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The progress in displacement sensor technology by
the change of application scene in manufacturing

High Accuracy / High Speed for Realizing Stable Measurement
during Scanning

Jun Takashima, Takahiro Okuda, Hisayasu Morino and Masayuki Hayakawa

Conventional triangulation method has been the mainstream for displacement sensors, but on leading-edge
manufacturing of customers, there have been the problems of the tuning difficulties when setting by the
triangulation method and the errors due to the measuring objects’ differences. In response to these issues, we
will release the new Coaxial displacement sensor based on white light confocal principle (ZW) which can
measure easily by anyone without material in 2012. As a result, we will release the product of the digital industry's
smartphone assembled It has been adopted mainly for inspection. However, due to the increase in the number of
inspection points by the lighter, thinner, shorter and smaller packages of smartphones accompanying the slimness
and higher performance of the smartphone and the evolution of product design, it is required to realize higher
precision inspection at high speed. In order to cope with such changes in the manufacturing site, we have
established a technology to dramatically improve the speed and accuracy in scanning, so I will introduce it here.
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Reading Technology of Data Matrix under High
Stressful Conditions

Masahiro Fujikawa and Masashi Kurita

In recent years, the importance of traceability is increasing to respond to quality problems such as recall of
automobile industry. In order to realize traceability and fulfill its social responsibility, companies are trying to
expand the object of individual management by printing two-dimensional symbols on everything and every place.
For the two-dimensional symbols to be printed, Data Matrix is often used because of space saving of printing and
flexibility of printing shape. However, with the expansion of the range of objects to be printed, there is a problem
that Data Matrix cannot be stably read in the factory lines. This is because stressful conditions such as dirt and
damage are newly added to Data Matrix due to the change in the reading environment accompanying the
expansion of the reading process and the diversification of the part shape.

In this paper, we propose Data Matrix reading technology considering the reading environment of the factory
lines, and confirmed the performance improvement compared with the conventional technology. We believe that
Data Matrix can be read stably under this high stressful condition.
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Al Visual Inspection System

Defect Detection using Deep Learning

Yuki Hanzawa, Yasuyuki Ikeda, Masashi Kurita and Yuki Hasegawa

In this paper, we propose a technique to detect various defects in uniform background objects (hairline, satin,
etc.) in visual inspection system. "Human resources shortage" and " diversification of consumer needs" have
emerged recently in the field of manufacturing, and the demands for the autonomous visual inspection system are
increasing. The existing inspection system, however, cannot adapt to a wide variety of objects / defect types. We
built Deep Learning model that learns a variety of defect types in advance, thereby constructing a defect
detection system that enables anyone to automatically perform inspection like human eye without any
complicated setup. In addition, without introducing high-cost computing resources such as GPU, it can be feasible
on existing vision system by highly optimizing for modern CPU.
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Stable reading for UHF RFID

Technique for preventing erroneous detection of non-target RF tag

Hidekatsu Nogami

In the automotive industry, the increase in the number of recalls is a problem. In order to respond quickly when
a recall occurs, there is likewise an increasing importance of individual part identification to identify when and
where all the components are produced. Among individual part identification techniques, RFID, having the
advantage of being more resistant to dirt, oil and dust, is classified into HF band RFID for short-range
communication and UHF band RFID for long-distance communication. However, UHF band RFID has a problem
whereby erroneous detection occurs due to reflection of radio waves from surrounding structures. This is the
problem to be solved.

Therefore, focusing on the movement of the RF tag at the production site, we developed an algorithm to
distinguish between the non-target RF tag and the target RF tag by detecting the transition of the unintended
power reception from the RF tag. With this technique, a highly reliable long distance individual part identification
system can be achieved.
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Development of transmission notification indicator
for wireless pushbutton switch

Keisuke Yano

With increasing high-mix low volume production in manufacturing industry, more flexible production facility is
required for rearrangement of factory layout. Wireless pushbutton switch requires no signal line and no power
supply line by internal self-power generation, so it has greater flexibility for installation than wired pushbutton
switch, and reduces wiring work-hours that introduction to the production site is progressing.

Meanwhile, radio wave intensity in factory is likely to fluctuate, so communication error can occur.
Furthermore, wireless communication is performed with a limited amount of electric power generated at
operation time. For above these reasons, it is difficult to equip with retransmission function in it when the
communication error occurs, and there remains a problem for reliability.

The authors have been aiming at improving reliability by cooperating between user and Wireless pushbutton
switch, and developed "reception notification indicator” that notifies the wireless transmission state (success or
error of communication, intensity of radio wave) to the user. By making it possible to measure the transmission
state instantaneously, the user can immediately operate again without decreasing the operating rate for production
when communication error occurs. In addition, it has become possible to easily specify the installation location
where sufficient radio wave intensity can be secured.

This paper describes the outline of “reception notification indicator” and technical methods to realize that.
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Development of Al-equipped Machine Automation
Controller (1)

Implementation of Al system usable by maintenance personnel and
installation of Al function in machine automation controller

Takamasa Mioki, Jintaro Deki

At the manufacturing site, the labor force is chronically short. In the future, productivity is expected to decline
due to a decrease in skilled technicians, and there is a demand for labor saving. In view of these backgrounds, we
are promoting labor saving by applying Al technology to predictive maintenance in FA field. However, in general,
Al technology requires high-performance hardware, it is difficult to introduce it, and maintenance person at the

manufacturing site cannot effectively use it.

results of machine automation controller.
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We developed Al equipped machine automation controller which can realize predictive maintenance using Al
technology only with conservation knowledge. In this paper we describe the implementation and verification
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Development of Al-equipped Machine Automation
Controller (2)

Data collection synchronized with machine control and realization
of Time-Series database

Masanori Ota, Yoshihide Nishiyama

In recent years, in the manufacturing industry, the need to utilize Al (Artificial Intelligence) and IoT (Internet of
Things) at the manufacturing site continues to rise in order to improve availability of facilities and
stably produce high quality products.

Conventionally, in order to utilize the data of the manufacturing site, data of each device such as a sensor and a
motor was accumulated in a dedicated database server via a network and analyzed. However, as controllers
controlling the apparatus become faster and more accurate, it is becoming necessary to gather data necessary for
more accurate data analysis, but in the conventional system, it is impossible to store all the data in the server It was.

Therefore, in developing a machine automation controller equipped with the Al function, we developed a data
collection mechanism synchronized with the control cycle and a time series database that accumulates the
collected data in the controller. As a result, we made it possible to create highly accurate Al machine learning
model, realized controller based on model based Al function and abnormality detection of facility.
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Development of Al-equipped Machine Automation

Controller (3)

Generation of anomaly detection models at manufacturing site

Kota Miyamoto, Shinsuke Kawanoue

In recent years, the need has continually risen for the introduction of Al and the internet of things (IoT) on
manufacturing floors. It allows manufacturers to contain the impact of skilled worker shortages and surging labor
costs, while simultaneously increasing equipment utilization and achieving stable production of quality products.
OMRON has developed a machine automation controller equipped with a machine learning artificial intelligence
(AI) algorithm.

Conventionally, in order to realize anomaly detection of a machine, it was necessary to analyze data based on
the cause-effect relation of the device, and to generate an anomaly detection model by data scientists.
Dependence on individual skills is an issue to be solved. In order to solve the issue, we have developed tools to
realize automatic generation of an anomaly detection model by utilizing a machine learning algorithm.
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Development of Condition Monitoring Function of
Temperature Control Device Using Control Model
Parameters

Hajime Tsubata and Takaaki Yamada

In the manufacturing industry, there is lack of engineers who are responsible for maintenance, due to environ-
mental changes such as a declining birth rate and an aging population. In addition, the existing equipment has
becoming decrepit, so the frequency of occurrence of unexpected failures has increased, and the operating rate of
production has decreased. So as to solve these monozukuri (manufacturing) issues, it seems effective to grasp a
status of deterioration of equipment, and shift the maintenance to Condition-based maintenance (CBM) that main-
tains systematically before failure. To conduct CBM, it is necessary to identify optimal condition as a control stan-
dard, and measure its status in appropriate accuracy, but it not easy to do it. Also, the temperature control device
covered by this paper is in the same situation of maintenance that the equipment is mostly replaced after failure,
including heaters, temperature sensors, etc.

The authors have enabled CBM of temperature control device to decide which and when maintenance is need
by using transfer function to vectorize features of equipment. The transfer function is generally used in the field of
control engineering. In this paper, we describe the outline of condition monitoring functions that realize CBM, and
element technologies to enable it.
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New automatic safety programming using safety
function blocks of PLCopen

Hiromu Suganuma, Ryosuke Fujimura, Hiroko Kubo, Nobuyuki Takuma

In recent years, manufacturing companies need to meet the request of “multi-variety variable-volume
production” in the era of diversified needs. Along with that, they also need to develop safety systems that can be
flexibly modified according to the changeover of production lines. As a solution for that, safety controllers are
often introduced.

Since PLCopen, the standardizing association defined the specification of the safety function blocks,
introduction of safety controllers have gradually become less challenging. However, it is still not easy for unskilled
developers in safety programs to use these function blocks, because the specification defined by PLCopen is
highly flexible. Since it is also difficult to create a safety program with high scalability and readability considering
future improvements and extensions, it can be said that the barriers to introduce safety controllers are still high.

To offer solutions for those issues, we realized automatic safety programming on the Omron’s programming
software Sysmac Studio. In this paper, we describe technical achievements and effects of automatic safety
programming.

