation.

By applying the energy conservation framework to
customer energy conservation activity cycles, energy

Facility and operation category

Energy conservation
analysis and
Energy | evaluation

D 1. Power distribution DQ. Steam, air, water,
facility plumbing
(2! ndustriallfurnace 110! Lighting equipment
D 3. Cogeneration
4. Air compressor 12. Heat transfer facility
(C715. Cooling & heating £)13. Ventilation equipment
machine C

Specification

11. Hot water supply system

Making
datﬁbase

Analysis and 3
evaluation
specification

14. Lifting equipment categ{ory

[D6. Cooling tower
. Air conditioner

8. Boiler

15. Office equipment
(_]16. Production facility
Other

Fig.5 Energy conservation know-how database (Analysis and
evaluation specification)

waste can be detected easily and an operation standard
for efficient energy management can be provided.

4. Postscript

This paper has introduced Fuji Electric’s energy
management solutions that support energy conserva-
tion activities. Upon this foundation, Fuji Electric aims
to build a next-generation EMS that achieves “total
optimization of energy supply” and “total optimization
of energy consumption” by organically combining re-
newable energy, electrical storage facilities, heat stor-
age facilities, and utility facilities, for which demand is
expected to increase.
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“MICREX-VieW” for Small and Medium-scale Monitoring and
Control System Platforms in Energy & Environmental Fields

Mitsunori Fukuzumi © Kisaburo Sasano © Koji Ishino

ABSTRACT

Fuji Electric has supplied distributed monitoring and control systems to various fields. Recently, we have devel-
oped the monitoring and control system platform “MICREX-VieW” and its derivative “MICREX-VieW Compact”, which
expand the range of applications for small and medium-scale systems and maximize compatibility with our existing
systems. They feature high reliability through redundancy, resource inheritance for existing systems, automatic gen-
eration of control software by specification definition, and cost performance improvement due to the platform technol-
ogy. They feature packages and templates for various fields and can be applied to broad fields including power gen-

eration plants, garbage incinerator plants, and food plants.

1. Introduction

Fuji Electric has supplied many distributed con-
trol systems (DCS) to power plants, petroleum plants,
chemical plants, water treatment plants and the like
for use in the energy and environmental fields. Fig. 1
shows the product line of distributed control systems
provided by Fuji Electric. The “MICREX-NX” DCS
provides high reliability through redundancy, and by
leveraging its advantageous ability to realize safety in-
strumented functions and general instrumented func-
tions with the same controller and engineering envi-
ronment, is increasingly being used in applications to
large-scale safety instrumented plants and the like.

Recently, Fuji Electric has developed the
“MICREX-VieW” monitoring and control system plat-
form for small and medium-scale applications that pro-

[
-

Medium and large-scale

Function

Small and medium-scale

S |

Fig.1 Lineup of monitoring and control system products

¥ Fuji Electric Co., Ltd.
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vides high reliability and maximizes compatibility with
our existing systems.

The MICREX-VieW is a system that realizes high
cost-performance by integrating operation and support
system platforms and sharing hardware and control
software. Additionally, the MICREX-VieW is a sus-
tainable system capable of maintaining and inheriting
various assets of existing systems, and flexibly sup-
porting customer plans for equipment updating. For
small-scale applications, Fuji Electric has developed
the “MICREX-VieW Compact” small-scale monitoring
and control system which is based upon the MICREX-
VieW and configured from a programmable operation
display (POD) and a general-purpose programmable
logic control (PLC). This paper introduces features
and application examples of the MICREX-VieW, the
MICREX-VieW Compact, and their integrated support
system.

2. “MICREX-VieW” Small and Medium-Scale
Monitoring and Control System Platform

2.1 Overview

The “MICREX-VieW” small and medium-scale
monitoring and control system platform targets small
to medium-scale plants, and allows redundancy of such
components as the controller, network and human
machine interface (HMI) to realize an optimal level
of high reliability that meets customer needs. Use of
the MICREX-VieW at the time of plant updating en-
ables the maximum utilization of customer assets and
the updating of plant equipment to be accomplished
according to customer needs with the minimum in-
vestment. Moreover, in terms of operation and main-
tenance, the MICREX-VieW enhances plant visualiza-
tion with minimal engineering cost and reduces the
lifecycle cost of the entire plant.



Enterprise information system
(ERP, MES, ...)

Backbone
system,

execution Ethernet*
management (information LAN)

Remote
monitoring

*Ethernet is a trademark or registered trademark of Fuji Xerox Co., Ltd.
EPAP: Ethernet precision access protocol

MICREX-VieW
Web server
function T
Monitoring, H . . H . .
Operation Operator station Operator station Engineering
Ethernet — ~——==5 station
(control LAN) I
(Redundant line) .
L N
(Redundant] Redundant CPU \
system) Redundant
I network R . Redundant
U U DeviceNet ecunaan
Control O fi_ REd;rolgva(BI;tsupply L fi_ OP‘SN-I 1 control LAN
| | - %Sl'-hl';terface Controller
P Ethernet (EPAP) -in
(Equalization bus) (Redundant line)
| E-SX bus | @
ST High reliability : B %I
components 1/0 unit ;
IPUII (redundant) Inverter, € . 1/0 device group
motor

Fig.2 MICREX-VieW system configuration example

2.2 Features
(1) Highly reliable system that supports stable opera-
tion

Figure 2 shows an example configuration of the
MICREX-VieW system. With the MICREX-VieW, be-
cause components such as the operator stations, data-
base, control LAN, controller CPU module, power sup-
ply, communication modules, I/O transmission path,
I/0 unit and the like can be made redundant as neces-
sary, the optimal high reliability system can be built to
realize stable operation. Additionally, all component
elements of the I/0 unit, i.e., the power supply module,
bus interface module, internal bus, and I/O module
(analog I/0 module, digital I/0 module) can also be
made redundant.

In the case where an I/0 module fails, the system
can continue to operate while only the failed I/0 mod-
ule is isolated (fail-soft operation), and then after the
failed I/0 module has been replaced, recovery from the
fail-soft operation can be carried out.

(2) Hardware downsizing

The controller unit has combined Fuji Electric’s
PLC miniaturization and cost-lowering technology
with the high reliability and control technology culti-
vated with DCS. The result is an approximate 70% re-
duction in size compared to the prior model.

(3) Inheritance of various assets of existing systems

The updating of an existing DCS system is often

performed in piecemeal fashion, i.e., in stages ac-
cording to the schedule of the customer. With the
MICREX-VieW, interfaces to existing equipment are
available for the HMI, controller and I/0 unit so that
these new units can be intermixed and used with other
various units of an existing system. Accordingly, the
HMI, controller and I/0 unit can be updated indepen-
dently in MICREX-VieW without having to modify the
existing application software. Thus, updating can be
performed in stages, with the HMI updated first, and
followed by the controller and finally the I/0 unit, for
example. The plant monitoring screens of an existing
system have typically been created with supervisory
control and data acquisition (SCADA) software such
as InTouch*!, iFIX*? and Citect*?, and a single system
may have than 100 such screens. The MICREX-VieW
is configured such that varieties of SCADA software
can be used as add-ins to the HMI platform so that the
existing screen software can be ported without modifi-
cation.

(4) Visualization of equipment operating conditions,

interlock, circuit status

*1: InTouch is a trademark or registered trademark of
Invensys plc, USA

*2: iFIX is a trademark or registered trademark of General
Electric Company, USA

#3: Citect is a trademark or registered trademark of Ci
Technologies Pty. Limited, Australia
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With Fuji Electric's DCS, equipment operating con-
ditions and sequence conditions can be automatically
generated from the control specification into the con-
troller program by using the automatic conversion tool
“HEART-BELIEVE.” The resulting generated software
can be monitored on an engineering station. With the
MICREX-VieW, the operating conditions, interlock
and circuit state, and the like generated with HEART-
BELIEVE can be displayed automatically on an op-
erator station, so that monitoring can be performed
as part of the usual operation. Individual monitoring
screens can be linked freely from the plant monitoring
screen (see Fig. 3).

(5) Visualization from remote location

A remote monitoring function enables the monitor-
ing screen of an operator station to be displayed and
operated as-is from an office other than the monitoring
room or from an offsite location, thereby making pos-
sible the remote visualization of the plant state.

An automatic email sending function can be used
to acquire the alarm state and the plant state, thereby
making possible unattended operation of the plant.
Additionally, through coordinating with remote moni-
toring at Fuji Electric's call center, trouble can be re-
sponded to rapidly.

(6) High-level monitoring and control function
(a) Model predictive control (MPC)

Model predictive control, previously being only
realizable on a PC or other dedicated device, has
been implemented in the controller of the MICREX-
VieW. As a result, MPC is easier to apply, has a
higher level of reliability and can contribute to long-
term stabilized control and labor-savings.

(b) Control performance monitoring (CPM)

In cases where adjustment is insufficient or,
because of age-related deterioration or the like, the
dynamic characteristics of the object to be controlled
fluctuate and the control performance deteriorates,
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the true control performance of the plant may not
be demonstrated. A control performance monitoring
function has been developed to detect such deterio-
rations in the control performance. By monitoring
the control performance and detecting deterioration
in that performance, the control can be readjusted
and device maintenance performed in order to real-
ize stable operation.
(¢c) Precise synchronization control

The “E-SX” bus, a high-speed synchronous con-
trol bus, has been developed. The throughput
has been improved significantly, and high-precision
multi-axis motion control can be performed for up to
8 axes at a control period of 0.25 ms.
(d) C language application software

C language application software can be installed
in the CPU module to realize higher level control
functions and information processing functions.

3. “MICREX-VieW Compact”

3.1 Overview

The “MICREX-VieW Compact” (VieW Compact)
can be used to configure a compact monitoring and
control system at the lowest possible cost. As shown
on the left side of Fig. 4, the minimum configuration
consists of a combination of only the programmable

Minimum

: 1 Integrated monitoring and |[Central monitoring room]
configuration

management with a MICREX-VieW
MICREX-VieW and

multiple VieW Compacts

<>

MONITOUCH [Business
office A]
M TELLUS
_‘ [Local panel]
m MONITOUCH
MICREX-SX “ plitis
T T
View I  NEn
Compact MICREX-SX
VieW Compact
[Business
office B]
TELLUS

[Local panel]
ONITOUCH

Ju
=L
W@
MICREX-SX
VieW Compact

Fig.4 Scalable system configuration example
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display “MONITOUCH” and the general-purpose PLC
“MICREX-SX,” and is ideally suited for updating
single loop controllers and the like. Moreover, flex-
ible scalability allows for easy coordination with the
MICREX-VieW system. Additionally, because of a
common shared platform with the MICREX-VieW sys-
tem, the aforementioned high-speed monitoring and
control function can also be implemented in the VieW
Compact.

3.2 Features
(1) Compatible package

The VieW Compact system can be used for electri-
cal control and instrumentation control. For instru-
mentation applications, the View Compact is equipped
with internal instruments (PID controller position-type
output, PID controller velocity-type output, proportion
computing unit, integrator, etc.) and input process-
ing functions (temperature and pressure compensa-
tion, dead time generation, moving average, lineariza-
tion, etc.), which are software packages in common
with those of the MICREX-VieW of the host system.
Variable gain and sample PI control, which have a
proven track record with Fuji Electric's single loop con-
troller, can also be supported. By implementing opti-
mal control with diverse functions, the VieW Compact
can be used to reduce energy consumption, and applied
to control systems, such as for boilers that reduce the
emissions of substances harmful to the environment,
or other types of control.

(2) Scalable system structure

With a configuration that is scalable according to
the size of the control system and the application, the
VieW Compact can be applied to plants and equip-
ment optimally. The system can be used in scalable,
i.e. the number of devices per PLC is selectable from
2 to 32, and it can provide various configurations from
the smallest system having a 1:1 ratio of standalone
PLC and programmable operation display, to large
system with multiple PLCs, and configurations com-
bined with the host system. Additionally, by installing
“TELLUS”, the same screen as shown on the program-
mable operation display can be displayed and manipu-
lated on a PC, so that monitoring and operations can
be performed from a business office and the like (Fig.
4).

Depending on the scale, 48 K steps or 256 K steps
can be selected for the PLC. Additionally, high-reli-
ability redundant controllers are also supported. The
programmable operation display has excellent envi-
ronmental durability and is suitable for onsite installa-
tion. Display screens are available in 8-inch, 10-inch,
12-inch and 15-inch size variations, and can be select-
ed as necessary.

A VieW Compact used in a small-scale plant may
easily be enlarged in the future corresponding to an
expansion of the monitoring and control operations.
Flexible scalability is also supported, such as subse-

quent add-on installation of the VieW Compact to an
existing monitoring and control system such as the
MICREX-VieW for the purpose of localized onsite mon-
itoring and control.