We confirmed that the “automatic programming” function of the Sysmac Studio can shorten development
period of safety systems.
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Concurrent development by multiple developers in
an integrated factory automation development
environment using an open-source system “Git”

Shintaro lwamura

In recent years, consumer needs in the market have diversified, and new products have been successively
produced in a short cycle. Manufacturing companies have installed new felicities or added new production
patterns to existing systems to manufacture new products.

The control system of production facility has become more complex and the scale of control software has
increased. Also, in order to respond to a short cycle of product release, it is necessary to shorten the development
period of the production facility, and the number of cases in which the development of the control system is
shared by multiple developers is increasing. In such a case, it is necessary to collectively manage the settings and
control program, but there have been problems such as matching of duplicate changes and management of
change history.

This article describes the cooperating technology that we developed for SysmacStudio which is Omron's
integrated factory automation development environment, and an open source version management system Git. We
confirmed that it can shorten the development period by managing changes of software developed by multiple
developers, and reducing the backward man-hour caused by mistakes. It was also confirmed that the development
period could be shortened by using the completed control software and applying this technology to the control
software development (derivative development) of similar production facilities.
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Measuring “insulation resistance” for three-phase
motor while operating

Koji Yokota, Tsuyoshi Takeuchi

In production lines, stable operation of machines is one of the most important factors so that it is required to
have scheduled maintenance at the right timing.

In most maintenance scenes, maintenance personnel will visit factories for regular maintenance and inspection.
However such action has become more and more difficult these days due to shortage of workers and engineers.
Additionally, risks of losing business chances due to the sudden stop of machines often force maintenance
personnel to focus more on the corrective maintenance. As a result, the shortage of workers and engineers will
accelerate. This fact urged us to change our style of maintenance to a preventive maintenance by monitoring
machines' condition.

We focus on the three-phase induction motor which is used in various machines as power source and normally
treated as an inspection target. To deal with its problems, we developed the “Motor Condition Monitoring
equipment (K6CM series)”. The K6CM series makes it possible to identify common motor failure by using the
parameters (vibration, temperature, current and insulation resistance) it’s able to monitor.

This article describes the method of measuring insulation resistance of an operating three-phase induction
motor with inverter. In conventional method, it is very difficult to realize. The method did not only make the
measurement possible, but also succeeded in achieving sufficient accuracy.
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loT Data Collection from Control Devices
Yoshiaki Kobayashi

In recent years, it has become important to make a full use of sensing data from control devices like sensors via
new IT technology such as Al. To accelerate this, it is important to collect and transform ill-formed sensing data
from control devices to well-formed data.

In this paper, we have tried to transform raw data form various control devices to 0T data systematically by
using PLC in FA field as a data hub.

As an implementation, we have developed “Device Information Library” which contains specifications of
devices and “Formatting Tool” software which generates PLC programs to collect and convert data based on
Device Information Library. The generated programs transferred into a PLC execute integrally data collection,

transformation and upload to IT layers.
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Development of super high-speed CT X-ray
automatic inspection system

Makoto Shichiro

In the board mounting industry, there are an increasing number of parts and boards that are difficult to be
insepected with AOI because solder is invisible. And high quality requirements such as bonding strength of the
automobile industry and full surface inspection of the solder are increasing. In order to respond to these needs, we
introduce the latest technology for achieving within the given on-line takt time required which was the most prob-
lematic task in CT type X-ray automatic inspection equipment.

For continuous imaging technology, highly accurate positioning control and high speed image sensing are
required. With this technology, the VT-X750 realized a significant improvement in takt time by more than twice as
compared with the conventional machine, realized low radiation inspection and made the first in-line full surface
inspection possible in the industry. Based on a new platform, we introduce Omron’s AXI (Automated X-RAY
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Proposal to Make Full Use of Data from Web
Inspection System by IoT Technology

Recently, manufacturers have some common issues such as highly developed manufacturing, complicated manu-
facturing, or manufacturing with few skilled people. They are trying to solve these issues by IoT technologies based
on big-data which are corrected from the machines in the manufacturing site.

OMRON Corporation Inspection Systems Business Division has been providing the auto web inspection systems
which have Multi-wave sensing technology to find defect by utilized several light sources which have different wave

In this report, we have developed brand-new service named “MONOSASHi” service, based on [oT technology.
The service can visualize various manufacturing condition to improve productivity using our auto web inspection
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Q-upAuto,Failure prediction system with
AOI-mounter collaboration

Hiroyuki Mori, Mayuko Kishimoto

Recently, manufacturers of printed circuit boards are required more high quality and more cost
competitiveness. Therefore the manufacturing lines must keep high quality autonomously without human skills
and work.

Omron Corporation Inspection Systems Business Division has been providing the inspection system which
performs 3D-measuring and inspection by quantified quality standard. And it contributes to prevent outflow of
defects at many manufacturers.

To make their manufacturing lines not to produce defects, we have developed Q-upAuto; M2M (Machine to
Machine) system of inspection machines and chip mounters. It can detect failures in manufacturing process in
real time and automatically.

We installed Q-upAuto to Mass production lines and confirmed effectiveness to rise and keep quality.
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Application of monitoring technology for social
infrastructure (1)

For validation and achievement of monitoring system with high site
applicability

Takuya Kuroda, Hideshi Nishida, Tomohiro Ozaki, Tomohiko Hinoue and Ryota Akai

In 2022, over 40% of bridges with a bridge length of 2 m or more have reached an aging era exceeding 50 years
after completion of bridges in Japan. In addition, engineers of the baby-boomer generation retire and the technical
shortage to maintain and manage domestic bridges is getting serious. The Ministry of Land, Infrastructure and
Transportation positions 2013 as the first year of maintenance, and implements many measures, and is also focus-
ing on utilizing the latest technology. Among them, the monitoring system with sensor technology has been drawing
attention as a technology for monitoring the damage of the bridge which can be substituted for the civil engineer.

Since 2013, in order to make use of Omron’s sensor technology in the civil engineering field, we have been
developing a monitoring system for bridges with civil engineering knowledge of Tokyo Institute of Technology
through academic-industry collaboration. In this paper, we introduce the results of the system development for
applying to the site environment where the bridge is placed and efficiently collecting necessary sensor data.
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Application of monitoring technology for social
infrastructure (2)

Proposal of evaluation method of deterioration/damage and result
of field experiment under SIP project

Hideshi Nishida, Kazuo Takase, Goro Hatayama and Eiichi Sasaki

Infrastructure built in the period of high economic growth in Japan is becoming deteriorated. However, there are
some social issues to maintain and manage. In addition to an increase in the number of structures that need to be
inspected, advanced technical judgment is required for evaluation of the inspection result. Furthermore, it is an
issue that costs are expensive due to mandatory checking once every five years. On the other hand, monitoring
technology utilizing 10T technology capable of sophistication and efficiency improvement of operation and mainte-
nance is expected. The authors developed a remote monitoring system with wireless power-saving sensors jointly
with Tokyo Institute of Technology, we have carried out the field test at the bridge of the Ministry of Land, Infra-
structure and Transport since 2014. In this paper, we report on the results of performance diagnosis by “Charac-
teristics chart” and “Deterioration/damage scenarios” proposed by the authors using the system and the effective-
ness of application for maintenance management.

(L, BHENTVLRIETDA v 7 IREY O SR BES

b
WAL L7 E B R 5,

KETIZIBOERD = 2 —F 4 —LVBERIC X > TRKED F 7o, ST L TV A HES A AL S0 HARKEA~D
TEEAG R X 41, BOLEHRME L 72 19804EMRIC RIS ﬁi%ﬁAm%i&&ofw%ogﬂ6®ﬁA4/77#

XNBHEA V7 FTHREDPFAEL, HEERNR 0T Kz 2HEILEEHETH Y. LARSGEZIFTRL,
Hot-Z LRI NLY, HARICBE WL TIEI960ER D E Al b, Y22 =Bl odE sk shTw 3
FERE IR IC KRR SR SN 2 Eh s, KEE —Ji. i EEED LR AR BIEANE . TEEELE,

FRRICS0EDFEHE T 2 201 0FEDIED A > 7 1K T 2%4
MERTER S 0, HLEE R, AL v 7 7 oEAal
DR, HERFEHADOKEZHED CTE 2, Z DERZIRILD
L 20124E1 2712364 L - rp e B HOETE S v 2L D
KARRAVEF LTI, EMLOARLEIBENM L 2T TR

SEF&SE © PEE 54  hideshi.nishida@omron.com

122 (122)

D &I RHEOKRL, WHELIRS TIE R\, 2 I TH
FHold, 2ok RBNEREIIC T, 20134 5 BT
R ety 79Dy s VY a— a vt
TeIE ) REIFL, ALy =T MEET Ay v
JEAE, ToTHAM &, KRFEDLARLFEZAE L, M



(]8T

DEEA - SR Z B, v 7 98 =8 Y) v 7 OHHRE
F L IHH oM EED T E T,

20144F I E, RS EET 2RI A ) R—2 a v
A&7 w774 (SIP) @ THERFEH - B - v 2P A b
Bl 1t 2 N TRIRZZ, 5rEicbiksE=4Y
VIV AT ADOBGFEERIToTE T,

ARETIR, BIETANEDOERLELIEEA V75D
EFHLDIRDL., B L OEE S D N TORD A DR
WL L 72,

2T TR, #AA v 7 7 OMRHEEIC B ) 2 BUROF
S, FHRED DT — 212 X B E IO T @D
BETHDBIERRT,

3T TIX, BRENRIC, HLBEEERTEETH S
MEtEA VT &, IO EEGHNT 2 T4 - 45T
fii, ICk2E=F )V I FEEHIREL, MEYOR
JE IS L 722 Mo FIR%Z R T,

AT, BAFK LYY v Y AT L% SIPOBE;
SR L 2R R A2 R T, NREREIMMoEReS, 2
Y7 ) — FRIRD O OHINDHER S . BIPHE T2 8& S
N3, ZHITHL, T=F Y 7Tk ) OE DKM
MEETICEHFESELTwD I Ex, b ok & DBIfRIC
XORT, EoiC, YIHNREE, KRR ZHEE L, AR
(BAMERE) #2ERITRT 2 & T, BWHILMED ZEHTHE
LD RET ZFEN TR X 2R IICERIT
HBHEERT,

WHETIE, AfECTHEONIRREEZ LD 2,

2. MIFEIEORIRERE

A7 IEEME. ATy TV RELEDRS, A
by 7 BB S 2B 0RICE»P N TS, T
E. A ¥ 7 IREEWTERD & 504E 28 2 . EViflhsE
ATV B —JT, ik L WIABCRIL D 6 B2 1T 2 03T
EHVEDTH L, 2D, FEYORHE - Hig% i
HIIZHEEGT 2 & 9. MR F 2 13lifE, wlimz 3 2858808
REL 25,

REDITEFFHRRE L THIRENDH D | FRARIIHN
EYIHEG, HEIC X o THERE - MEREDME T T 27,
RLZBIATIRETH Y, —7, PHifRe L. GHbiY
SRS O SR, R, Kk ER TV, T o -
PR T 2 RRICH LT 2RETH 5,

MUZRT &9 ic, PHifteTE, MRS Of
2 (BUAERE) 2408 L, EHEHEIC X 252179 2
LT, NEBIREREET S  ENMEEE RS, L
235 T, WEMOFMEZEIZ L, K4 - RDEHHRT S L
YT, HHEENMABZIETIA 79 A 2L aA DK
WE 2 2 EHREE 252,

el v 7T~ =2) v rENiOER (2)

B FIHRENFEEZEBLATITHAVILIARNDIKIR

FHREZETL T oI, @eE2EEL, &
MIEMERZET 2 2 EEE L2 S, L L, BIROMER:
BHICE T B EBIE, BEICTED AFIC & 3 4B A
DTHY ., REWZBCHRANOFHE MR TH 5720,
PEREREA & VD LT L e v RN S 2P, 22T
RN 77— 212k D BRRO@AE O FHffi> i R %2
FHT 270D FHEICOWT, EVLOIEIEE L <
W BRERIZ O BT 2o 72,

3. BRERRDIER

31 BHHEHANTFESSFVATE MEYOMEREIE
T, AT 2 IREERGHT 2 2 L RINTH B,
REFEMZFHE LT, KRB (), Rl 2034
REPBF NS, HlZIE, BRIEGHE (HEiHER)
PHE R EOAIT X DIRENS 5, RriC, EROE R
PIC k> CTHEA ISR E ZEHARBI 25T 2 2 &, &R
OREZR IR T 2 L THARNRTETH L, £, S
I ORERIIEFE L., BRICLDIENEAEL 2, BROKGT
DIERIZIETTH 503, ISFEEFHTE VWD, 6
T EBROH 20T AEGT 5,

TTIC, IN6IEHT7 7 A NPERZ EEIEHAL, €=
ZV) I BFER, BAREShTwY, Lal, 4
EA D =R LEDOEMNARMEAL VICESLTEL T,
HHEGEZFNTE R V), REDEHPH 27, Zh
. BRI =% (REPOTAELE) %, HEE, FHE
BE LT 860% <, IHEOZLIR TS Lok
DERL D6 W I L2, MEYDINE DA DFHITH 5 72
b, ZLOBERDBFTETE VI ENFEELTELS
ns,

—77. Gl TIX, EEEOS AT LALBROM. ¥
Wi E247H 72012, SHIT =806 3 AT LFEZETTH
2, EEPOE=s ) S THRBETH D, K2R T &
HIT, MEPHERE, EDXIRABNbY (v 7y

(123)123



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

F), ZRUC X DR EIRE LD (P77 b)),
EVI) MR E T 2 Z EEETH D, ZORIGHE
RIFTEROMERME 2 R T 0, TRk VT MO, B
MR O E 25 & LTIRET %,

. HEBEHONRICED ALVTDL Ty b ET
TR Ty FOMAGHEEEIRT 200D 25, vy
OFEEZIRT Z L1, £y HITRIR L 23R ERHRSF o F
Mo, aAx b, FEEEZEE T EHELS RV, 22
T, RET 2y, Ao INREE v L 0T
A Y EIERE L, T T— % % B I A R
T2, HlZI1E, NEE T — 2 5 6 BE AP EM~, O
T AT — 8 H 6 AT RiEfTE & & ANERE AL, %1k
BEICHE L 2 EHE2582 2 LT, FRoOFEICHIET
%2,

—Ji. BIBITRT k9 i, MEYDMEETH 2540 iR
FEPTERME 2 EOBERIC X D . Rl LT3 b B HiPH T
fil, 5ICHLHRGOETICE D, Zoomeknzil
T2LHEZDL, Lo, fizilgE L 729 2 ¢, Fitk
AT DEALE G EOR R & LTl T E iU, 4
LRBORERHEE L, @AEEZHET 2 LB TE S,
e & MRS DR 2 R 87 A= 2L, #l
ZNEY v TRBREE, NAEBRBETH S, ORI
HeANT L RBEIEMRT % LA G b 7 Gl Tk %2 Fiis 1o $
KLU, "Bl 7V ARy EERZEET D,

K2 12T ybeTINTYMILBETE

R3  4FtEhILT

32 EZHVVIFIR FEREBBEIANE CHHER 0,
HRGOFAEMEZ IEMEICFHIT 2 2 LI3ES TR 2w,

L7735 T, 4R T X9, B&EWadk (Fa—)L)
Mo, b, TG, SRR AR D AA

124 (124

TV 2 EWRINTH Y, 7271, EHRMEIL <L
(B—AN) FTPHTEIEIIREETH D70, LR
LA GbE 3 2 EDBIRINTH B,

®4 FHEL~NIV

41 SHE  20144FF512 SIPERINGS . EEZ08E X b 9Z8F
BB ORMEZ, €28 Y v V07 o I BHE %
fio7e, MRMERIFZ2007E3HICB T L 7, 165232m, 32
ME71.3m+88.0m+71.3m», gkffiz>v 7V — b K%
Y 2 SRR HSRANTE T H 2., IXBISHRIGRD
M, X6 Wi % 87,

5 MRER (AlE)

6 HIER (Him)

FEOREE, higtfoa v 7 ) — FEKICIZ, EfiiE
A ImEETORENBE L TE Y., SEM o
i, BN RoETHRI N, 22T, &1
R T k92, JEELOUHEIIC X 2 MIPER T R % H
iz, 32ETRLALE=Y Y vV FIEEEEE A 751l % 37
Rl7z, 7, FERADfA L LT, HIEERFO BEGEEH
HEREL 723l & L7,



(]8T

®1 T2 5@

A | | Ew | #F 1
BN e
" i e | BB e fe B
(Rifiraeth) | BUEOMDIC | USRI,
L2 MR O | @M AR IR B ([
= MIPEEE MG | AN, WEE, =—F)
A @M :
aysy—r HIDOT R, FebA
oo avry—1 | ﬁ%ﬁ@@ﬁ%ﬁﬁ@%ﬁﬁ
g | e g | 8
im@@f (b7, G, 18
TR )
" ST i
P IR, |, -
i| . s gy | OIS E ST
R

42 ERRE (GEWE) O

(1) BB HBHEZOESICL 24D ELIZE D,
WEYN R BRI 1, BB E S 2 L iF—-MIvica S
NTw3, ZOLOERKETIR, HlfOERICH L TR
=20, i (HEijc2»2 2 EE) 10t &) HIERAFT 5
NTw3, BRI L TIE, RESBEEENER S Z
EHETRENTE Y, HREOI2ECHRBICVET 2 &
LEbNTWR?, Hl21E, ’7IORT L), #E12t0
i 1 8 2GR O I JIF TR, 10t DA
IICHIS T2 kicmB, 22T, MBI, Bk
V4. ATE IR TGRS BT 24 » 7y ME#RET S
el IEfE R E T 7,

H7 EHROERICLAEROEHICRITTHZEY

(2) &RiE FHHETRFOGEIM OIRED S EHREZ KD
% Bridge Weigh-In-Motion (BAF, B-WIM) ##RH L 72,
B-WIM (19704 RICKETHZE S 1, Ko 2% flH
THFEDNFRTH 5, HERE I, B EIBE L7
EEI, MoIE BIAE, HioWih, F721E01%
E) B, EDXIHICBLT 2%, BN E DA E OB
LLTELEDLDTH S,

HiD 2R IE, SKHR KA T 2 72 DIRE R 7%
D, WBOEMEE L8, HliHELOMEE2 2 5,
Z 2T, Ml OB A LU R O BRI o S 2 &
FIF 3 2 B-WIM % kg L 729,

bV IFEE S DT L 2. BEITREATORME
DHEER, EZVROT ALY E2FHAL Y,

EXVROT AR, FHIGICREED S 2720,

el v 7T~ =2) v rENiOER (2)