4. Integrated Support System

4.1 Overview

The integrated support system is able to integrally
manage support tools and application software, which
previously existed separately for each device. This sys-
tem aims to reduce the total cost of ownership (TCO)
through engineering for high quality and improved
maintainability (Fig. 5).

4.2 Features
(1) Integrated support system

With the integrated support system, the execu-
tion of unified operations such as batch backup with
a single action, and the integrated management of ap-
plication software for each tool have the net effect of
reducing human error. As shown in Fig. 5, a system
configuration diagram can be created, and a support
tool for each device can be activated from that screen.
Moreover, because the automatic generation of system
definitions, device adjustment, network start-up, diag-
nosis, maintenance, etc. can be performed at a single
location from the system configuration diagram, main-
tainability is improved.
(2) Compliance with international standard

Support tools for the controller comply with the
TIEC 61131-3 (JIS-B3503) international standard and
can be used worldwide. Applications can be created
using ladder language (ladder diagrams), function
block diagram (FBD) language, structured text (ST)
language, instruction list (IL) language, and sequential
function chart (SFC) language.
(3) Automatic generation of control software accord-

ing to specification description

HEART-BELIEVE is a tool for creating control
function specifications such as instrumentation flow
diagrams, interlock block diagrams (IBD) and the like

N‘Servo loa(ier - POD editor

— i

System configuration diagram

Fig.5 Integrated support system

*4: Visio is a trademark or registered trademark of
Microsoft Corporation, USA and its affiliates
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by using Visio** general-purpose office automation
software. By automatically generating control applica-
tion software for the controller from the created control
function specifications, the engineering work efficiency
can be improved and high quality application software
can be realized. Moreover, the creation and editing of
specifications can be accomplished easily by dragging
and dropping function symbols.

The control function uses a platform independent
model (PIM) that can continue to operate even if the
platform changes. Additionally, by developing plat-
form specific models (PSMs) for required platforms,
a structure that supports multiple platforms can be
built. Because platforms ranging from PLCs for small-
scale systems to DCS controllers for large-scale sys-
tems are supported, the range of possible applications
is wide (Fig. 6).

In accordance with the control function specifica-
tions, the state during operation with a PLC can be
monitored and engineering work, ranging from the cre-
ation of specifications to onsite adjustment, operation
and maintenance, can be comprehensively supported.
(4) Simulation function that runs on a PC

A simulation tool that can execute simulation of a
system connected with multiple HMIs and controllers
has been developed for use on a single PC (Fig. 7).

By testing the created application software to-

PSM
PIM
Platform independent (felsgﬁ]irgm Platform

Control function specification/
HEART-BELIEVE

General-purpose
PLC

Small and
medium-scale
controller

etc.

Large-scale
controller

I,:!

=)

Various dedicated loaders,

software for each platform

Automatic generation of application

Fig.6 Platform independent application software generation

Controller

gether with an HMI as a system, without using actual
devices, the quality of the application software can be
improved prior to actual physical testing.

Additionally, by combining the simulation function
with a plant simulator or an apparatus simulator, sim-
ulations that closely resemble an actual plant or equip-
ment are possible.

5. Application Examples

The MICREX-VieW and the VieW Compact can be
used as control systems for various types of small and
medium plants. Several examples of applications to
the energy and environment fields are presented be-
low.

5.1 Monitoring and control system for geothermal power

plant

With the aim of establishing a low carbon society
and in consideration of the problem of electric power
shortages, geothermal power plants are attracting at-
tention as a renewable energy source. Geothermal
power plants have much lower CO2 emissions than
thermal power plants that use fossil fuels such as oil
and coal, and in terms of global environmental protec-
tion, are an excellent method for generating power. A
geothermal power plant captures geothermal steam
from a steam producing well, and rotates a steam tur-
bine to generate electricity.

Figure 8 shows an example of the MICREX-VieW
applied to a geothermal plant monitoring and control

Remote monitoring

Operator
station

Operator
station

==l (Control LAN)

(Redundant
system)

L — Ethernet (EPAP)
(Equalization bus) (Redundant line)

o
U

Steam-water

separator Steam turbine (
! Fan
Steam *L ]
produging :
well L it A
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well

Cooling tower
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well

Fig.7 Combined simulation of HMI and multiple controllers
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Fig.8 Geothermal power plant monitoring and control system
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system. The steam flow rate from the steam produc-
ing well and the pressure are controlled with this
system, and high reliability is required. The system
is configured using redundant operator stations and
controllers for high reliability. Additionally, because
operation during the nighttime is unattended, the au-
tomated e-mail sending function of the MICREX-VieW
is used to transmit process error signals and the like.
The MICREX-VieW is also provided with a function for
switching between multiple languages and is ideal for
applications overseas where many geothermal power
plants exist.

5.2 Monitoring and control system for waste incineration

plant

A waste incineration plant is a plant that inciner-
ates municipal waste, and in addition to controlling the
combustion, must also limit the generation of dioxins
and the emission of toxic gas to within regulated lev-
els. The MICREX-VieW is equipped with automatic
combustion control (ACC), and through implement-
ing optimal control for an incineration plant, is able to
minimize the generation of dioxins and the amount of
sulfur oxide (SOx) and nitrogen oxide (NOx) emissions
released into the atmosphere. The MICREX-VieW
also contributes to the effective utilization of energy
by monitoring and controlling the power demand, per-
forming selective trip coordination and the like, and
selling electric power back to the power companies.

Further, one characteristic of waste incineration
plants is that compatibility with existing applications
is strongly required at the time when updating the
control system. Because the software of the MICREX-
VieW has a high level of compatibility, the amount of
engineering work can be reduced. Moreover, HMISs,
controllers and I/0 units can be gradually updated in
piecemeal fashion so as to minimize the plant down-
time (Fig. 9).

Prior system New system

MICREX-IX/AX MICREX-VieW
FL-net =
compliant
LAN
Operation| [ Standby|
Ethernet
|
IPUII IPUI IPUI

Fig.9 Gradual updating of a waste incineration plant manage-
ment and control system

5.3 Management, monitoring and control system for food
plant

A food plant is a type of batch plant in which con-
trol functions center on batch sequences in the manu-
facturing process and sequence control in cleaning pro-
cess and the like.

In the food plant management, monitoring and
control system shown in Fig. 10, brand management
and sequence control for manufacturing processes is
performed with the MICREX-VieW and Fuji Electric’s
“FLEXBATCH” brand management system, and sched-
ule management, results management and the like
are performed with the combination of a host system
manufacturing execution system (MES) and a trace-
ability system.

In the food industry, in response to social condi-
tions concerning food and an increase in citizen aware-
ness of food safety, manufacturing management and
quality management in a plant must be implemented
rigorously and information management is needed. A
traceability system, in conjunction with a MES and a
monitoring and control system, associates raw mate-
rial number with manufacturing and shipping lot num-
bers to realize history management of the food manu-
facturing processes.

In the event of a defective product such as due to
contamination, the history management mechanism
can be utilized to issue instructions rapidly to recover
products from consumers or to stop selling the prod-
ucts, thus supporting the provision of safe food to con-
sumers.

5.4 Updating the control apparatus in a small-scale facility
The following is an example in which the VieW
Compact is used for updating an existing single loop
controller in the control apparatus of a small-scale fa-
cility or turbine, boiler or the like (Fig. 11).
Utilizing the advantageous feature whereby exist-
ing single-loop controllers can be gradually updated

Food production management
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system
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Visualization of quality

Raw ' |¢> Manufac-

material turing

@lShlpping

| Quality / manufacturing / work historyl
Inquil@ @
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destination,
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Raw,
material
Manufacturing results

Fig.10 Management, monitoring and control system for food
plant
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Business office

Existing equipment

VieW Compact

Fig.11 Updating of control equipment in small-scale facility

in stages of several units at a time, five single-loop
controllers were updated at first. Housing a high-
reliability redundant PLC inside the existing panel
and mounting the MONITOUCH programmable op-
eration display on the surface of that panel provides
high-performance operation without any sense of unfa-
miliarity compared to the existing equipment. In con-
sideration of the amount of engineering work needed

20

and the post-operation support maintenance, HEART-
BELIEVE was used for the PL.C software.

Plant and equipment visualization can be en-
hanced by installing TELLUS in a notebook PC located
in a business office and establishing a configuration in
which monitoring is possible.

6. Postscript

This paper has presented an overview and descrip-
tions of the features of the small and medium-scale
monitoring and control system platform “MICREX-
VieW” and its derivative “MICREX-VieW Compact”
for use in the fields of energy and the environment.
Fuji Electric intends to continue to supply high per-
formance, high quality systems and solutions through
responding accurately to customer needs for asset in-
heritance, gradual updating in stages, improved main-
tainability and the like, and aiming to further increase
customer satisfaction.
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“E-SX Bus” & “SPH3000MM” Promising
High-speed, High-precision Motion Control

Eiji Nishimura * Toshiyuki Nishiwaki © Kazuhito Nagatsuka

ABSTRACT

In the plant control and machine control fields, further improvements in quality and the stabilization and stream-
lining of operations are required. Fuji Electric has developed the high-speed/high-precision synchronou s“E-SX Bus”,
a backbone bus for configuring control system, and the high-speed/high-performance “SPH3000MM” CPU module
to execute applications. These enable high-speed and high-precision motion control while also making it possible
to flexibly expand applications up to large-scale systems with numerous 1/O points. As application examples, high-
speed and high-precision motion control has been achieved in multi-color printing machines and steel/iron plant sys-

tems.

1. Introduction

In the field of plant control for iron and non-ferrous
material production, paper manufacturing and so on,
and in the field of machinery control for metal process-
ing, printing, packaging and so on, higher quality and
operational efficiency are required. In order to achieve
these goals, while maintaining the ease of system con-
struction and engineering based on general-purpose
controller, a high-speed and high-precision control sys-
tem that can be built flexibly according to the control
target is needed.

For high performance machinery, for example,
applications that combine sequence control for control-
ling a variety of inputs/outputs and multi-axis motion
control (see supplemental explanation 3 on page47)
that require high-precision synchronization must be
easy to build. Such applications must acquire data
from sensors at a period of several hundred microsec-
onds, and control multiple actuators synchronously
with precision of 1 microsecond or less. Large plants
typically have control periods ranging from several
microseconds to several tens of microseconds, and often
have more than 10,000 inputs and outputs, and control
systems have traditionally been realized by connect-
ing multiple controllers in a networked configuration
which increases costs.

Thus, to realize high-speed high-precision mo-
tion control functionality based on general-purpose
controller technology and to support large systems
having numerous inputs and outputs, Fuji Electric
has developed the high-speed high-precision synchro-
nous “E-SX” bus as a backbone bus for controllers and
the “SPH3000MM” high-speed high-performance CPU
module for running applications. This paper describes

T Fuji Electric Co., Ltd.

features and presents application examples of the
E-XS bus and the SPH3000MM.

2. Overview of Systems That Use The
SPH3000MM

Fuji  Electric’'s “SPH3000MM” CPU module
equipped with an E-SX bus is an important component
for implementing high-speed high-precision motion
control and for realizing large control systems. The
SPH3000MM is positioned as the top-level model of
Fuji Electric’s “MICREX-SX” series and has the follow-
ing features:

(a) High-speed computations: Top speed of 9 ns per
instruction

(b) Capable of synchronous control among 32-axial
drive machines with accuracy within +1 us

(¢) Dual processing engines enable synchronous ex-
ecution of application programs

(d) High-speed I/0 with 25 us response speed

(e) Large I/0 capacity up to 4,096 wordsx2 systems

An example system configuration for motion con-
trol is shown in Fig. 1.

(1) High-speed, high-performance CPU module

The new CPU module can be mounted on an exist-
ing baseboard, and used with a conventional SX bus or
in a multi-CPU module configuration. Furthermore,
because the CPU module has two processing engines
and is equipped with a dual-system E-SX bus to which
high-speed I/0 devices and drive control devices can be
connected, application programs can be run simultane-
ously for sequence control and motion control.

(2) “SX-Programmer” support tool

Support for the creation of application programs
for sequence control and motion control of multiple
CPU modules, the setting of system definition param-
eters, fault diagnosis, monitoring operation, and so

21
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Fig.1 Example system configuration for motion control

on can be provided by a single IEC 61131-3 compliant
support tool “SX-Programmer” (2 models: Expert and
Standard).
(8) I/0 devices and drive control equipment

Having a 25 us response performance which is
faster than before, the E-SX bus supports connections
to digital/analog inputs and outputs and other I/0
devices such as high-speed counters and encoders,
as well as drive control devices such as inverters and
servo amplifiers. Furthermore, with an E-SX bus ag-
gregative interface module, the extensive lineup of I/0
devices and communication devices for the SX bus can
be utilized via the E-SX bus.