8IZ/RT & 92, & A Vi@ AL iE AT o KRRk S o Hifk
WETIICRBIE S 2 2 & ¢, M (BEWGETT ) D # 22
Tz SRR E Lz, 7, ETEEZFNT 2720, H
WEFT D247 (R9DC7, C8) Itk v I ZaRiE L 7z,

E8 tHEEAME (KimE)

E9 tHEREME (M)

22T, BWIMOEH oWl 2, K10IcTR
T X I, ERERE v CETT %3O IR LT,
OBy OHREMNE (x=0LT23) TBF20THE
MEDBREZEZ %,

®10 B-WIMRE

BERL, HAMEOEOERE L TEINDI D,
I(x) 95 &, M LDOOT A gq B L TOUT DBIRDIL
URVASR

cq=¢e1Texrtes
=Pi(x)) +PaI(x5) +Psl (x3) 1

ZZC. lfiEH2Z t=0lcke vy LREBELAEZET S
Lo B =t 2B B HER EOOT A ge(n) iZ, 15
RATRIND,

ea(n) =P1l(vtn) + Pl (vtn—112) + Pl (vtn— [23) X2

hFATRREE 0 & WEE POI BRI & L. vIZKOIR ¢ HipljiE
TIAMD2HFTNCRE S e, 0§ Bz v 3 [H iR
& RIBEREEED 5k 5,

(125125



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

—J. AU EZ 2B 2 0 FTADFHMIEZ en(n) &
L7286, dHHIREIN O T ORI ICE W Teg(n) & em(n)
D2FERGE 9 DM/ N E 72 D K ) ISR [(0) 2R B,

p=Yn(za(n) —em(n))* X3

I(x) X, B-WIM ARG E ]2 & 2 & il E F2hE
L. FokdTE L, IO e, (n), X
O, RO7-ER () 2 K11, 1212787,

BE11 O HEHAIER (38E)

E12 KR EHR

—Ji. BWIMDERR X, 50 07— Ao FHHl 7 —
Zh 6, MY &SI 22> S Wi EEE 4 % ko
2, IN5ETORDIGEERI(0) XD, A3 5 HhH
PR R E L TRDDZENTES,

(3) B-WIMDIEEFFM AfTatlic X H B-WIM O f5EE
A 2 SEE U 72, ARBREL O R0 & RS R 2 2, 31T
T, BEDRSELE, Wekom BRI 2 B2 255
12, MERICE O TEMEICT 25HIRES £20% LT & L,
FRBRAeE (EIBE. EfTnE, i, W, v 7150
POEMEEZL90% (P +1.650, o BHERAE) & L7, Z

w2 EW#AT

BB | =l

1 11.82 4.98 3.58 3.26
2017%1H

2 19.86 6.12 7.04 6.70

3 19.78 8.08 6.06 5.64
20174E9H

4 15.22 6.44 4.52 4.26

5 19.78 5.72 7.16 6.90
20184:9H

6 15.32 6.00 4.80 4.52

126 (126)

®3 HEREM

HERH
1 S
20174E1H
2 67E
3 115
20174:9H 20-60 [km/h]
4 97
5 8
20184E9H
6 107E

TUET =8 RIS 2 ESHRER L RV TH B,
132K T & 9 ic, 52 DERIC B v CEFHIE A 1Z
17.7%TH 1, AERBEEZERXTE TS 2 E2HERL %,

E13 MESFHAIRZE (BERHLER)

7L, ERVROT AL IIRERE (0.47%,°C)
EET 570, REICXZHIEZFEmBL TnD, o, &
M (Y EME, BEEHMMEE) X5 F 70y A
s, WRIGRTIIERT2% FBEAEL 22 & 2MERLT
BO, KIEZEML TW»5,

(4) EERZEEOFME B-WIMz T, 2FEHoER
WISz R 72, FH5 A4 2 > 733K £ 15K 1 H2[H T,
1A D E5FHDFHI E L, FERSLL Lo H O &% 4
L7z, MI4ICHRZRT, > 6, BHEOHETH
%, fREF20t % HE S 5 Bl 0@ T EESHE T E 1,

E14 EETEE

43 EXRWFEOFME

(1) By NRERTE2r 7Y — FRRD O OElIe,
M OB I X DHIPHE T2\ ESshs, 22T, 9
Rl (a—r0v) OFERRHEZ R § 1A RSz 7



(]8T

LT E L, ANTOEIC OB THNZT> 7, ZHiucii,
BUEE 7V O RE (g7 2 —%) OFEL S
W, BXOZEESGERDZ Z ENENTH S, 22 TH
EE T NZREEL | EAG RS FHIiNR & L 7-5{LEG
DOWIR (a7 V= RO O #E, M OER) 1<
I 285 A — 5 OHEE R I L 7217,

(2) BB [EHEMMEEZFHT 28 EE i3, HEAR
Btk 2R T 2 2oz, (R ORENZ FHI$ 2 238235 2,
MR > O EMEZ K517 T, P1, P2, Al, A2
ZEEmE LT, XHDnl/2 (M150C5, C17, C29) T
HFxE—F, 1/4 ("150C3, C8, Cl13, C21. C26)
THHRE — FEMHICE 2 hEZEE L 72,

E15 MREt-YEEME

(3) F¥EE 9. AL ZREF—4 25, [HEAG R
Bz k 2 RSEREMRT 21T o 72, EEBHTICIE, S 2 F 4
FEFED—>Th 5 NEXT-ERAD'O Lz 2 Fik4 A
WTATo 7, Zaud, BHWEEITIC X 2 i EHRE) o 0 5H e
W00 & B HIMEINE B2 BT L. WA AR E ko 2 F
ETH D, I~3RDAEMBEZ KGR,

E16 EEREHORERER (F—%)

—J7. G EED & FM7, BT, RCIRM, 2743
RAEBEETFTNMALL 72, RITICET N, R4 TF XA —%
D—HlERT, Flo, BT T L BRERTIC X DR
& 7 [EAG T A 2 R8I S, [FIERS R & AT SR % Hog
T3 L, MHIS~I0%DENH LT L5, i
WA RREZ R EA LT & LA, Wl GEEHMEIC X
LM 258Uk GHUT—%) ~oZ{bTthbh, 0%
I T 2GR T XA =5 %k 5 2 L3, Zbe TV
AR E 7 5,

X7 A= DHEEITIE A ZHEEE Tz, XA ZHEEIR,

el v 7T~ =2) v rENiOER (2)

H17 HeEoFEET IV

R4 BEBTICAN/NTA—4

MR
A > 7 (%% Es 205 (GPa)
SR L ps 7750 (kg/m®)
R A 7Y v Vs 0.3

gffar ) —hv 7R ¥ Ec
gifar o) — &R pe
gfar 7V —rR 7Y Ve 0.17

28 (GPa)

2300 (kg/m?)

H18 EARREKRBOEERITER (FREHE)

HETOHEIC, FicEon-Hie 54T, e EHT
ZECENTIETH D | FATORICEEHE, Frizicfioni
HRICHEREBR 2T 2 2 £ T, BIROEE T X —
S ERHIET H LB TES, R 6. EEREHEDEI
PR Dy 7 ) — DY v 7R (Be) b L,
Z Dfi1328GPan* 59.85GPalfE T L TWw 3 &\ ) ff A
"Bont, "I XA—FHEEBREZRKINIR S, qldhk
Bz ay 7 ) — FIRO O OFENDEE L T IR0 E —3L
LT3, 7o, BREER (Fu—o) OEGREEDS .
lsgfioay 2V — b v 2B (m—An) ~, B
BT 2R DHENTELLE A D,

B19 ~NAZXHEERRER

(127127



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

44 BEHEOFME

(1) B# ==V v/ CEELI LI, K2TRLL
XV EFER~DA 7y MEHRE. TV R Ty MERZ
WA 22 £ TH B, ZORNNIGEIHRIZ. BROMERE
ZRLTEDY., HLRGOE RN Z SN LEFET 2 5 2T
HETHS, 22T, 42HTROZIGMELZ A > 7y b &
L. i oO$HRZTY b7y b & LD VT OFHLI%
192 &L

9. IGMAE EHOTADOBHRICOWT, M Lok
AT %, K201Rd L9, RSy s &, 3o
ARG S L TN SR S 2, S oW IS AR
HEBBRIGHDIAEST 2, OO, TS E
o EMEO Hazdil (6=0) 253D B (H 2V R %
ToOWEEy &, WA RE—AY M HFE—XY FME
DOENCRADBIR D 5,

E20 HhfESIIBRDER

o= My/I 4

—75. B2UTRY &9 2Rz 8179 2GMEP & O
I T 2 O e & DBIRRIZ, MEIOY Y 782 E &
T2, AbTEIN S,

e=o/E X5

L3> T, 4, 625 LT ORRE» NS,

e=M(x)y/EI
=PD(x)y/EI X6
I,
D(x)=(L—x)/2 L/2<x<L
D(x)=x/2 0<x<L/2

L: X, x: POSLE
M(x) : POfMETOMITE—X v b

R21 FELOTHOBR

K6H 5, IHHEP L OTHDBRIZ, EI2ET L
%, ENZHGTHNE GEMofiniFic &) 2R-32 &0

128 (128)

5. ZOMREREL T2 L3, HLEEIC X 2 RIS
TrE=4) 743 EEELT, GTHB I L30h
%,

(2) RiE VI ALY ORENEEK22ICRT, av
7)) — b RIRKD OOl DA U T B i o dige (11
220 C17) DOTHAZTI N7y b L, 42IHTRD
EHEEZ A~ 7y b ET 2R VT OER. FHiZ 1T -
72

®22 UFHEYDREMAE

(3) PPl JUEHIZ K231 Y, BRI, A %
HEMETOOTARERT, oD 7T =5, Efrd
L. e &0 & Al & U CRIGAHT . Rtk L 7 %
B L 7c. 7= 13, WEMIE, & 7%y F Tz FE L
w3,

23 BIES

TERR L 72 A v 7 &2 2418 9, BEEC G B, Al i
Cl7oKi03 A E L, 20164E10H 252018411 H ¥ T
TEITR L%, RPETOEEIZT — % OEBIEROMHEE
ZRL, Ao MHEIZEIOWEERL Tnwb I LIk,

RIT, WHEMRITIC X 29> F ) Az EfMEL 72, 2
TR, XDEBICAIL i e § 5720, ElZOU#EIN
PEL TR W Of & L (Ec=17.81GPa), Ryt
Modk, OOEIRZEE L 28T 7V 2R L., %21k
SRR EFEMT S & LT,

BRI, av 279 —1ro00Ehic & 3 5{boikE
WCADY, PIHHIREE L L COvEIN I IRIER a, Bl
EFRgIC, AR o & Im [EBE CREEE A 7 i O OVEl
nh3dh 2IREE b, KIEIREEE L, $kBoRwmHEEETH
2 0.25m [HlfE Chfillh, FEiE A I RO O OElnsrH 5
W% c & LCHHIiZ T o 72, O OVERULEI T DA X =2 %
X251z, FHiMlifG R 2 M2612R8 7,

E9, BUG L MRS, SRR o A Lm R CAg e A
HINZOCEI N H BIREED ICB T, AL T & RN TR
2, FEHLTC0E I EDHERTE S, 512, VUH



(]8T

®24 MO ALEFEICLDEMESILT

E25 UVUEIhDET

26 HILTERRMTIEEDEEEL

noHHIREa & DI TIE, WIPEDE T 23R S .
IR e TR, SSICHIEET§2 2 EbH 6L
mofe, THUT XD I EBUR, KRIREDZLE T
A & D ERMIOR S, e BIATERE) oftE
MR L o, oI, HHIEEDRENHETH D,
WY 54 v 7T, PHIRAIC X 2 MERFE LD T AE
52 tz2RLTw5,

el v 7T~ =2) v rENiOER (2)

AR PHIfREIC X 2HERE O TR HiNC, &l
Mg 7 — 212 & 2 RS ofEe, AR Z S 2 F
LS L, B TOHEIERITo 72, NRIERIE, El
10RO M 2RI TH > b, RETEE=%
)y S RHEOEMEE R N TERLEEZS, T,
KD 156 N REE R T,

(1) W§EP O ANHINSE 27 B L 723l 2 Rtk 2 v
TELTERL, DT OEICHET 2 R % Mg
rick Dz, WEMORIE, BUR, Rz ERLT 5T
EaRB T VAR E L TEALK, IhE2fEEY ok
JEZIE U 225l L ~OLCHEHE L, B W & S AL HED
B % F IS SAERE] 0 SEEE IR % FHimi L 72,

(2) HHBREIORHI & LT, FEE o0 L eyl
OB 3% 7 B-WIMIC & b iR 2 Fh6 L 7=,
EITHEERIC K D RRE RO EAE IS 2 FHIER A T20% DA
T (P +1.650) ZFEBLL, —MESHICHT 2 ERIGH
HOFHITIE, EEEOBIE % T 2 MEEEH S H
2L 7,

(3) HEAFHED TN TIZ, MhE koG IREIE I E H
L. T — 21 X 2R6EME &, BUHE 7 VIC X 21
TEMNT & DLl % HHE L 7, W & BUR OB o 2
X, PREMOa Yy 7 ) =Yy SRBOETICL S Z
D X, HBNED, FHEEERD & B O KRR~
ELRDIARDTHEETH B Z L ER LT,

(4) PRI B WL, TEEE & MO T ADRHE A LV
TH, HOMTHIMEEI 2773 &) g Lotz i 2.
G cREbLTw2ay 27 ) — o0 E T2
T LIRSS & i L 7o, Z OFRSHR. A VT L HEEMRNT
WXk 2BURD—HKERTE E DT, WHL. KEEHEEL.
i % E R L 72,

(5) F72. ARl T 2vas, B E ACMBUKE
BLyYOEI» s, BRNOHEEMNEREZHEL, B
RO To7, T—9 oML WERRETH S Z
ERHREL . S50, FHEEFEEPICTEA L B ELE D
HEBRFOMEE 7 —% % b Y AR X 2, BiE»HE
EEN B YIREB DI b 1T - 72, HIETEEHIE OIRE) % L
L., BEMECTOuARLT E T2,

(6) kit (5) Z&L7TREBOREA VT I X 2 5l % 52
ML, ARESHIC B CORBEMRIT & O 2 Y EMER. B X O
SJERTIC X D . FHERYNCAEE L 2 WIVER N &R R
P o,

GRAGRHEA N TIEHILER BOE L, RIIWAE=25
U ¥ 7 K B HMERFE BRI ORGSO, RO IR &2
B L > AT b oth e 2D Tn L,

#HE AURO-EIX, ABEMRERYE - 4 /) R—> a3
VEED TSIPA v 7 ZHERFERE - P - v 2P AV MR

(129) 129



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

it 4

B L 72, EEREED THEL v 7 I ADEZS

U ¥ JEAR OIS IHEE B S 2 BANIFZEREFE ) 1IcE TR
SNIRBICE B HDTH 2, Lt 277w Et
A DERRICHI 2 i D TRBMOEZRLET,

2EX

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

130 (130)

P. Choate et al. America in Ruins. The Decaying Infra-
structure. Duke University Press, 1983, 115p.

K 21 4 B 4 %0 A, http:/www.mlit.go.jp/
hakusyo/mlit/h22/hakusho/h23/pdf/kp210000.pdf, (=
IH2018-12-7).

AENE. MEYOMREMICE ) 238 & Y, HEiko
EPHLRRICBE S 2 aHHE, 20164229 H,

AN, CEEML, EENE, C HEEGR O B B
LA, ENARERH TS A RWIZERT, 2009.

HEA v 77028 ) v IEANEIHBERS RR 2, “€
=8 ) Y TEAMOBIR EHE”, ELLGEA, http://www.
mlit.go.jp/tec/monitoring.html, (ZiH2018-12-7).

E - BAINBORAR AT, AR O HERFE L - I
B2 LA BREE~NNVAEZY ) v TR ORMM A A F 54
v (%), 2011, p. 4-5.

Iz, IR D EARTFETE — T At 18 B TAPEE —,
F&%e & A, 1997, Vol.30, No.8, p.84-94.

[ AR R, Rk I o0 38T 12 B Y B FREHUE O
DiEfLizownT”, 2008, http://www.mlit.go.jp/report/
press/road01_hh_000026.html, (£#2018-12-7).
Dung, Cao Vu; Sasaki, Eiichi; Nishida, Hideshi; Hinoue,
Tomohiko. Novel Application of PVDF Sensors for
Vehicle Weight Identification in Reinforced Concrete
Deck Steel Bridges. Journal of Bridge Engineering.
ASCE. 2018.

bl RRE, VEHEE, BEAREE, fLAARFK—-, Ya-—v
TR, MEREZS )V THIHREEE 0 A
REDOBATE Y. LARZPLHETOMER AMFHHE 1441, 2015,
p.821-822.

Moses, F. Weigh-in-Motion System Using Instrumented
Bridges. Transportation Engineering Journal, Proceed-
ings of ASCE. 1979, Vol.105, No.TE3, p.233-249.
American Society for Testing and Materials. Standard
Specification for Highway Weigh-in-Motion (WIM) Sys-
tems with User Requirements and Test Method
(E1318-94).

COST323. Weigh-in-Motion of Road Vehicles Final
Report. Version3.0, August, 1999.

Sasaki, Eiichi; Tuttipongsawat, Porjan; Sinsamutpaduug,
Natdanai. Condition Evaluation of A Highway Bridge
with RC Deck using Monitoring Data Obtained by
Wireless Sensors. 1% International Conference on
CASTED2018.

Juang, J.-N., Pappa, R.S. An eigensystem realization
algorithm for modal parameter identification and
model reduction, Journal of Guidance, Control, and
Dynamics. 1985, Vol.8, No.5, p.620-627.

Farrar, C.R., James, G.H. System Identification from

ambient vibration measurements on a bridge. Journal
of Sound and Vibration. 1997, Vol.205, p.1-18.

17) PIHIEE, WM, Ml fr RpRe— “BEny

AT7LVARYFIZLBERE=F Y VTP AT LDEAF]
(v IsE)”, RSP TIMER i GT2 CS9-016.
2018.