3. Features of The “E-SX bus” That Realizes
High-Speed, High-Precision Synchronous
Communication

The “E-SX bus” utilizes 100 Mbit/s Ethernet*!
technology in its physical layer, and is a hybrid-type
motion control bus that realizes a high-speed and high-
precision synchronous communication function that
are necessary for drive solutions, a large capacity 1/0
data transfer function, a message communication func-
tion and a loopback function. The E-SX bus has the
following features.

(1) Scalability

The E-SX bus can flexibly support various systems,
ranging in size from small to large, and with a total
length of up to 1 km, is capable of connecting up to 238

*1: Ethernet is a trademark or registered trademark of Fuji
Xerox Co., Ltd.
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stations separated by up to 100 m, with a maximum
input/output size of 4,096 words (8 times greater than
before).

(2) High-speed, high-precision synchronization

When connected to 32 input and output devices,
the E-SX bus is capable of high-precision synchronous
control with accuracy within +1 us.

(3) Large input and output data capacity

In consideration of the runtime required for ap-
plications, the data capacity has been increased to 4
times the prior capacity, and at the fastest control pe-
riod of 0.25 ms, 67 words of input and output data can
be processed, or in the case of a control period of 1 ms,
512 words can be processed. Up to 4,096 words can
be processed at a control period of 3 ms, and the E-SX
bus is well-suited for application to large plants having
many inputs and outputs.

(4) Highly efficient transmission protocols

The transmission protocols have evolved from Fuji
Electric’s proprietary SX bus and have been greatly
improved. In addition to the cyclic I/0O refresh commu-
nication protocol and message communication protocol,
a system management protocol for control commands,
initial processing and the like is also provided.

These transmission protocols are realized with a
high-density integrated circuit (LLSI) developed by Fuji
Electric, and achieve an effective data transmission ef-
ficiency of greater than 70%.

(5) Degenerate continuous operation and wire break-
age detection

The E-SX bus uses a configuration (daisy chain
connection) that does not require a hub or the like.
Other features of the E-SX bus include a function for
supplying power from the bus to other stations and
a loopback function for times when there is a broken
wire. As a result, even if devices are powered-off,
wires break, or other bus errors occur, degenerate con-
tinuous system operation will be possible whereby, by
excepting some system functions, the system will con-
tinue to operate. The E-SX bus is also provided with
a RAS function for identifying broken wire locations,
which improves the ease of maintenance when replac-
ing equipment.

4. Characteristics of The “SPH3000MM” High-
Speed High-Performance CPU Module

(1) High-speed high-precision control and large capac-

ity memory

The new CPU module employs a multi-engine
architecture as shown in Fig. 2. A system manager
and two processing engines are connected through a
synchronous bus equipped with a distributed shared
memory access function. The processing engine, in
combination with high compression compiler technol-
ogy, realizes a maximum execution performance of 9
ns/instruction. Control period error is less than +1 us,
and control can be realized with less fluctuation than
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Fig.2 SPH3000MM multi-engine architecture

with prior models.

Additionally, the memories for programs and user
data are separate for each processing engine, and sub-
stantial applications can be constructed with a large
program memory (max. 512 K steps with 2 systems)
and a large data memory (max. 4,096 words with 2
systems).

(2) Separation of processing engines and functions
between the 2 systems

The processing engines are connected to an in-
ternal synchronous bus, and the execution period is
synchronized to within +1 us among the processing en-
gines. Accordingly, even in cases where 32 I/0 devices
are connected to the E-SX bus of each system, the out-
put timing among systems can be synchronized within
13 us. Furthermore, in the case of the maximum con-
trol rate of 0.25 ms, multi-axial motion control can be
implemented for up to 8 axes (4 axesx2 systems).

The exchange of data among processing engines
is carried out in the background via a shared memory
space in order to maintain synchronization. Thus, the
exchange of data among the two engines, which is typi-
cally performed frequently, can be accomplished with
great ease and users are able to create distributed ap-
plications without regard to process synchronization.
In addition, by distributing the sequence control and
motion control functions and running them on two pro-
cessing engines in parallel, the processing time can be
reduced easily.

Furthermore, with two systems of processing en-
gines, by setting one processing engine to a period
that is an integer multiple of the other engine, a high-
speed motion control application program as well as an
equipment control application program, which handles
large amounts of data and has a slower control cycle,
can be run on a single CPU module.

Thus, flexible systems can be constructed by utiliz-
ing the distributed processing function in accordance
with the control object.
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Fig.3 Example of multicolor printer
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Fig.4 Example of mill pressure control system
5. Application Examples

(1) Application to a high-speed high-precision motion

control system

Multi-color printing is an example of an applica-
tion in which high-speed high-precision synchronous
motion control is required. With a minimum configu-
ration of the motion control system, an 8-axial synchro-
nous system can be realized with 4 axes per system
and a control period of 0.25 ms, and with a general-
purpose controller, motion control can be realized with
the maximum speed and precision. During the 0.25 ms
control period, 0.12 ms of run time can be ensured for
the application program, and high-precision position-
ing control such as interpolation control can be imple-
mented.

Figure 3 shows an example of a multi-color printer.
By performing high-precision synchronization of a
vertical axis that controls paper feeding, multi-color
printing, paper discharging and other processes with
respect to a virtual main axis, high-resolution color
printing without print unevenness can be processed
quickly. To realize the required printing accuracy
(within 0.015 mm) at a printing speed of 300 m/min,
the synchronization accuracy must be within 3 us.
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Fig.5 Example of control system for iron process line

With the SPH3000MM, by using one system for the
virtual main axis and the paper feeding and discharg-
ing units, and another system for the multi-color print-
ing unit and so on, application programs that flexibly
separate the functions of customers’ equipment and
that realize high-speed high-performance synchroniza-
tion can be constructed easily.
(2) Application to a steel plant system

A steel plant control system is a large-scale sys-
tem configured from many detectors and actuators,
as well as equipment for their control, operation and
monitoring. Of these component parts, high-speed per-
formance is especially required of the electric control
system, which includes electric motors and solenoid
valves.

(a) Application to mill rolling force controller

A mill rolling force controller is a device that uses
an apparatus known as a mill (a rolling mill), consist-
ing of multiple rollers, to control materials such as
steel, copper or aluminum to a predetermined thick-
ness (Fig. 4).

Material discharged from the upstream side is
rolled according to the position of the rollers and the
tension applied to the material as it passes through
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the mill. Because the state of the material passing
through the mill changes from moment to moment,
controlling the material to a predetermined thickness
requires that the state of the material and the equip-
ment be measured with various sensors, and that the
mill be controlled to an optimal state. Various control
methods have been proposed, and the extent to which
information from the sensors can be accurately incor-
porated is critical to the realization of these methods.
Requirements for control equipment are as follows.
(1) High-speed and reliable input from detector
(Magnescale, absolute encoder, etc.)
(@) High-speed processing, high-speed period
(i) High-speed synchronous output of instruc-
tions to actuator

Previously, these requirements were met by using
a dedicated control device, narrowing down the control
functions and increasing the processing speed.

The SPH3000MM, with its high-speed processing
performance, coupled with the high-speed high-preci-
sion synchronization function as well as the high-speed
input/output capability for detectors and actuators
provided by the E-SX bus, enables advanced control
functions to be realized easily while maintaining high-
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speed performance with few restrictions.
(b) Application to the control system for a process
line
A process line is a facility for processing iron and
nonferrous materials such as by heating, acid washing,
plating, coating and so on. In the case of a large-scale
system, a process line may consist of drive units for
driving several hundred electric motors, numerous
solenoid valves, detectors and monitoring devices; and
the control system may have a control period of several
tens of milliseconds, and the number of inputs and out-
puts may exceed 10,000 points (Fig. 5).
Requirements for such a system are as follows.
(1) Scalability according to system size
@) High-speed connectivity with distributed
equipment
() Easy connectivity with third-party equipment
With the SPH3000MM, an optimal configuration
can be assembled for the required control performance

*2: PROFIBUS-DP is a trademark or registered trademark
of PROFIBUS User Organization

of systems ranging in size from small to large. Fur-
thermore, in addition to the E-SX bus, conventional
buses (P/PE link, T link) and open buses (FL-net,
PROFIBUS-DP*?, etc.) are also supported, and thus,
systems that mix older model devices and third-party
equipment can be easily connected.

6. Postscript

Controllers equipped with the SPH3000MM CPU
module and the E-SX bus can be used to construct var-
ious types of high-speed, high-precision and large ca-
pacity motion control systems. It is the authors’ hope
that the content described in this paper will contribute
to the manufacture of high quality products required
by various plant systems and machinery and to the re-
alization of stable and efficient operation.

To resolve the challenges facing manufacturing
sites, the authors intend to continue to expand the
range of applications of controllers.
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“ZP Series” of Small,
High-sensitivity Infrared Gas Analyzers

Yuki Masunaga * Hideyuki Konishi © Kozo Akao *

ABSTRACT

Fuji Electric provides two types of infrared gas analyzers: small single beam types with a simple construction,
and double beam types that have high sensitivity but are large and require complicated adjustments, and has devel-
oped a small, high sensitivity infrared gas analyzer with a single beam. By creating a measuring section with higher
sensitivity and employing sample switching (SSW), the analyzer achieves low density measurements that surpass
the double beam measurement range. The analyzer can be used in a wide range of applications from metal heat
treatments and monitoring applications for biomass-/waste-related generated fuels that require high density mea-
surements, to low density exhaust gas monitoring and monitoring impurities in pure gases that require low density

measurements.

1. Introduction

Fuji Electric’s gas analyzers have been used exten-
sively in various industries for applications involving
the measurement of gas concentrations, such as for
combustion control, emissions gas monitoring and pro-
cess control in various plants. In these applications,
infrared gas analyzers are used to measure nitrogen
oxides (NOy), sulfur dioxide (SOg), carbon monoxide
(CO) and carbon dioxide (COz2) concentrations, and are
used as environmental monitors to measure the com-
bustion exhaust gases emitted from various industrial
furnaces including garbage incinerators, boilers, steel
production plants, cement production plants, and for
the monitoring and control of gases inside furnaces.

With recent advances in control technology for
combustion furnaces and incinerators and advances
in techniques for removing toxic substances, the con-
centrations of NOyx, SO2 and COgz in exhaust gases are
tending to decrease. Thus, the purpose of measure-
ment, in addition to the conventional goal of control-
ling and monitoring exhaust gas, is often to prove that
exhaust gas is not being emitted or is at low concentra-
tions, and the ability to provide stable measurements
of low concentrations of gas is increasingly sought.

Overseas, particularly in emerging nations such
as China and India that are experiencing remarkable
economic growth, large markets have been created
in this field. To promote the widespread usage of gas
analyzers overseas, performance improvements, as
well as standardization and simplification of the usage
methods are needed.

This paper describes Fuji Electric’'s new type of
gas analyzer that realizes high performance and ease
of use. Representative application examples are also

discussed below.
2. Product Overview

Fuji Electric’s lineup of infrared gas analyzers
include small single-beam types having a simple con-
struction, and double-beam types that have high sen-
sitivity but are large and require complex adjustments.
Figure 1 shows the structure of the measurement unit
of a single-beam type, and Fig. 2 shows the structure of

Gas inlet Gas output Front expansion
Infrared chamber
source
Il L | / Rear
/ expansion
chamber
M|:t — Chopper Sample cell Detector
otor i i Mass flow
: Signal processing
J |Display operation unit sensor
Output Preamplifier

Fig.1 Configuration of single-beam type measurement unit

Chopper Motor Trimmer Mass flow sensor

Distribution cell
(and interf\erence filter) / Reference cell
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Preamplifier -

Interference |.2

Sse;;(c)r Infrared Sample cell compensation| -5
signal SOUICe  Gas inlet Gas output detector E
.[3%

¥ Fuji Electric Co., Ltd.
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the measurement unit of a double-beam type.

Fuji Electric has newly developed the “ZP series”
of small high-sensitivity infrared gas analyzers which
aim to achieve performance superior to that of the con-
ventional double-beam type.

By increasing sensitivity of the measurement unit
and adopting a method of sample switching, Fuji Elec-
tric successfully developed an analyzer that achieves
improved stability, is capable of measuring low concen-
trations and is easy to use. Additionally, component
parts were made standardized so as to create a flexible
product lineup able to support requirements for mea-
surements ranging from low to high concentrations.

3. External Appearance and Specifications

Figure 3 shows the external appearance and Table
1 lists the main specifications of the ZP series. The

4. Product Features

(1) Small-size, high sensitivity measurement

The thickness of the sensor film of the mass flow
sensors used in the detectors of conventional infra-
red gas analyzers was reduced to improve detector
sensitivity. Moreover, the smaller size and increased
sensitivity of the measurement unit enabled the single-
beam minimum measurement range (conventionally 0O
to 200 ppm) to be reduced to 0 to 5 ppm, which is a 40-
fold improvement.

With the smaller size of the measurement unit,
even when equipped with a sample switching function

series is provided as a general-purpose model (model: °®
ZPA) that covers the conventional single-beam mea- ” S50
surement range (0 to 200 ppm), a high-end model o] -
(model: ZPB) that covers the conventional double-beam
range (0 to 50 ppm), and a low concentration model
(model: ZPG) that enables measurement of even lower
concentrations of 0 to 5 ppm. Fig.3 Appearance of “ZP series”
Table 1 Main specifications of the ZP series

Ttem ZPA \ ZPB 7ZPG

Measurement principles and
measured components

NO, SOg, CO2, CO, CH4: Non-dispersive infrared absorption method,
Og: Selected from among magnetic, galvanic cell and custom zirconia methods

Measurement method Standard

Sample switching

Range ratio

1:10 max.

NO :0 to 200 ppm
SOz : 0 to 200 ppm
o COz2 : 0 to 100 ppm
Minimum measurement range CO :0 to 200 ppm

CHy : 0 to 500 ppm

NO :0to 50 ppm
SOz : 0 to 50 ppm
COg2 : 0 to 50 ppm
CO :0to 50 ppm

NO :0to 10 ppm
SOz : 0 to 10 ppm
COz2: 0 to 5 ppm
CO :0to5 ppm

02: 0 to 5 vol% (in the case of magnetic or custom zirconia methods)

NO :0 to 5,000 ppm
SOz : 0 to 10 vol%

. COz2 : 0 to 100 vol%
Maximum measurement range CO :0to 100 vol%

CHy : 0 to 100 vol%

NO :0 to 5,000 ppm
SOz : 0 to 5,000 ppm
COsz : 0 to 25 vol%

CO :0to 5,000 ppm

NO :0to 100 ppm
SOz : 0 to 100 ppm
COg2 : 0 to 50 ppm
CO :0to 50 ppm

O2: 0 to 100 vol% (in the case of the magnetic method)

Warm-up time 4 hours

2 hours

External I/0

Analog output DC4 to 20 mA, 550 Q or less, 12 points
Analog input 0 to 1V, 1 point
Contact output 24 VDC, 1 A 15 points max.
Contact input 12 to 24 V DC, 5 to 20 mA 9 points max.

Same as the left, 4 points max.
Same as the left, 1 point
Same as the left, 15 points max.
Same as the left, 6 points max.

Power supply/

AC100 to 240 V

power consumption 50/60 Hz, approx. 100 VA

50/60 Hz, approx. 120 VA | 50/60 Hz, approx. 100 VA

Dimensions (mm)

483 (W) x 418 (D) x 132.5 (H)

Linearity

+1.0%F'S or less

Repeatability

+0.5%FS or less (0 to less than 200 ppm is +1.0%F'S or less)

+2.0%FS or less per week

Drift (zero point) (total of NO & SO2 drift for

+2.0%FS or less per day)

no more than 0 to 500 ppm is

+0.5%FS or less/week

Drift (span)

+2.0%FS or less/week

Response speed (90% response)

30 seconds or less

“ZP Series” of Small, High-sensitivity Infrared Gas Analyzers
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(described below) is installed, the size remains the
same as that of a conventional single-beam analyzer
and the volume is less than one-half that of a conven-
tional double-beam analyzer (see Fig. 4).

(2) Cancellation of zero point drift

Previously, low concentration measurements us-
ing a single-beam type analyzer incurred significant
drifting of the zero-point due to the effect of ambient
temperature changes, contamination inside the mea-
surement cell and the like, and in order to maintain
stability (refer to “Zero-point drift performance” (Ex-
planation 4 on page47)), measurements were limited
to the range of 0 to 200 ppm. With the ZP series of
products, however, a sample switching method is used
and stable measurements can be obtained even when
measuring low concentrations.

Figure 5 shows the configuration of the sample
switching method.

In the sample switching method, a sample gas
and a reference gas corresponding to a zero gas are
switched at a certain period, introduced to the mea-
surement unit, and alternatively measured to ob-
tain measurements while continuously monitoring the
zero-point. As a result, in principle, the drift of the

( =

oo o ° o]

169

578

Y

(a) Conventional model: “ZKJ” double beam-type

/e
H“ TOUEE
124.5

(b) New model: “ZP series” single beam-type

Fig.4 Comparison of conventional and new models (side view
drawings)
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Infrared *Samp le

SOUICO

Motor Chopper

Detector

Reference gas
(equivalent
to N, or zero)

1

Gas flow path +« NO : Normal Open, NC : Normal Close

zero-point is cancelled. Fig. 6 shows the mechanism for
cancelling the zero-point drift. The measured values
correspond to “concentration amounts,” and even if the
zero-point drifts, only the change in output is seen, and
therefore the amount of drift is negligible.

Consequently, stable measurements can be ob-
tained even in the vicinity of the zero-point.
(38) Simple maintenance

Because a single-beam is used, there is no need for
the optical balance adjustment that is required with
the double-beam method. Additionally, the measure-
ment unit has a simple structure that facilitates main-
tenance such as cell cleaning.
(4) Product series that supports a wide range of mea-

surements

The ZP series is suitable for a wide range of ap-
plications ranging from the monitoring of metal heat
treatments and of the generation of fuel from biomass
and waste where measurement of high concentrations
of gas is required to the monitoring of low concentra-
tions of exhaust gas, the monitoring of impurities in
pure gas, and so on where measurement of low concen-
trations of gas is required.

5. Application Examples

Application examples that use this analyzer are
introduced below.

In actual-use scenarios, pre-treatment equipment
provided with dust removal and dehumidification func-
tions must also be used. Table 2 lists main application
examples and models of the ZP series.

(1) Thermal power boiler

Figure 7 shows an example of the application of an
analyzer in a thermal power station.

Thermal power plants generate electricity by com-
busting various types of fuel such as heavy oil, coal and
natural gas to boil off steam in a boiler, thereby caus-
ing a turbine to rotate and generate electricity. Gas
analyzers are used to measure Oz and CO levels for the
control of boiler combustion, to measure pre- and post-
NOx levels of equipment for the control and monitor-
ing of NOx removal equipment that removes nitrogen

Gas switching period Reference
amp

Sample iReference
gas

d=

Output
Zero-level! Amount of ~ Equivalent

Z€r0-pomnt  concentration
drift

of signal

\

X . Solenoid valve switching Time

Fig.5 Configuration of sample switching method
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oxides from exhaust gas after combustion, and to mea-
sure NOy, SO2 and Ogz levels for monitoring exhaust
gas discharged from chimneys. In recent years, as a
result of improvements in desulfurization and denitra-
tion processes and higher quality raw materials, the

Table 2 Main application examples and models of the ZP

series
Market
& Components and range* to be
Business Target measured Model
sector
. NOx | 0 to 50...200 ppm
nlf(frllll‘t‘gl’gg SO: | 0 to 50...500 ppm
Waste (Exhaust gas CO | 0to 50...1,000 ppm 7ZPB
inecin- measurement) COs2 | 0 to 10...20 vol%
eration Oz | 0to 10/25 vol%
Incinerator com- | CO | 0 to 1,000 ppm 7PA
bustion control | Oz | 0to 5.....25 vol%
Pollution NOx | 0 to 50...200 ppm
monitoring SO2 | 0 to 50...500 ppm
(Hot oven, boiler | CO | 0 to 1,000 ppm 7ZPB
exhaust gas CO2 | 0 to 10...20 vol%
measurement) | Oz | 0 to 10/25 vol%
Hot oven, boiler
S CO | 0to 1,000 ppm
combustion | " | g ¢ 525 vol% ZPA
control
Desulfurization/
denitrifica-
Iron tion equipment
and monitoring and
stoel control
Monitoring of
gas generated by
blast furnace, CO | 0to 20...100 vol%
monitoring of CO2 | 0 to 10...50 vol% ZPA
gas generated | Oz | Oto 1.....25 vol%
by converter,
monitoring of
gas generated by
coke oven,
monitoring of
vacuum
degassing
oo 0. 010 100opm
(Exhaust gas SOz | 0to 100...1,000 ppm | ZPB
Cement g Oz | 0to 10/25 vol%
oduc. measurement)
P tion Gas monitoring
inside a kiln, CO | 0to 2,000 ppm 7PA
coal grinder O2 | 0to5.....10 vol%
outlet, etc.
Heat Heat treating CO | 0to 20...25 vol%
troatin furnace atmo- COz | 0 to 1.....5 vol% 7PA
furnaceg sphere monitor- | CHy | 0 to 10...30 vol%
ing and control | Oz |0 to 1.....10 vol%
Pollution
monitoring NOx | 0 to 50...1,000 ppm
(Exhaust gas SOz | 0 to 50...2,000 ppm 7ZPB
measurement) | Oz | 0 to 10/25 vol%
Electric Oil boiler
power Pollution
monitoring
NOx | 0 to 10...100 ppm
(Exhaust gas |6 ™ | g {5 10/25 vol% ZPG
measurement)
Gas turbine
Gas Plri(;l(;ucifnrgggltt;;r- CO |0to5.....10 ppm 7PG
supply monitoring CO2 | 0 to 5.....10 ppm

*: NOx is converted into NO with a converter and then
measured as NO with an analyzer

“ZP Series” of Small, High-sensitivity Infrared Gas Analyzers

exhaust gases discharged from chimneys have become
cleaner, and NOx and SOz levels have decreased to
about 10 ppm.

In addition, gas boilers and gas turbines that use
natural gas as fuel and have relatively lower COg2
emissions have been watched closely, and concentra-
tions of these emissions have been reduced to even
lower levels.

With the sample switching method, the ZP series
that is capable of stable low-concentration measure-
ments, is able to meet market needs for the measure-
ment of such low concentrations.

(2) Iron and steel industry

Figure 8 shows an example of the application of
analyzer in an ironworks.

In iron and steel plants, CO, COz2 and Og2 concen-
trations are monitored, where CO gas concentrations
are measured for the purpose of combustion control of
various types of furnaces such as blast furnaces, con-
verters, and coke ovens and for the recovery of exhaust
gas, and Og2 concentrations are measured in order to
prevent explosions, and so on. Concentrations are
measured in the ranges of 0 to 100% for CO, 0 to 50%

Chimney Oz Turbine Electric
NO, generator
Transmission
SO0: line

(O

Fuel (oil, coal)

Transformer

Precipitation

Desulfurization Denitration

Fig.7 Example application of analyzer in a thermal power
station
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Fig.8 Example application of analyzer in an ironworks
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for COg, and 0 to 25% for Oa.

Additionally, in order to conserve energy, the ex-
haust gases from these furnaces are typically used as
fuel to generate electrical power that is provided to the
plant. Here, NOx and SOx are measured to monitor
combusted exhaust gas, which is used as a fuel for gen-
erating electricity.

All of these measurements involve low emissions
levels of around 10 ppm, and therefore, the capability
to measure low concentrations is needed.

The ZP series supports measurements ranging
from low to high concentrations of furnace gas. Ac-
cordingly, the ZP series provides significant merits
in terms of management and maintenance since the
maintenance parts are standardized and there is no
need to learn how to operate various types of analyz-
ers.

(8) Cement production process

Figure 9 shows an example of the application of
analyzer in a cement manufacturing process.

In the manufacture of cement, the raw materials of
limestone, clay, silica, iron oxide and gypsum are dried
and are then injected into a grinder where they are
pulverized.

These materials are then placed into a cyclone,
mixed uniformly and stored in a silo. The mixed ma-
terials are heated by a preheater and then baked by
a burner in a rotary kiln to form clinker. The clinker
is cooled and then pulverized again, and a separa-
tor is used so that the clinker powder particles are of
uniform size. The control of the cement plant requires
combustion control inside the rotary kiln, safety moni-
toring of the coal that forms the fuel for firing, and
pollution monitoring of the exhaust gas. Combustion
control is an especially important factor for determin-
ing the quality of the cement.

To control combustion in the rotary kiln, CO, COz2

and Oz are measured and to monitor exhaust gas pol-
lution of the overall plant, NOx, SO2, CO, CO2 and Og2
are measured

(4) Waste treatment plant

Fuji Electric’s gas analyzers have been used suc-
cessfully in many applications in waste treatment
plants. Fig. 10 shows an example application of ana-
lyzer in a waste treatment plant.

In a waste treatment plant, gas analyzers are used
to monitor emissions generated by the incineration of
waste.