PEEHBN

Vil ##&% Hideshi Nishida
Fray V= 7AVY a— av AR EH:
Bl 5

V) a—3 a v AT

M EAE T

e RS

=i f1%  Kazuo Takase

Foaay V=7V a— ay A&
HEEPIF AL

T TR

B RS T, MARGE, av V-1
Fi@sfas  R¥S, av ) — I
i (1), Befit: CREEEM)

W&l FLEF  Goro Hatayama
Foaay V= 7YY a— ary AL
Bttt

VY a—3 a v i

W L B B

it (BH2E)

4 K 4¢— Eiichi Sasaki

FEVZ KRR ANR R T ERY

BRI - S T

+OR - BB TR

HEH B2

WY RS T, MERFE R T, MR T
PrlEst s - RS

i (T99)

AAAGMORG A Z, FHEPHEL LT 25835 7,



ZPNS NI
b DO &L R BFA




OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

BIKRAEBDERAE T OIS EICOWNT

22U Badr - i R B0 s

Uv PAAL v F, FAR Vv R EETEEDOL CIE, A GRETHHINTED ., &% DBRETCOEFEZRGET 2

DIEIER EICE D NEPREIN TS, R, BAbClil T 2 &IcB WL, KRS ADIT R Efin iz G AR

m(ﬁm)wﬁ%t BIERROBIRERICEALLZET 2 2 L2k ), BERNICEORE L LTt 2 &, ks
JEE L THFRRICEN BN D 5,

ARFSCTIE, HADBED & I ITHIRERNNRAL, ZNHEORRE LTED X I ITHET 32 Dh &\ ) X8 % fif
WL, Eoic, B L HKOBRAIEHEE 7% T, BIEROEKEAZ FHITE S 2 L 2R L7, Hon
TR E BB o V2 T, HKENREZIER L. Bt HERN 7 o KA R TE 2 %0, KXeiE
TR EHEICRM T L TES,

Explication of saltwater intrusion behavior and the
evaluation method

Yosuke Tatsuno, Tomohiro Fukuhara and Shogo Nagasaka

Much of the electronic equipment such as relays, switches and FA sensors is used in the various environments,
and it is protected by seal to guarantee these movements. In particular, in applications where outdoor use, water
including salt (saltwater) such as seawater and human sweat is attached to the electronic equipment. By entering
the resin housing and dried, if it precipitated as salt crystals in the equipment, there is a risk that the conductors
is corroded and leading to malfunction.

In this paper, we elucidated entering behavior of saltwater into the resin housing and precipitation of the crystals.
Further, using penetration distance estimation method of the saltwater, it was confirmed that can predict the salt-
water intrusion of the sealing portion.

It’s possible to secure saltwater sealing properties by using obtained knowledge in the design stage and offer the
relieved safe electronic equipment which can achieve a longer life and reduction of life variations to a customer.
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Simulation technology to predict dynamic motion of
relay

Simulation technology for realizing high capacity of relay

Sumihisa Kondo, Yasuhiro Yokote and Hiroyuki Tanaka

It is very important for design to predict the dynamic motion of contact for realizing downsizing and high capac-
ity for a mechanical relay along with trend of downsizing of application devices and saving energy.

In order to predict the dynamic motion of contact, first, it is possible to obtain the displacement of the movable
part of the electromagnet for each time history in electromagnetic analysis, and then it will be achieved by coupling
the calculated time and displacement with the structure analysis of movable contact part.

As a result of considering the method of coupled analysis from electromagnet to contact motion and the analysis
accuracy with using two CAEs at this time, we established the method of verification by relative comparison of the
dynamic motion such as contact bounce and breaking velocity of electric contact. It will be possible to predict the
motion due to structural change before prototypeing, and realize the narrowing down of trial evaluation and short-
ening the lead time.

By deployment to the actual design in specific models and controlling the breaking velocity, we doubled the elec-
trical endurance for the products with high capacity of 1.5 times higher than the past.

KRR X B E 2 BAkR L. Wl a2 fafifz kAl %
LEERAE L BV, MLIEWE| S E N AT OBI{EA R
VL= &3S 5 BRI 2 ZTID . HAREO A O— 272820052 (BHEITERE) 2R L7k
VA TR AT TH L, A A= HLY L— RAXTH 3,
2B WTIINE» 6 Z T EAES 2 BRAOZ ML T DA H AN L—3BRNEDA 7 W
GRS A L | BER T X D BE i Bt 2 2 h = h v VS AR O BIE % £ 2z o BhErR 2 s BB
WCEIES S CERABEAD T v /7 2fTo T3, FERIC DWW B E) 3 L — DM EE 5 2 TEEBRIC
VE B BRI G & 2 N2 i) (DU N2 i) L DRDVLIEDHENT S, HlZIE, BRI AR
WA DR S (LLTFWEI ) D5 v 20 X ) BifEhsp £ TOREMN LT — FCh 2805 :. BRIZESRLA
DL WEHhso Btz bnl o 72K TR B IS & 2 1 v (=1E22) T BBROBNFALOKIIC X B3 v Z2EE)

&S TE A sumihisa.kondo@omron.com

(137137



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

k> TRIZBRTH 2, N7 v AR RN RCEB
ROFETHLZT7—IDFHEL, 7—7 DT FNLFIZL>
TR U 7232 A LA SERE A I B S 2 © & TS T 52,
E 7o, BIERHCIAS L BRI 2 5 S H3 5 721
DHEMAD Z & THEERERMIRTES, oL T
ERIIC I3 BRI BHEE ) SR CH 25, EIfEFoZEE L LT
BRI O R BERE MR E CFET S, LkoT, VL —
DRI S & NFATTDN T v ARGV TR, B
MRS OIS 72 258 T 7 b b BN B s
Th b,

Sl ERORERRICEL 52 28NEHTH 5.,
OBIEZEBIE OB N7 > A%, OEIRZEHIIF O 12 15 3
B EIZ O WT3D CAEIC L B3 2 2 L —3 a v Hiffi & i
VL7, FMEEL- S aL—yavEffiziHLTY
L—omEawltE EHRL 7,

Bl REIhENTER

2. BIRYEEERE

21 HKOFZOEE nhFCcoBNFEERETS
FHEE LTRIFFHS Ick 2 lEBE TN 2Y, ZoF
FICBWTIE, BEGAMHTCAEICX D, VL —DEAHS
ZEE T 2 WA OWRE| EFEH L, W Lo Ay
OEMAAER (LT#A) 0B aHAEELZ S S 2
L—yav itk WERLLZ, ZOFER, S LEAD
T 2B TEHTE 228, RR2IRTRENZ
VL —DRHEICBWTIE, S LR — P EEIEN S
IR X > THDMEH LTI &, BBt in
DB 2D b 2 & OB X D LB RDERIC
HWEIT 2 2 Lk, koT ALY L—0MiENZE) 2
T 21213, BREGHNTIC L 280 OBINEIE & R
FRNTIC X 2 32 s LB RS O BB 1 % AR S & 725 >
Sal—a v OMENHE L B,

138 (138)

E2 JL—DORRIIEE

22 TBHAORNCHERTOER BinaRfioza s
Sal—vavEERT -0, BROMENT & ST L
MK S 3 BRI 7 0 —2X3ITRT,

O BT

BROENTCAEIC T, aAf VEiEA v 7y bEL T,
CAE oW CRERA & BRI 2 3 2 B OB
R EIT L, TR 7y b E LT DI A
fMEEHT 2, 2O77 7y b EXOMEEITICE]
ST, BEEHOL I 2L —varET),

@ T
BROENTCRO BHEM D 77 b 7y MMEHR% I
MEEMDT =T NI LTA Y7y MEHRE L,
fEht CAE & O %21T 9 . BURIITIZERA 2L DO TR
Z[EINF R RENT 5 h — F ORMZEMEHRE LTS5
25 I LT, BRI OMEN B EZ 2> 2 2
L—>arvi3,

3 EHcACEEEROER7A—

2.3 ERRRITOEROEZHR HRURITIC B W TR EEE)
ZEHT 2 70 AR @RHT 5.
O \ERME

(1) REOBERL A VISTHN2ERIZEBT 5,

_7di, pi
Vy=LCt+Ri (1)

Vo: aANVEE L:aANA ¥ o080 R
it aAVER R: oA VHEHL ¢ IR



gl L/ NIEY

© SR

(1) XcHEH N af VBRI SHREEB %KD,

B TR T B | Fy 2 BT B
Fy= g [Bds 2)

Fy @ BWADOWENTT o+ B2ED B
B WEHREE s ¢ WA % W
® SRR EB T
(2) Rick vEH I NWKE T Fy %2 EE AR (3)
WAL, SR oA obiiAaZME 0 (KM42HH)
ZEMT 2, (3) RcHw 2 2w Mk 3, FEEmT
CAE |\ CTHHNIZKRD 5,
T:FMXA:JZ—;g +C, 20 1 kg (3)
T:8RIFHT 2L
JUEMEE—AV 0 S oRiRMEA R
A gAY & TR S T o
Co t WEER k@ NFRER
SO~@%MEDIELITH T LT 0 DIFFZN &2 E
@  T]EN 2 EE T
(3) R X DEMHR I NI & BfL R 0 Z BRI N2 D
SIS o ~25 1 LB AR (4) 2155,

2
Fy= Mfitf + OO ey (4)

Foronxfaf M:HEGoER R
(4) XoMH) Az 2 EITk D A — FEOZER;
) 6 RO BIEE 2 FH T %,

E4 skREHZAZENE

3. MER

VTR X ) IS S OEEBR IR L 5.2 281
258 Cd 2 EEREEIRF DR N v ARG LIRS EIR O
P2 PABEREE 12 D W TSI R 9K 7 v — % F o CRRNT
L7 A2 DU IcR T,

31 3D CAEETF NV [X5. K6IZ4 M DENTICHV
3D CAEE 7V A7, BEAEE T IVIZER Oy Z
e BT 20V, BRI T TV IdE R o
ENZEB O IV T Y 5, BRI, #ro
WENEBZEET I H—FE, A—FOXHZ2ZTTH