The components to be measured are NOy, SOz, CO
and Oz, CO levels are measured as a reference value
for preventing the generation of dioxins from incin-
eration, and the CO concentration is usually limited to
several ppm. With the installation of exhaust emission
cleaning equipment, NOyx and SO2 are reduced to levels
ranging from about several ppm to several tens of ppm.
Thus, the ZP series, which is capable of measuring low
concentrations, can be used effectively.

Biomass power generation using fermented waste
has attracted attention recently, and analyzers are
also used to monitor the generation of CO2 and meth-
ane (CHy).

(5) Gas supply equipment

In semiconductor and petrochemical plants, gas
purification and supply equipment is installed for such
gases as nitrogen, argon and oxygen. Devices are at-
tached to this equipment for monitoring CO2 and CO
impurities contained within the supplied gas. These
impurities affect the quality of products made in the
plant and their manufacturing processes, and stable
measurement of the purity levels is required. The
targeted gases, CO and COg, are to be measured in the
range of 0 to 5 ppm or to 10 ppm, and the ZP series of
analyzers is suitable for this application.

(6) Air quality measurement

((2) Safety monitoring inside tank)

Raw limestone

Raw material Coal crusher

grinding machine

\

NOs, SO.
CO, CO:
02

Rotary kiln
((1) Kiln combustion control)

Raw material silo
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---------------- [ o EEEEEEEY —
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Electric precipitator CObCOZ
2
Bag filter
------------- >

Coal tank

Clinker cooler

Electric precipitator

QS) Pollution monitoring of gas emission9

Separator*

Cement silo

.y

Clinker silo
Finishing mill

Fig.9 Example application of analyzer in a cement manufacturing process
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((3) Monitoring of exhaust gas Components)
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Fig.10 Example application of analyzer in a waste treatment
plant

Recently, attention has focused on preventing
global warming which is caused by greenhouse gases.
Greenhouse gases include COg2, CH4 and the like. In-
frared CO2 meters are being used for the purpose of
long-term observation of the global environment. The

“ZP Series” of Small, High-sensitivity Infrared Gas Analyzers

ZP series, with its excellent long-term stability, is well
suited for the long-term continuous measurement of
COz2 in the atmosphere.

6. Postscript

The ZP series of compact, high-sensitivity infrared
gas analyzers use single infrared beam, improved sen-
sitivity and zero-point drift cancellation to achieve the
capability for measurement of low concentrations. Ad-
ditionally, the handling of all the ZP series equipment
has been standardized. The products introduced here-
in are suitable for use in a wide range of applications
for combustion control and exhaust gas measurement
in various plants. Fuji Electric has developed the mea-
surement unit of this series to create a line of products.

In the future, Fuji Electric intends to develop gas
analysis equipment optimized for these applications,
such as by pre-treating the reference gas, and to ad-
vance the commercialization of explosion-proof prod-
ucts in order to expand the range of applications.
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Applied MEMS Micro-vibration Sensors and
Structural Health Monitoring

Satoru Sakaue © Hironobu Yao © Takeshi Suzuki *

ABSTRACT

After the Great Hanshin-Awaji Earthquake, interest has been increasing for earthquake disaster prevention
awareness and building safety. As a new field of measuring devices, Fuji Electric has created a prototype vibration
sensor module that applies MEMS (Micro Electro Mechanical Systems) technology. This vibration sensor is capable
of continuous micro-vibration measurements of around 0.1 Gal. It can detect not only damage by earthquakes, but
also the alteration of strength in a building caused by age-related deterioration, so it can be applied to structural
health monitoring that includes continuous micro-vibration measurements. We are also considering applications in
high-frequency/high-acceleration ranges for motor diagnostics.

1. Introduction

Since the Great Hanshin-Awaji Earthquake in
1995 in Japan, disaster awareness regarding earth-
quakes and concern for building safety has heightened,
and in recent years, there has been an increased in
the application of structural health monitoring (SHM)
to diagnose the health and safety of buildings. Servo
acceleration sensors used primarily for this purpose
have the excellent characteristics of high detection sen-
sitivity to extremely low-frequency acceleration, and
can be used to measure micro-vibrations constantly
at high resolution. The extremely high price of these
sensors, however, has been one factor preventing them
from coming into widespread use. On the other hand,
although lower cost sensors that use micro electro me-
chanical system*! (MEMS) acceleration sensor devices
have been developed, they have not yet been used in
applications for constant micro-vibration measure-
ment, which is necessary for SHM. Fuji Electric is
engaged on developments ranging from sensor devices
that apply MEMS technology to vibration sensor ca-
pable of 3-axis constant micro-vibration measurement.
This paper introduces SHM and then describes MEMS
micro-vibration sensors and their applications.

2. Structural Health Monitoring
SHM is a technology, having been researched and

developed at universities and the like in recent years,
for installing sensors in new construction and exist-

*1: See MEMS supplemental explanation 1 on page46
#*2: Gal is a unit of acceleration, and is defined as 1 Gal=
0.01 m/s?

ing structures in order to diagnose their structural
performance based upon response waveforms. SHM
technology is able to utilize the response to unfelt
earthquakes, which have a relatively high frequency of
occurrence”, and to constant micro-vibrations (on the
order of 0.1 to 0.5 Gal*?), in order to diagnose the per-
formance of structures (having a resonance frequency
in the range of about 0.1 to 20 Hz) and in the case of
potential damage from large earthquakes (ranging
from several hundred to 2,000 Gal), typhoons and the
like, to estimate automatically the extent of that dam-
age.

In addition, by accumulating data continuously,
the deterioration of a structure due to aging can be
understood, and this information can be used when
making decisions about maintenance. In contrast to
surface or partial inspections such as periodic visual
inspections or ultrasonic inspections, SHM allows the
status of the entire structure and locations of defects
to be estimated. Fig. 1 shows the SHM sequence. With
SHM, sensors are installed in the structure to measure

— Subject = | Model, Vibration
structure characteristics
s
g (1) Data acquisition
@ ¢
ZE
8BS
5.5
® &1 | (5) Accumulation and (2) State estimation
,_é:“; = management of SHM data and analysis
E ‘ '_
[}
=
—=>-| (4) Provision of . :
diagnostic result (3) Diagnosis

(Source: Comprehensive Technology Development Project,
Ministry of Land, Infrastructure and Transportation)

¥ Fuji Electric Co., Ltd.
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Table 1 Assumed objective of SHM service

Building life Service objective
cycle
Design, Verification of structural characteristics based
construction,
on measurement data
sales
Building Diagnosis of building deterioration during
management normal times
Presentation of necessity and timing of large-
Repair, scale repair and seismic strengthening
reinforcement | Presentation of effect of large-scale repair and
seismic strengthening
Rapid determination of damage status immedi- Units: mm
. ately after disaster
Disaster — - -
Prediction of structural impact in response to
predicted earthquake motion at site
Presentation of age-related deterioration of
Purchase and building performance
sale Evaluation of asset value based on measure-
ment data
Change of Pre-measurement and post-evaluation of struc-
use, etc. tural impact that accompanies a change of use
Discontinuing Presentation of service life based on measure-
usage, ment data
Rebuilding
(Source: Comprehensive Technology Development Project, MLIT)
Units: mm
the acceleration (or velocity, displacement, etc.) of the

structure, and transmit the data to a server to manage.
From the transmitted acceleration data, the vibration
mode of the structure is analyzed, and based on the
computed natural frequency and the like of the struc-
ture, a diagnosis is made and the results are displayed.
Using the diagnostic results obtained by SHM, the
various services shown in Table 1 can be provided for
each phase of the life cycle of the building.

In this way, with SHM, the acceleration due to
unfelt earthquakes and constant micro-vibrations is
measured to understand the shaking of the overall
structure. Therefore, the vibration sensors used with
SHM are required to have a high resolution of at least
0.01 Gal, and a high-precision time synchronization
function of 1 ms or less among the sensors installed in
the structure.

3. MEMS Vibration Sensor

3.1 Vibration sensor

To make possible the constant measurement of mi-
cro-vibrations, as is required for SHM, a MEMS 3-axis
acceleration sensor device, having sensitivity in the
low-frequency and low acceleration regions, and its pe-
ripheral circuitry were developed and a prototype was
built. Fig. 2 shows the appearance of the vibration sen-
sor, Fig. 3 shows the appearance of the MEMS 3-axis
acceleration sensor, and Fig. 4 shows a cross-sectional
schematic of the sensor device.

The MEMS 3-axis acceleration sensor device is
capacitive, and as shown in Fig. 4, detects the displace-
ment of a movable electrode in response to a change in

Fig.3 Appearance of MEMS 3-axis acceleration sensor device

Z axis fixed electrode

X, Y axis fixed electrode

SO0I

substrate

7 axis

Glass
substrate

X or Y axis Movable electrode

Fig.4 Cross-sectional schematic drawing of sensor device

acceleration as a change in electrostatic capacitance.
Displacement along the X and Y axes is detected as a
change in electrostatic capacitance between a movable
electrode and a fixed electrode formed on a silicon on
insulator (SOI) substrate, and displacement in the Z
axis is detected as a change in electrostatic capacitance
between the movable electrode and a fixed electrode
formed on a glass substrate.

Figure 5 shows the structure of a vibration sensor
and Table 2 lists the development target specifications
of these vibration sensors.

As shown in Fig. 5, the vibration sensor uses a low
pass filter (LPF) that cuts off signals above 20 Hz and
a 24-bit AY type analog-to-digital converter in each of
the 3 axes to realize high resolution of 0.01 Gal. Be-
cause clock error exists among the individual vibration
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sensor CPUs, the PC transmits a time synchronization
packet every 10 seconds in order to achieve time syn-
chronization, and in compared to the specification val-
ue of 1 ms as the time synchronization error between
sensors, an actual error value of less than 0.5 ms has
been attained.

In the connection example shown in Fig. 6, vibra-
tion sensors are connected via a power over Ethernet
(PoE) hub to a personal computer (PC), and powered
using an Ethernet*® LAN cable (Up to 24 sensors may
be connected).

3.2 Building measurement example

In order to obtain experience and knowledge re-
garding the application of vibration sensors to SHM, a
field test was conducted by installing vibration sensors
on the 1 st and 4th floors of a 5-story building (Fig. 7)
located in the same district as Fuji Electric’'s Tokyo
business place, and micro-vibrations were measured
constantly. The vibration sensors were positioned in
alignment with the long-side direction as the X-direc-
tion and the short-side direction as the Y-direction.
The measurements obtained included vibrations from

Ethernet
L

Digital part
* Fixed electrode

Analog part

Fig.5 Configuration of vibration sensor

Table 2 Development target specifications of vibration sensor

Item Specification

Detection direction

(number of axes) 3 components (3 axes of X, Y, Z)

an earthquake originating in the Pacific Ocean off the
coast of Japan’s Tohoku region. Fig. 8 shows the ac-
celeration waveform at the 1 st and 4th floors at the
time of the earthquake, and the acceleration waveform
of the constant micro-vibrations immediately prior to
the earthquake (enlarged view of interval from 0 to
10 s). Additionally, Fig. 9 shows the Fourier spectral
ratio of the 1 st and 4th floors before the earthquake,
and Fig. 10 shows the Fourier spectral ratio of the 1 st
and 4th floors for the time interval from 70 to 100 s
when the amplitude is relatively constant during the
earthquake. From Fig. 9 and Fig. 10, it can be seen
that the natural frequency of the long-side direction
(X axis) decreases from 2.21 Hz before the earthquake
to 1.95 Hz during the earthquake, and the natural
frequency of the short-side direction (Y axis) decreases
from 1.90 Hz before the earthquake to 1.66 Hz dur-
ing the earthquake. In this field test, we were able to
measure the natural vibration frequency of a building
with the prototype vibration sensors, and to verify the
nonlinearity of the amplitude of the natural vibration

Vibration sensor

* Up to 24 sensors can
* be connected

PoE hub

+2,000 Gal *
(Acceleration: approx. 600 Gal at
period of 1 s, and equivalent to
Japanese earthquake scale of 7)

Measurement range

Resolution 0.01 Gal
0.1 to 20 Hz
Frequency (structural vibration is primarily
1 to 20 Hz)
Sampling period 100 Hz
AD conversion 24 bit
Time synchronization 1 ms or less
Supplied by PoE
Power source (Power over Ethernet),
48V, 4 W

* Gal: Unit of acceleration, where 1 Gal=0.01 m/s?

#3: Ethernet is a trademark or registered trademark of Fuji
Xerox Co., Ltd.
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Fig.7 Building with installed vibration sensors
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Fig.8 Acceleration waveforms of 1st and 4th floors at time of
earthquake

frequency.

The ability to measure vibrations over a wide
range from 0.1 to 410 Gal with vibration sensors, and
the ability to measure changes in the natural vibra-
tion frequency due to changes in the vibrating state
of a building were also verified. Damage caused by
earthquakes, as well as changes in characteristics such
as degraded building strength due to aging-related de-
terioration, changes in the natural vibration frequency,
and so on can be detected, and vibration sensors are
considered to be suitable for application to SHM that
includes constant micro-vibration measurement.

In addition, vibration sensors can also be used in
SHM applications to rail and road bridges.

4. Application to Earthquake Measurement

After the Great Hanshin-Awaji Earthquake of
1995, the National Research Institute for Earth Sci-

10

[ Natural vibration_Natural vibration frequency in
L frequency in long-side direction
- short-side direction

Spectral ratio
-

0.5
— 4F- X axis / 1F-X axis
[ | — 4F- Y axis / 1F-Y axis
4F- Z axis / 1F-Z axis
0'1 Lol 1 1l L L I I T L L ) I T
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Frequency (Hz)

Fig.9 Prior to earthquake (at time of constant micro-vibrations)
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[ Natural vibration frequency in
B long-side direction

5F

- Natural vibration frequency in
short-side direction
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=
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— 4F- X axis / 1F-X axis
- | — 4F- Y axis / 1F-Y axis
4F- 7 axis / 1F-7Z axis
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Frequency (Hz)

Fig.10 During earthquake (70 to 100 s)

ence and Disaster Prevention began development of a
nationwide strong-earthquake observation network in
Japan. The result of this construction was the Kyoshin
Network (K-NET), a strong-earthquake observation
network consisting about 1,000 observatories that cov-
er all of Japan with a grid mesh of about 25 km for the
purpose of strong-earthquake research and earthquake
disaster prevention. Moreover, in order to realize a
higher level of disaster preparedness for earthquakes
directly underneath urban areas, which was the lesson
of the Great Hanshin-Awaji Earthquake, the Earth-
quake Research Institute of the University of Tokyo
has demonstrated the need for carrying out a detailed
evaluation of ground characteristics (from several
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Fig.12 Small-scale earthquake acceleration waveform at To-
kyo business place

tens to several hundreds of meters) and to establish
disaster prevention criteria for each district through
measuring unfelt earthquakes® which have a rela-
tively high frequency of occurrence and constant micro-
vibrations. Fig. 11 shows an illustration of the ground
measurement implementation.

Detailed seismic measurement requires the use of
many seismographs. For estimating ground proper-
ties, Fuji Electric is studying the application of MEMS-
type acceleration sensors which have a cost advantage
over the commonly used servo-type acceleration sen-
sors. The specifications required of acceleration sen-
sors for measurement of unfelt earthquakes and con-
stant micro-vibrations are the same as for SHM, that
is, high resolution of 0.01 Gal or less and highly ac-
curate time synchronization of within 1 ms among the
sensors. For a detailed estimation of ground proper-
ties, Fuji Electric installed vibration sensors at 4 loca-
tions (points A, B, C and D) in the district of its Tokyo
business place, and measured small earthquake ac-
celeration waveforms. Fig. 12 shows the measured ac-
celeration waveforms. Even within the narrow range
of these 4 points, which are spaced apart by distances
of several tens of meters to several hundreds of meters,
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Table 3 Major challenges in application to SHM and
earthquake measurement

Challenge

Power supply during
power outage

Solution

O Built-in battery
O Change to lower power consumption

Increased cost due to
cable installation

Change to wireless technology for
cable-free installation

Miniaturization of the sensor device
and circuit

Miniaturization of
vibration sensors

the appearance of the vibrations differed, confirming
that the manner of shaking was also different.

5. Future Developments

SHM and ground property estimation applications
are conventionally in the low-frequency, low accelera-
tion region, but Fuji Electric is attempting to use these
applications in the high-frequency, high acceleration
region. Fuji Electric is studying the use of vibration
sensors to replace commercial vibration diagnostic
systems for rotating machines, and also their applica-
tion to motor diagnostic systems for hybrid and electric
vehicles. Fuji Electric possesses the MEMS technology
and low-noise circuit technology necessary for sensor
development, and that makes possible customization
and development from the low frequency, low-speed
region to the high-frequency, high-speed region. Addi-
tionally, Fuji Electric also intends to address the main
challenges for application to SHM and earthquake
measurement as shown in Table 3.

6. Postscript

Vibration sensors that use MEMS technology and
their applications have been introduced in this paper.

As a result of the prototyping and evaluation of
MEMS micro-vibration sensors, application to constant
micro-vibration measurement appears to be possible.
In the future, Fuji Electric intends to perform detailed
evaluations of the performance and applicability of
these sensors to performance improvements and struc-
tural health monitoring, and to contribute to ensuring
building safety.

The authors wish to express their appreciation to
Associate Professor Shinichi Sakai of the University
of Tokyo Earthquake Research Institute for his advice
and guidance concerning the estimation of ground
properties.
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Methane Sensor for Cordless Utility Gas Alarms

Takuya Suzuki © Shinichi Soma © Tokumi Nagase *

ABSTRACT

There is a strong desire for utility gas alarms to be made cordless by battery operation. For this reason, the
power consumption for methane sensors must be made 1/1,000th or lower than that of current products. Osaka Gas
and Fuiji Electric have achieved a sensor with this ultra low power consumption by attempting to create a thin mem-
brane and miniaturizing the sensor using MEMS (Micro Electro Mechanical Systems) technology to drive the sensor
intermittently to generate heat only at the instant of detection. Currently we are participating in the “Technological
Development for a Next-generation Highly-reliable Gas Sensor” project, a New Energy and Industrial Technology
Development Organization (NEDO) grant project, and the long-term reliability of the sensor is being verified by large-

scale field tests.

1. Introduction

At present, utility gas alarms for home use can
be found in approximately 40% of households, but the
penetration rate for this market has remained essen-
tially unchanged since 1999. Factors inhibiting great-
er market penetration include the 100V AC power
specification of existing utility gas alarms and the re-
striction that the alarms be installed at high locations
in a kitchen. Consequently, cordless, battery-powered
utility gas alarms are strongly desired. However, be-
cause methane sensors must be made to consume very
low power that is less than 1/1,000th the power con-
sumption of existing products, the technical challenges
for long-term battery power have been extremely high
and such technology has been a dream.

Since 1980, Fuji Electric has continued to develop
and sell utility gas alarms, and has developed sensors
based on semiconductor designs and manufacturing
technology that utilizes micro electro mechanical sys-
tems (MEMS) technology. This paper introduces a
MEMS methane sensor, jointly developed with Osaka
Gas Co., that realizes cordless operation in a utility gas
alarm.

2. Background

2.1 Prior technology

Semiconductor type gas sensors utilizing tin ox-
ide (SnO9) as gas sensitive material have been widely
used as methane sensors in utility gas alarms. Fig. 1
shows the detection mechanism of this semiconductor
type gas sensor. SnOz2 is an n-type semiconductor with
electrons as the majority carriers. In a clean air envi-
ronment, the resistance value increases due to the che-

misorption of oxygen, but if a flammable gas such as
methane (CHy) is present, the chemisorbed oxygen re-
acts with the gas to increase the carrier concentration
in the SnO2 and reduce the electrical resistance. In
the case of methane, however, which has low reactivity
among flammable gases, the sensor element must be
heated to about 400 °C.

Conventional methane sensors, commonly called
“sintered body type sensors” or “bulk type sensors” are
the mainstream. These sensors, in which gas-sensitive
materials consisting mainly of SnOg surrounding a
metal heater coil are sintered, have reached their limit
for reducing power consumption through miniaturiza-
tion.

2.2 Requirements for cordless utility gas alarms

So that utility gas alarms can be powered by bat-
teries at a realistic cost for the duration of their 5-year
lifecycles, the average power consumption of the meth-
ane sensor part must be reduced to 0.1 mW or less.
(Here, the average power consumption refers to the
power consumed to drive the sensor elements and the
control circuit.) This reduction in power consumption is
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Fig.1 Sensing mechanism of semiconductor gas sensor
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a novel concept and is 1/1,000th that of existing meth-
ane sensors.

While working to realize such ultra low power
consumption, basic performance that satisfies the “util-
ity gas alarm inspection regulations” (JIA E001-07) of
the Japan Gas Appliances Inspection Association and
5-year long-term reliability are sought.

3. Development of Methane Sensor Having Ultra
Low-Power Consumption

3.1 Thinner film gas sensor

Osaka Gas Co. has been researching thin film
gas sensors since 1980, and by employing a thin film
fabrication technique known as “RF sputtering” and
controlling microstructures at the nanometer level, has
developed a method for producing SnOgz thin film hav-
ing a special “nano columnar structure.” Fig. 2 shows a
scanning electron microscope (SEM) photograph of this
structure. Because gas molecules are able to diffuse
between the columnar structures, a high sensitivity
is realized and the thin film has the features of stable
crystalline particles and sensitivity that remains un-
changed over long periods of time.

Osaka Gas has also developed a “thin film meth-
ane sensor” having high sensitivity and selectivity to
methane by laminating, on top of a columnar-structure
SnOs2 thin film, a catalytic thick film through which the
combustion-removal of flammable gases such as hydro-
gen (Hs), carbon monoxide (CO), alcohol and the like is
possible.®

3.2 Ultra low power consumption by applying MEMS tech-
nology
Osaka Gas Co. and Fuji Electric have jointly de-
veloped a thin film micro methane sensor based on
Osaka Gas’s thin film sensor technology and using Fuji
Electric’s proprietary MEMS technology®.

100 nm

Fig.2 SnO:z thin film SEM photograph
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As shown in Fig. 3, the sensor is constructed with
a new structure consisting of a thin film heater, SnOg2
thin film and catalytic thick film formed on top of a
thin film diaphragm, and the sensor is intermittently
driven and heated only at the time of detection.

Features of ultra low power consumption are as
follows.

(1) Spot heating

By forming a thin film heater on a thin film dia-
phragm having a thickness of several microns, small
areas of several hundreds of microns in size, and tend-
ing to retain their heat, can be heated.

(2) Short pulse heating

Because SnOg2 thin film, which has a small heat
capacity, is formed above a thin film heater, with an
electrically insulating layer positioned in between, the
thermal responsiveness is good and short pulse heat-
ing can be implemented.

(3) Intermittent driving

With the ability to perform short pulse heating, in-
termittent driving is possible such that heating is per-
formed only at the moment of detection and is stopped
at all other times.

Figure 4(a) shows the heater power consumption
and Fig. 4(b) shows the gas responsiveness of the newly
developed thin film micro-methane sensor. Fig. 4(a)
shows the relationship between heater power con-
sumption and surface temperature (center part) at a
steady state, and Fig. 4(b) shows the relationship be-
tween heater heating time and sensor resistance value
when 30 mW of power is supplied to the heater. From
these drawings, it can be seen that the heater power

Catalytic thick film

SnO: thin film
(columnar structure of Fig. 2)

(1) Spot heating:
Only small area of several
hundred microns is heated

Sensor

Thin film heater
electrode

Thin film diaphragm

(Cavity)

<Cross-sectional
view of sensor>

m hair

e N
Conventional product: Always heating

Lower power due to spot heating

Heating only at moment of detection,
stopped at all other times

(3) Intermittent driving "

(2) Short pulse heating

<sensor driving pattern>

= Heater power

]
=

Fig.3 Structure and driving patter of thin film micro methane
sensor
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necessary for heating the sensor to 400°C is less than
30 mW, which is low, and that the sensor responds
quickly to gas, with methane sensitivity (the change
in the sensor resistance value in air) occurring in sev-
eral tens of milliseconds. Thus, by reducing the power
consumed in heating the sensor to 400°C and enabling
short pulse driving by improving gas responsiveness,
an average power consumption that is 1/1000th that of
existing methane sensors was realized.

Note that in Fig. 4 it can be seen that for a heater
heating time of several tens of milliseconds, sensitivity
to Ha and CO is established (when the resistance value
in gas is lower than the resistance value in air) but
that the Ho and CO sensitivity diminishes thereafter
(with the resistance value in Hz and CO increasing and
approaching the value of resistance in air). This be-
havior occurs after several tens of milliseconds because
H2 and CO are combusted and removed through the
catalytic thick film, and the concentration of gas reach-
ing the SnO2 surface diminishes.

3.3 Basic performance

A methane sensor for use in utility gas alarms
must have high sensitivity to methane, which is a ma-
jor component of town gas, and also must have selec-
tivity with regard to interfering gases such as Ha and
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Fig.4 Heater power consumption and gas responsiveness of
thin film micro methane sensor (responsiveness of sen-
sor resistance in various gas environments)
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Fig.5 Gas sensitivity characteristics of thin film micro methane
sensor

Methane Sensor for Cordless Utility Gas Alarms

CO.

Figure 5 shows the gas sensitivity characteristics
of the new developed thin film micro methane sensor.
Gas sensitivity is defined as the ratio (Rair/Rgas) of
sensor resistance in a clean air environment (Rair) to
the sensor resistance in a gaseous environment (Rgas).