VU — R ER e TS 52 3 2 v —v 3 VIR

E5 EBHABETIV

(6 #EmEmEIEaET v

SEER AT 2 EI N BRESEA Y A7 95T
B - BERR. FEERER 2 AR 2 EEm . O]
o2 EFEE TR MR T 3 R— 2K WS L 5,

3.2 EpERFIES/NT U AMITHER T CIIEIEEE
DN ¥ ZRHHER IOV TIRE T 2, M7ICREMN
TN v 2T DI & BT 2 83, SEIEI I
)L —EfER O T RIEE A A > n A a—7Ic X hHlE L
Too ERRNCKTIORLBIRICE T 2 ) L —EifEROEZ
N U RZEE DN v AR E N v Ao W T D
FEME & FRFTIE O M 2 R $, 7D v 2P % ik
T2 BRI v ABIRIER DN AT E IR
TBTH 5 2 &% EWHORH RN ER I TWw 5,
FRENRT X I IR NY v AAE L R SEHIE &
Feig L T20~30% AN DREREFE & 72 > 72,

7  EhIERHE SN KT

(139139



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

R®1 NI REEE/NT RS

R RIS E =
AV VIS 2011 16]=] 20%
N7 AR 1.64ms 1.22ms 26%

Ricg212) L — DB REMB ORI LiAAE (DIT
Bz ru—ft) 228X e7 & Z0EERES Y v 2
1DV T OHEMIE & FENTIED /N v AR & RITHS 72 %
RY, FEMME, AT E bICEE 7 n—HKEL 2D
1FEFERANY AR O RE B2 MHANHEL L 9 126
NTWB I, F 7 FHEMEICN T 5 R IE O RS B 135205
7 0 —fEIcBlb 57T, 20~30% DFFEETLEL TV 5B Z
o, MxRHiiE LTl TcE 2L RVEEZ S,

R2 EST7AO—EEALICEDNY L XEFE

Em 74 0—1E

INT D ZREE

¥ (100%) X (150%)
FEH 1.34ms 1.64ms 2.13ms
fEHT 0.94ms 1.22ms 1.64ms
FEATRE L 72 30% 26% 23%

3.3 EREBUHESABERTERE RIIRREHROH)
TERATRS R D WS 2, 2 Ec >V Bk A 2
AN =PI 54 & — R 28H L 25 TfioTw» 3,

X[ 8 U3 £ IR O S 114 7 ] 2 sV L D IR FEIZE (V7 12 D v
THEM ERTHERE 77 7ML b DTH 5, it
2 tu—7 (MIBH) 21 LTRLTWS, EHIfEX
LA 2 7 O T — & fEFTIC & h kDT w3, FHE
LfENTIE OB AN R i T 2 & BT 2 5
A 2 v ot R B OBz R 3 5T & R C IR U IR
RN TE D, AR (KSBFAM OB E T
fill) DIFEME & AT IZFIIO% DIEEZ D 2 H DD,
B2 1 PR EE o A e R I I R R RE 2 L v ic b B
EEZ D, iR O ChIEEREEME N T 2 R
DY A IV TIIEAEED D D PR B O W Eh N 2 OfiRE)
E— FIZOoWTIIBER oM 5HofE s L& s,

E8 {BIFRFD BN A EE)

140 (140)

34 TEERRBHEHKREHOLE 403D CAEE
FIND &) B DR % B — F &N LTk oAb
PNRAAEE), BXENT 2 REE I B BT 2EE) L B )
IEEE) & 25 2k BMERT B0, BIRREOMTFER 7]
P2 E) & gk E) 2 X9l TR L 7=, & CCHEhEE
MZENL33HDMHTHE R Z TV, F gk 258133
FTH & Ot R % v 3 2 & T2 O RS o kTR
JE BG%LLT) ZMERLTw5, MOk WM LSO
MUY A SV IcEDH B L, B BMbR s & g
BIEDAEDI2. 15 H 2 T &7 £ & BENZE) & B 25873
HE) L T n I EDHERTE R, Ko CTEAMRIT & /%
TEFRNT ORI Z D K 9 RGBT L 72 5,

E9 RIFIFEOMBER LRSI OFEOREFHER

4. VL —OaREBRRARADER

TV = a RO/, B R ¥ —{ko L
VRIS, U L=k L CH MR S O mE RO
TS ERNHES> TS, TOZ—XICHIRT 27201
Y L— L&D A X, BT, WLLEDOEERD
BAEA% % —7 v b & L - ERW OGS FFE % FEhi L 72,

BEF) LV — 0 A RAMZHL 2256, FiceE
MIREEESRET B, 2, BRERIcEw T -2
FOVFIC & % BT IRA RS 2 CHERUAE IS § % 72
&, BEEOEIRE OB R % 5| & ;23T 1 Cl3 B R oshEE T
ER LI ENERTH D, Lo T, EARMDERIC
RGN LR EHRTHOREPLELE K 5,

5 & HDIT HOYCENDIT S F & LTI O £2 A
HEEICER L, MHEY L — 2 /RO REE 25 ¢ 2 S i
WEEZ IS ¢ 2 EOMA %2 Z O H2EE Y S 2L —
va vEiEHOWTERL 2,

41 ESEHEARE JHETRRZ XY L—0F)
FEIEERINICIE AN 2 AR E WG DN 5 v Ik D IES
%, =N, Vb—ag o= as v Eiliglicy
A F — Fos Sz IR Ic By Tlid, EREsaEic o 4
IVETRDNEIL L T\ < 72 82 s BHBEIR C BURIR T 5 | ) H3 7
1T 5, ZDHd, BIIICIE SR & 107D
WAL EE A BHFE 25, T E XD, BEribaiEdsE



gl L/ NIEY

Bt D&t % . OnEEE R & EE R L 72 %o
NRARN (UM AL KIS 2 KECT5, @
IR O I Z /NS T2, D208 THETL 72,
%E. SROWEICE W TIZERA MG - MEE L
IV L— LU & L, BEREmBERGT o A D2 IC
X BRI oRELE HINE LCELL TWw3,
O BEARAfTERELSTS
WEP S 2B L OREEMm IR (AT SR JBIR) 13280
FPNZAMICEE D2 Z2 DM T XA —FtinEHT
L7 E N TR BT L AN 2 DN R ER R K E
KT 2HEBEZoNS,
@ R NENSLC TS
IR DG I B B O EE R 5 2 LOHIS
NTw3, $hbbBADESHT I A 2 v 7 BEL
BBHEZFDYALIVIICET B AL VERVPEART 5
7 OEROWEI NS KELS 2%, DT EDL, &
BN AT NS T B 2L THIFRRE 2N E <
THIENTES,
FiQE@QUEMHKT 25METh 2 2 L5, SHIZER
NERAM ENFIRERID Y =2 L, RBEHHRA
F AR ONFIREH O AR IIC RGO TS
EIEEEPSE =Y S B

®3 ELFEBEREG

BR/NRER

K (100~150%) cRFGR—F A -

RIA—IEHB | SREHNA
A GOI00%) S5 mmic | sREEUND

42 MBITRER R3O — I IO B
e L & §k R BE D BT %2 4T - i R 2 K101 §,
ZITE, BEAEY L — DRNTHERE 2 100% & L 72k DA%
fETHREREZR LTS, MIOICB\WT, NI A—FEHA
D & ) ITEERBARBEEE & #k R B IHEEE DS H U in ¢ & LT
250bHIUE, NREHNBD L) IHADWICE D D
DY H Y BESPIHEEEE & Bk R O A R R £ 1o

10 IR EEHEMER

VU — R ER e TS 52 3 2 v —v 3 VIR

BLTwRwnI LRI, ERERAARATORN
& B R BAEEEE OIS HBED W 2 & bR T E 2,
4.3 FEHEFE XI0DMHTHT T & B2 i BRI
OB IR BRI IR D B 2085 X — F 250 A L N2 EHL
IINA DRI D FA I D W TRRIER 12 & 2 BRI AESE
fili % SEME U 720 X111 BEARIATR AAPE R A AL . 2 et BRI
FED FEME & FEATAE, S VBRI A2 sk 55 oD gy 2 JE34E )
L —IR g 2 HHE TR T, 22 THAEY L — L I3
L—DRENYEEMTH B, K11 X b E APl L ER
P APE DRI IZIE—E L . B2 BBER T DT iE <Y
20585 A — ¥ ZEHAITE W TIE, BHRAFR GRS b 2
fif& e ot, FRERBHRBERE O FEHIME & BHTIE D 121F—
BLTws, —J5, SR EREE & BRI A Ot X
HFLL LT, TORE XD, 2REEN 2 H v
7o B BHEER E O RTINS X B EREGE DB RIEDR X
"z,

E11 SRHAMHEGERCERRBRE R U SkA ERRE

AA=Z AN L—oEmERl=—XIET 51k, )
TR R IR R D B2 BB 2 345132 2 L SEETH B,
FERNFERA D 2 F Vo 72 TGRS X 2 3 oS T it T e
23, BMEICR 22T 5, FEti S8 — v DfilF b K E W,
B OREIC L 215 2ENHEPT v, 42 EDED
Hote, EMERDT I 2L —y a VEMITIRERAGE &
[ AR S L 72 WS I B W Tl CAE 221 °F%
MRS 2 2 L3k o7,

Slnl, HEOBEREEICE W TEHEL AT A - TH S
BRSO IR S BB E DS S 2 L —
va vEMT R 5 2 Lo, BERNICREGEZE IS X 2 8)
TEREZELDOFHZTREE Lz, ZHUIBETHMEDR D A
AR L/ THMEICO D5,

kv iav—vaviaaRtiEn T —<IERL %
LT A, BAONE - HEENELE TS5 L <M
Far s RI26s & 7 2 St 2 SAERTIC B3 2 & SR
7o, PERMBIIRHE T FIC X D BERE 51 S HDST )RR X
EEEVLHHOBHEINAEHN LI 2R LTS,

(141 141



OMRON TECHNICS Vol.51 No.1 (¥ 162 %) 2019

2 B5%IZ5 BlOBR THBUWEDS R+ TH - 7 H ki
T AR D SR 22 AV D RS EE ) I & S (2 BB AU T A P REA T % D
BT & X D EBEO B CERiOMEE 5| i &
fToTw{,

SEXER

1) —MRALEEAN AR SRS T, TR o JEpE
HIEE (fvaJs - BOT) U L —f 3% ”. NECA. https://
www.neca.or.jp/wp-content/uploads/CU_Ry_2%20Sou_
1803.pdf, (£ 2019-1-25).