From Fig. 5, it can be seen that gas sensitivity
increases with respect to methane concentration, and
that at the level of 2,000 ppm of methane, the sensitiv-
ity is greater than 5, while on the other hand, for Ho
and CO, gas sensitivity is suppressed to rather low
levels compared to methane, and therefore the sensor
does exhibit sufficient basic performance as a methane
sensor for use in utility gas alarms.

4. Long Term Reliability

In addition to exhibiting the basic performance de-
scribed above, a methane sensor for use in a utility gas
alarm is also required to provide long-term reliability
with at least a 5-year replacement term.

Fuji Electric is participating in the “Next Gen-
eration High Reliability Gas Sensor Technical Devel-
opment (2008 — 2011)” project sponsored by the New
Energy and Industrial Technology Development Or-
ganization (NEDO), and aims to establish long-term
reliability. In this project, accelerated testing is per-
formed in a laboratory based on large-scale field tests
and the data thereof with the aim of realizing a useful
service life of at least 5 years. In the large-scale field
tests, so that data can be acquired in various types of
installation environments, the following factors were
considered broadly as conditions of the installation

Western Pacific Ocean side

Fig.6 Installation sites of the large-scale field test
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site: (1) geographical region (climate), (2) house type,
(3) family structure, and (4) year built (building and
painting materials). Fig. 6 shows the installation areas
of the large-scale field test.

For this large-scale field test, 400, 200 and 60 units
were tested in years 2008, 2009 and 2010, respectively,
and field data of up to 2.5 years can be acquired so far.
Additionally, the construction work for accelerated
testing based on the accumulated data is proceeding
according to schedule, and by the end of the project,
long-term reliability corresponding to a service life of
at least 5 years is anticipated.

(a) Existing product
(AC power specification)

(b) Cordless product
(Battery powered)

Fig.7 Appearance of utility gas alarms
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5. Application to Utility Gas Alarms

Simultaneous with the development of methane
sensors, cordless utility gas alarms that are equipped
with such sensors are being studied.

Figure 7 shows the external appearances of exist-
ing and cordless utility gas alarms. The cordless prod-
uct has the same footprint as the existing product, but
with a thinner and simple profile. The cordless type
utility gas alarm also has the same basic specifications
as the existing product, and functions to detect gas
leaks, incomplete combustion and fire.

6. Postscript

This paper has introduced a methane sensor for
use in cordless utility gas alarms that incorporate
MEMS technology, which is an area of expertise of Fuji
Electric.

By realizing the early mass production of this sen-
sor and making efforts to popularize utility gas detec-
tors for residential use, Fuji Electric intends to contrib-
ute to the safe use of energy.

Some of the research herein was carried out with
support from the “Next Generation High Reliability
Gas Sensor Technical Development” project of the New
Energy and Industrial Technology Development Or-
ganization (NEDO) and by collaborative development
with the Osaka Gas Co. The authors wish to express
their gratitude to all parties concerned.
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Seismic Countermeasures for Environmental
Radiation Monitoring System

Osamu Maekawa © Takeshi Miyairi © Teruo Ebato

ABSTRACT

Environmental radiation monitoring system continually measures and monitors the air absorbed dose rates
around nuclear facilities 24-hours a day, 365-days a year. These systems must continue to function even when a
disaster occurs such as an earthquake. Fuji Electric takes countermeasures for earthquakes by duplicating transmis-
sions lines with land radio equipment and installing backup power supplies, seismically isolated monitoring posts,
and seismically evaluated equipment. Furthermore, we have developed new portable monitoring posts equipped with
semiconductor detectors and monitoring cars equipped with the same functions as stationary monitoring posts, and
we can supply equipment that makes measuring and monitoring possible without power supplies or transmission

lines.

1. Introduction

An environmental radiation monitoring system
(outdoor monitoring system) for a nuclear facility mea-
sures and monitors air absorbed dose rates around the
nuclear facility 24-hours a day, 365-days a year.

The air absorbed dose rates to be measured is data
that pertains to the “obligation to notify a nuclear
emergency preparedness manager in the case that a
radiation dose above the limit specified by a Cabinet
Order has been detected near the border of an area
where the nuclear site is located” as stipulated in the
Act on Special Measures Concerning Nuclear Emer-
gency Preparedness and outdoor monitoring equip-
ment is essential for operation of a nuclear power
plant.

Meanwhile, during normal operation, the healthy
operating state of a nuclear facility is broadcast via
the Internet to the neighboring community as well as
to the public at large, and this also has the side of pro-
moting Public Acceptance: social acceptance of nuclear
energy policy (PA).

The promotion of nuclear power has gained mo-
mentum In the United States, Asia and elsewhere
throughout the world because nuclear fuel can be re-
cycled and the amount of CO2 emissions is low. The
situation concerning nuclear energy has been chang-
ing, however, as a result of the Great East Japan
Earthquake, which occurred on March 11, 2011. At-
tention is particularly focused on safety measures for
nuclear power plants, and outdoor monitoring systems
are required to be capable of measuring air absorbed
dose rates continuously even in the event of a disaster.

This paper introduces seismic countermeasures so
that outdoor monitoring systems will be able to con-

T Fuji Electric Co., Ltd.

tinue their measuring and monitoring activities in the
event of an earthquake.

2. Overview of Outdoor Monitoring Equipment

An outdoor monitoring system is configured from
stationary monitoring posts for measuring the air
absorbed dose rate and atmosphere in nuclear facili-
ties (near the border of controlled areas) or outside of
the facilities (neighboring communities), a monitoring
system for issuing instructions or recording data in a
central control room, and a telemeter system for trans-
mitting data. A portable monitoring post which can be
transported and installed outdoors and a monitoring
car provided with measuring equipment that is able
to take measurements while driving are available as
ancillary equipment.

3. Seismic Countermeasures

In the event that an outdoor monitoring system is
affected by an earthquake, the following types of dam-
age are anticipated.

(a) Severed data transmission line due to landslide

(b) Severed power supply system due to damaged
power distribution equipment

(¢) Damage to buildings or devices due to shaking
by the earthquake

Countermeasures to continue monitoring under
these circumstances are described below.

3.1 Transmission channel redundancy

Optical cables are used for transmitting data from
the monitoring posts (buildings) to a central control
room. In the event that an optical cable is severed, the
monitoring function would be lost, however, and there-
fore a backup system comprised primarily of satellite-

4
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based mobile phone lines had been used. However, the
optimal form of the wireless unit was reconsidered on
the basis of The Niigataken Chuetsu-oki Earthquake
that occurred in July, 2007 and in consideration of the
conditions at the time of the earthquake. Specifically,
the wireless unit is required to:
(a) be unaffected by communication restrictions
caused by an overconcentration of phone calls,
(b) have an antenna with low directionality (able to
withstand tilting of the antenna due to earth-
quakes),
(¢c) be usable under poor conditions such as heavy
SNOw or rain,
(d) be unaffected by obstructions (terrain or trees)
as much as possible,
(e) be small in size because the installation site is
cramped, and
(® be rigid and durable.

Since there are no commercially available wireless
units that satisfy all of the above requirements, Fuji
Electric, in collaboration with a wireless equipment
manufacturer, has developed a custom wireless unit
for outdoor monitoring systems. This wireless unit is
based on a small terrestrial radio device operating in
the 400 MHz band, which has a proven track record
in applications such as for river management, and
has been customized to realize transmission specifica-
tions applicable for outdoor monitoring. In addition,
to minimize downtime during inspections, we modi-
fied the unit so as to allow for the easy replacement
of parts that are replaced periodically. The RS-232C
standard was adopted for connection to the telemeter
equipment, and this standard is also compatible with
the previous model of outdoor monitoring system that
is in operation.

As of the present date, radio propagation testing of
the new wireless unit inside a nuclear power plant had
been completed, and the unit is expected to be finished
by March 31, 2012. Specifications of the wireless unit
are listed in Table 1 and the implementation of the on-
site propagation investigation is shown in Fig. 1.

Table 1 Specifications of the wireless unit

Item Specification
Frequency band to be used 400 MHz band
Oscillation method Synthesizer

Modulation method Frequency modulation
F2D, F3E

Yagi antenna
(400 MHz band, 50 Q)

Half-duplex communication
NRZI Equal-length coding

Type of radio wave

Antenna type

Communication method
Coding method

Synchronization method Asynchronous
Transmission rate 1,200 kbits/s
Code configuration JIS X5203
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3.2 Backup power supply

Power for a monitoring post is supplied via an
overhead line from an onsite power distribution unit.
In the event that the power distribution unit, electric
pole or electric wire become damaged, the power sup-
ply will be cut off, and therefore a backup power source
is also necessary and has been provided on the side of
the building. Fuji Electric ensures the power source
operation by using the combination of an uninterrupt-
ible power system and an engine generator according
to the required backup time and capacity of the equip-
ment. Fig. 2 shows the installed state of the backup
power supply equipment.

3.3 Use of seismic isolated building structure

The stationary monitoring post has a building
structure as shown in Fig. 3 and is installed on the site
of a nuclear facility (near the boundary of a controlled
area) or in a neighboring community. Inside the sta-
tionary monitoring post building, a radiation detector,
measurement assembly, particulate monitor, meteoro-
logical monitoring equipment and telemeter equipment
are provided. As to prevent damage to the equipment
or a collapse of the building due to an earthquake, a
seismic isolated building structure has been employed.
The structure of the seismic isolation assembly at the
base of the building is shown in Fig. 4.

Fig.1 Implementation of onsite propagation investigation

i
MR
NI

Fig.2 Installed state of backup power supply equipment
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3.4 Seismic assessment of installed equipment

A seismic assessment evaluation of the equipment
installed in a central control room was performed by
means of an acceleration resistance test, and all the
equipment was confirmed to be free of problems. Con-
ditions and confirmation methods of the acceleration
resistance test (for devices) are listed in Table 2, and
Fig. 5 shows the circumstance in which the accelera-
tion resistance test was implemented.

3.5 Portable monitoring post

Portable monitoring posts are measuring devices
that can be transported to a measuring site in the
event of a disaster or occurrence of a nuclear hazard
for which emergency monitoring is required. Portable
monitoring posts are required to be lightweight, so that
they can be installed manually, and have the equiva-
lent measuring performance as a stationary monitor-
ing post. Fuji Electric has previously supported the

elimination of devices, reduction of weight and ensured

S S

Fig.3 Appearance of stationary monitoring post
(seismic isolated building)

Fig.4 Structure of seismic isolation assembly
(base of building)

performance by providing a wide-range measurement
model that uses a single Nal (TI) scintillation detec-
tor capable of measuring from the low-dose region
(by pulse measurement) to the high-dose region (by
current measurement). To accommodate the needs of
further weight reduction and long-term operation, Fuji
Electric has newly developed a portable monitoring
post that uses a lightweight and low-power semicon-
ductor detector.

Specifications of the semiconductor type (latest
type) and Nal (TI) scintillation type (previous type) of
portable monitoring posts are compared in Table 3, and
Fig. 6 shows the appearance of semiconductor-type.

There are slight differences in the accuracy of dose
rate measurment and the energy respones and direc-
tional characteristics, but like the previous type, the
semiconductor type is capable of measurement of up to
10°uGy/h (108nGy/h), which is the dosage rate expect-
ed in the event of an accident, and can be used as an
alternative measuring system if a stationary monitor-

Table 2 Conditions and confirmation methods of acceleration
resistance test (for devices)

33 Hz if the resonance frequen-
cy is 33 MHz or more

Phbratlon The resonance frequency if the
requency ;
resonance frequency is less than
33 MHz
. 29.4 m/s?
Vertical
. . 2,940 Gal
Vlbrat}qn test | Acceleration ( )
conditions Horizontal 29.4 m/g?
orizonta (2,940 Gal)
Horizontal

Direction of (back and forth, left and right),

vibration Vertical (along the 3-axis)
Vlb.ratlon 120 s (each axial direction)
time
0 No damage on devices before and after the
test
Ttems to O No malfunction or failure before and after
confirm the test

O Within allowable error range before and
after the test

Fig.5 Acceleration resistance test circumstance
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Table 3 Comparison of portable monitoring post specifications

Item

Semiconductor type (latest type)

Nal (T1) scintillation type (previous type)

Detector

Silicon semiconductor detector

Nal (T1) scintillation detector (wide-range)

Radiation to be measured

Gamma rays

Gamma rays

Measurement range

102 to 10°nGy/h

Low-dose region: 10 to 5x10°nGy/h
High-dose region: 3x10° to 108nGy/h

Accuracy of dose rate measure-
ment

+20%
(0.1 uGy/h or greater, '¥’Cs reference)

+10%
(*37Cs reference)

60 keV to 3 Mev

Low-dose region: 50 keV to 3 MeV

Energy range

High-dose region: 50 keV or greater

Energy response

+30%, 60 keV to 3 Mev
(¥Cs reference)

Low-dose region: £20% (50 to less than 100 keV)
+10% (100 keV to 3 MeV)

High-dose region: =50 to +25% (50 to 100 keV)
—10 to +20% (100 to 400 keV)
+10% (400 keV to 3MeV)

Directional characteristics

+20%, (0 to +90°)

+20%, (0 to +90°)

Display

12.1 inch TFT color LCD

N/A

Data record month

Stores per-minute dose rate values for one

Stores per-minute dose rate values for one week

Data transmission

bile phone)

Ethernet* output
(can be combined with satellite-based mo-

RS-232C output

* : Ethernet is a trademark or registered trademark of Fuji Xerox Co., Ltd.

Fig.6 Semiconductor-type portable monitoring post

ing post is not available. Moreover, lead-acid batteries
and a wireless unit may be installed additionally so as
to allow remote measurement and monitoring in loca-
tions where there is no power supply or transmission
cables. Ethernet output is used for transmitting mea-
surement data, and can be connected to various wire-
less devices according to the installation environment.

In the system for receiving the measured values,
the use of a lightweight and compact notebook person-
al computer makes possible the flexible and real-time
monitoring of measurement values from an off-site
center or temporary emergency operation center in
the event that the power plant has been affected by a
disaster.

3.6 Monitoring car
A monitoring car is a modified cargo truck or
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Fig.7 Appearance of monitoring car

minivan equipped with measuring devices. Fuji Elec-
tric has developed a monitoring car equipped with
a function for measuring specific nuclides such as
iodine and using a Nal (T1) scintillation detector and
a measurement unit (provided with a single channel
analyzer function), an ionization chamber detector
for measuring high-dose regions, and a radioactive
particulate measurement device. Previous monitoring
cars had limited onboard space and were only equipped
with simplified equipment, but this time a larger ve-
hicle was used to realize the same performance and the
same functions as a stationary monitoring post with
higher measurement precision. Additionally, a wire-
less unit is used to transmit data to an emergency op-
eration center so that onsite conditions can be grasped
in real-time even at a remote site. The monitoring car
appearance is shown in Fig. 7 and the interior is shown
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Fig.8 Interior of the monitoring car
in Fig. 8.

3.7 Simplified monitoring post

In the event of an earthquake, air absorbed dose
rate monitoring is required not only for the commu-
nities neighboring a nuclear facility but over a wide
range area.

Fuji Electric has developed a simplified monitor-
ing post consisting of a detector mounted on top of
a compact enclosure. By providing a single Nal (TIl)
scintillation detector capable of measurement from
background levels to 10°nGy/h and the minimum func-
tions required for monitoring, the price, dimensions
and weight of the simplified monitoring post were held
down. Also accurate measurement performance is en-
sured by utilizing components equivalent to those used
in the stationary monitoring posts installed at nuclear
power plants. Fig. 9 shows the appearance of simpli-
fied monitoring posts.

4. Future Efforts

The Great East Japan Earthquake caused unprec-
edented devastating damage by a tsunami. Stationary
monitoring posts are the fundamental type of outdoor

(RGP
||l HMHH

™

’ d---.-a

Fig.9 Appearance of simplified monitoring posts

monitoring posts. However, in anticipation of various
scenarios of damage, portable monitoring posts must
also be provided, and performance improvements are
the key for promoting their adoption. As an example
of a specific initiative, Fuji Electric is in the process of
developing a product that employs a semiconductor de-
tector and by replacing heavy lead-acid batteries with
lithium-ion batteries or by using solar cells, achieves
both further weight reduction and longer term opera-
tion. Reducing the cost and furthering the populariza-
tion of simplified monitoring posts will promote more
precise air absorbed dose rate monitoring around
nuclear facilities.

5. Postscript

This paper has described the status to date of seis-
mic countermeasures for outdoor monitoring systems
to assure the safety and security of nuclear facilities
and especially for nuclear power plants. In the future,
by concentrating our efforts on improving the reliabil-
ity of stationary monitoring posts and developing an
emergency monitoring system, Fuji Electric intends
to contribute for improving the reliability to utilize
nuclear energy.
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Supplemental Explanation

Supplemental explanation 1 MEMS

In general, micro electro mechanical system
(MEMS) is a generic term for devices such as mechani-
cal components, sensors, actuators, electronic circuits
and other such devices that integrate various functions
and that are fabricated using semiconductor microfab-
rication technology. In Japan, this field had previously
been known as the micro machine field.

To manufacture MEMS devices, various types of
materials are processed, typically silicon (Si) wafers,
glass wafers and the like. MEMS devices are fabricat-
ed using nearly the same equipment as for large scale
integrated (LSI) circuit manufacturing, but MEMS
specialized equipment is also necessary for such pro-
cesses as wafer bonding, deep etching to a depth of sev-
eral hundred microns, and forming three-dimensional
shapes or movable structures, which are not used in

LSI manufacturing.

Technology for fabricating MEMS structures in-
cludes surface micro-machining for forming laminated
structures on the surface of Si substrates or the like,
and bulk micro-machining which utilizes deep etching
technology to process the Si substrate itself and form
structures. Until recently, surface micro-machining,
which is similar to the technology used in LSI fabrica-
tion, had been the more common but with advances in
MEMS-specific process technology such as deep etch-
ing and wafer bonding, bulk micro-machining has be-
come more widely used.

Examples of typical MEMS devices include accel-
eration sensors, pressure sensors, ink jet heads, gyro-
scopes, and so on.

Supplemental explanation 2 Specific energy consumption

The specific energy consumption is the amount of
energy usage divided by “a value closely related to pro-
duction volume, building floor space or the like,” which
provides an energy management index. This index was
created under the assumption that energy consump-
tion will increase if the production volume or building
floor space increases.

Here, “a value closely related to production vol-
ume, building floor space or the like” refers, in the case
of a plant, to the number or weight of products manu-
factured, while in the case of a building, the total floor
space is often used. A suitable quantity must be used
for each plant or workplace.

As an energy savings index for an entire plant,
the specific energy consumption is a numeric value
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obtained by dividing the total amount of energy by
the total production volume. In a plant that manufac-
tures many types of products, however, the total plant
production volume cannot be expressed with a single
quantity. Even with an energy consumption rate for
the entire plant, if the energy management attempts
to reduce consumption, the constituent elements will
have to be retroactively analyzed and thus the specific
energy consumption will ultimately be managed sepa-
rately for each product and process. In addition, as-
sessment of the individual specific energy consumption
for fuel, electric power, service water and other types of
energy or their applications, and analysis of their rela-
tion to production volume, yield and manufacturing
equipment performance is necessary.
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Supplemental explanation 3 Sequence control and motion control

Sequence control is defined, according to Japan
Industrial Standard (JIS), as “control that proceeds
sequentially through various stages of control accord-
ing to a predetermined order or procedure.” Sequence
control is applied, for example, to equipment such as
building elevators and car wash facilities, food product
production lines that require automation, and produc-
tion line equipment at plants that manufacture auto-
mobiles or other products for which a series of opera-
tions are performed based on operating instructions.

Motion control uses drive equipment such as servo
amplifiers and inverters to implement sophisticated
synchronous control of the operation of multiple mo-
tors. Motion control is applied, for example, to printers
that print by overlaying multiple colors and to packag-

Supplemental explanation 4 Drift performance

Drift performance is a performance indicator that
also designates stability, and is a key factor in indi-
cating the performance of gas analyzers. Drift per-
formance is typically discussed in terms of zero drift
(stability of the zero point) and span drift (stability of
the sensitivity corresponding to the concentration pro-
portionate to the measurement range). These quanti-
ties are expressed as the ratio of the zero point or span
fluctuation versus the measurement range within a
fixed period such as a day, a week, a month, and so on.
As the measurement range progresses toward lower
concentrations, the drift performance deteriorates rela-

Supplemental Explanation

ing machines that need to align locations for adhesion,
and in steel plants, to rolling mills for forming uniform
material thicknesses, and to the control of servo-press-
es or other equipment at high speed and with high pre-
cision.

In actual factory production lines and at steel
plants, control systems are typically realized by com-
bining sequence control and motion control. In such
cases, sequence control and motion control had each
previously been implemented with their own CPU
module, but recently, with the improved performance
of microcontrollers and other such devices, sequence
control and motion control can be implemented with a
single CPU module.

tively, and therefore, improvement of the drift perfor-
mance presents a challenge.

Drift in an infrared gas analyzer is caused by in-
ternal and external factors. The internal factors in-
clude fluctuations in the infrared light source inten-
sity and detector sensitivity caused by temperature
changes and fluctuations in the supplied power, as well
as long-term deterioration of the infrared intensity and
changes in the detector sensitivity. The external fac-
tors include contamination of the sample cell window
and walls by contaminants (such as dust or mist) in
the measurement gas.
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Overseas Subsidiaries

North America

Fuji Electric Corp. of America

Marketing, installation and repair of electrical machinery, control
systems and electronic components

Tel +1-732-560-9410
URL http://www.fujielectric.com/fecoa/

Fuji Electric Europe GmbH

Marketing, installation and repair of electrical machinery, control
systems and electronic components

Tel +49-69-6690290
URL http://www.fujielectric.de/

Fuji Electric France S.A.S
Manufacture and sale of measuring and control devices
Tel +33-4-73-98-26-98
URL http://www.fujielectric.fr

Fuji Electric FA (Asia) Co., Ltd.

Marketing of power distributors and control equipment
Tel +852-2311-8282
URL http://lwww.fea.hk/

Fuji Electric Dalian Co., Ltd.

Manufacture of low-voltage circuit breakers
Tel +86-411-8762-2000

Fuji Electric Taiwan Co., Ltd.

Semiconductor devices, power distribution and control equipment,
sales of control, drive and rotating equipment

Tel +886-2-2515-1850

Fuji Electric (China) Co., Ltd.

Marketing of locally manufactured or imported products in China, and
export of locally manufactured products

Tel +86-21-5496-1177
URL http://www.fujielectric.com.cn/

Fuji Electric (Shenzhen) Co., Ltd.

Manufacture and marketing of photoconductive drums

Tel +86-755-2734-2910
URL http://www.szfujielectric.com.cn/FUJIWebSite/index.
html

Wouxi Fuji Electric FA Co., Ltd.

Manufacture and marketing of inverters in China
Tel +86-510-8815-2088

Fuji Electric Hong Kong Co., Limited
Sales of semiconductor devices and photoconductors
Tel +852-2664-8699

URL http://www.szfujielectric.com.cn/hkeng/company/index.
htm

Shanghai Fuji Electric Switchgear Co., Ltd.
Manufacture and sales of switching equipment, monitoring and
control appliances and related facilities

Tel +86-21-5718-1234
URL http://www.csfuji.com/

Fuji Electric Motor (Dalian) Co., Ltd.

Manufacture of motors

Hoei Hong Kong Co., Ltd.

Marketing, installation and repair of electrical machinery, control
systems and electronic components

Tel +852-2369-8186
URL http://www.hoei.com.hk/eng/index.php

Fuji Electric (Changshu) Co., Ltd.

Manufacture and sales of electromagnetic contactors and thermal
relays

Tel +86-512-5284-5642
URL http://www.csfe.com.cn/

Fuji Electric FA Korea Co., Ltd.

Sales of power receiving and distribution/control equipment and drive
control equipment

Tel +82-2-780-5011
URL http://www.fujielectric.co.kr/

Shanghai Fuji Electric Transformer Co., Ltd.
Manufacture and sales of molded case transformers

Tel +86-21-5718-7705
URL http://www.csfuji.com/

Southeast and South Asia

Fuji Electric Asia Pacific Pte. Ltd.

Marketing, installation and repair of electrical machinery, control
systems and electronic components

Tel +65-6533-0010
URL http://www.fujielectric.com.sg/

Fuji Electric Philippines, Inc.
Manufacture of semiconductor devices

Tel +63-2-844-6183

Fuji Electric (Malaysia) Sdn. Bhd.

Manufacture of magnetic disks

Tel +60-4-403-1111
URL http://www.fujielectric.com.my/

Fuji Electric Semiconductor (Malaysia) Sdn.
Bhd.
Manufacture of semiconductor devices
Tel +60-4-494-5800

URL http://www.fujielectric.com.my/

Fuji Electric Power Supply (Thailand) Co., Ltd.

Manufacture and sale of small to mid-size UPS and internal electrical
parts

Tel +66-0-2909-5998

Fuji Electric India Pvt.Ltd.

Sales of drive control equipments and semiconductor devices

Tel +91-22-4010 4870
URL http://www.fujielectric.co.in
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