—ARFEEE AN HARE SR I e T3 2, AR O RS RIE
Y L —ihi. 2018.

2) WAM. BRELNOT— 7 REBESR an ik, 1995,
p.79-81, p.99-102,

3) HAHE—-, W, VL —EaRlE FEELT 2 B2EE)
Y2 a2l —¥ a3 v, OMRON TECHNICS. 2018,
Vol.50, No.1, p.68-73.

PEEBN

g #fiA Sumihisa Kondo
Faur)L—7 v P ARA St
L7 7)) LGS

BT B A

g sfe - AR

BT W Yasuhiro Yokote
FARYYL—T Y FFNA AR
WH7 7)) LEkEHs

o N Vi

Hirh {82 Hiroyuki Tanaka
Frur) =7 P AR A&tk
MWH7 709 LEEERTE

T AR L

ARHBROF A IS, SR EL TR 2500860 £,

142 (142)




7 v — ARG MERECE T B S EE o BEE M

70—RBAEMIRBRELICEITZRAS S EROERE

ey HZ - HF Bz - BB #

PCPAT—F 74 vl womE 2 I ok, FABRO A7 —2L 7 br= 7 285 L v o 2 KBRS
TS BT O /NEEA, 7Y v MBI O L SRR R S BN & o TR D BE B AL T 5, KRBT O
FAZMTICE, MEEEOE 7 v — AR TENHG SRS 2 L350, KL HRmomaEEtick D,
T2 INEDHERC 2 D o0 b 25, ENDEAFRMITIETE S 70— TROFEHRICIE, 7 —HEEH0EHL LD
M _ESAEL L 72 208, B CREBRZ RO S 0 A e W O A FEEE 13, HEE O BEEE A R L CEET 2 00
L, 22T, BMGOBE» S, 70— LREOIFALZMTWEICE > TRDERT, 2ORLELH L LTWIHERET
HHIFAEERZID LT, BWRIFROZENC X 2 1ZAZMTREDZ(LZ F— 712Xk > TOURT Z STl #A 7,
WAL IR IZ ARG TR BRI 2 2 L 3L Wic o, Y 2GRN TEETE 2008 ) ld, BHET 2 Bfis
DAXNMAKET 2, AFTld, ERIPRZRET OO EOTH 2EHE S & TR E X ORI EIE & OBIfR
MHERT LT, BALRMNITWEZLENIE 5D OENE IEHMOREREEEZW ST 2 L & bic, HARRINR
WORIE LT L Z2oicid, X DMl Vg SEEPNELE 55 2 2R LTk,

Importance of Wave Height Control in Wave
Soldering

Akihiro Hirosaki, Toshiyuki Tamura and Yuji Ueno

Not only high-function electronic products such as PCs and smartphones but also the products such as FA equip-
ment and power electronics products have being downsized. The heat capacity of the printed wiring board (PWB)
is increasing due to multi-layering of the PWB and increase in its thickness. Wave soldering with high heating per-
formance is often used for soldering large components, but sufficient heating is becoming difficult due to high heat
capacity of boards and components. In order to realize the wave soldering process that can cope with the increase
in the heat capacity of the board, it is necessary to improve the solder wave control. However, it is difficult for
young production engineers to understand the importance of the wave control because they have few opportunities
to gain experience in the production line. Therefore, from the viewpoint of heat supply, we focused on solder wave
and evaluated the change in soldering state due to fluctuation of the solder wave shape. Stabilizing the wave shape
depends on the skill of the engineers. In this paper, we clarify the importance of wave height control to stabilize
soldering quality by showing the relationship between the wave height, which is one of typical values of the wave
shape, and the temperature of board and component terminal. We also clarify the necessity of wave control and
show that finer control is needed to cope with high heat capacity boards.
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High aspect ratio solder printing technology
enabling mixed mounting from 0402 components
to large components

Koji Yamaguchi

The size of passive components mounted on the boards composing the product has been increased from the

conventional 1608 (1.6x0.8mm) and 1005 (1.0 x 0.5 mm) to 0603 (0.6 x 0.3 mm) and 0402 (0.4 x 0.2 mm) are
becoming mainstream.
Though these parts have been used in the past in many smartphones, it is expected that many parts will be used
even in FA equipment such as sensors and controllers in the future. In order to use these parts with FA
equipment, it is essential to be mixed with large components. In mounting various components dimensions, it is
required to accurately supply solder which electrically connects the components and the board pattern from the
one required for large components to a small amount such as 0402 on the board. In order to accurately supply
this solder by the printing method, the characteristics required for solder paste and the influence of a printing
stencil were evaluated. In order to perform this solder supply accurately by the printing method, the
characteristics of the solder paste to be used and the influence of the printing stencil are evaluated, and the
aspect ratio of 2.4 (stencil thickness 0.12 mm, aperture dimension ® 0.2 mm), the printing conditions and tasks
were determined.
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Software Product Lines in the Omron Group

Shintaro Harada, Toru Niwa, Yasuyuki Akamatsu, Masahisa Taguchi

Software is becoming larger and more complex mainly due to higher functionality of the product, software
implementation of functions what used to be realized by hardware. As a result, increasing development and
quality costs, frequent schedule overruns of software are becoming a business issue.

To resolve this issue, we focused on Software Product Lines technology, which is one of commonalization, reuse
technology. We developed technology for effective deployment, and trained expert human resources to lead the
development. As a result, we deployed the technology to eight product groups in five years with each achieving
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Forecasting call arrivals at call center using dynamic
linear model

Kiwamu Yamamoto and Goro Hatayama

Many companies have call centers to answer telephone calls from their customers. Call centers’ two major indi-
ces, service quality and running costs, have a trade-off relation; improving service quality needs additional opera-
tors, who require additional costs. To optimize the number of operators under the restriction of this trade-off,
forecasting future call arrival volumes plays important role and accurate forecasting model is needed. Such model
has to be capable of handling gradual fluctuations and effects of the special days (holidays, special events, etc.),
and can be improved by utilizing knowledge of staffs. Dynamic Linear Model is a model with such capability. In
addition, we can forecast the probability density of the call arrival volumes with this model, which can be utilized
in determining the optimal number of operators.

In this paper, we propose a forecasting method using dynamic linear model, and also apply this model to a real
data of a call center to show that we can make appropriate forecast of the future call arrival volumes over 2
months and thereby can reduce over-arrangement of operators by 39.3%.
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The Ping Pong Robot to Return a Ball Precisely
~ Trajectory Prediction and Racket Control for
Spinning Balls ~

Kyohei Asai, Masamune Nakayama, Satoshi Yase

We are developing a ping-pong robot “FORPHEUS” that can play table tennis with humans representing the
harmony between humans and machines.

In order to accurately return the ping-pong ball, the robot must perform the following tasks: predicting the
trajectory of the ball before and after hitting the racket and determining the movement of the racket (velocity and
direction to return the ball).

The spin of the ball must be taken into account in those tasks because it has a major impact on the ball
trajectory and the racket movement. However, we could not consider the effect of the ball spin because a standard
industrial camera (80 fps) which doesn't have sufficient flame rate is being used.

Therefore, we propose a new method to estimate the rotational velocity of the ball with a standard flame rate
camera and how to improve the accuracy of the return point. For the sake of the proposed method, the ping-pong
robot can return 36.5 cm more accurately than the conventional one. As a result, human-machine harmony
increases, especially for ping-pong beginners.
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The thermal effect compensation technology for
highly integrated sensor modules

Yuhei Motoki, Naotsugu Ueda and Kayo Mitoma

In recent years, “loT (Internet of Things) ”, in which all “things” are connected by a network, has attracted
attention. In IoT, advanced sensing devices that can process and transmit sensing data are being expected in order
to create new services by sensing various states and analyzing acquired data.

They are required to be able to output accurate information without being affected by disturbances regardless of
the installation environment. However, the realization was not easy due to thermal effect from highly integrated
embedded devices, and external equipment at the installation locations.

We have developed the world smallest [oT sensor that is not affected by the thermal effect from either internal
or external heat source by correcting unwanted disturbances utilizing thermal effect compensation technology from
the heat flux detected by two built-in temperature sensors.
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Modeling of sub-GHz wave propagation in fac-
tories for reliable wireless communication
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IEEE Conference Proceedings, 20184, IEEE,
Vol.2018, No.ICIT, p.1598-1603, %3¢

This study presents a sub-GHz band propagation-loss model for a
region where the error rate is lower than that observed in previous stud-
ies to realize, with high reliability, a wireless control communication
system between the equipment in a factory. In particular, we show that
the time-varying propagation loss in the line-of-sight channel in the elec-
trical device factories could be approximated using the Rician distribution
and determine the minimum values of the K-factors. Furthermore, we
suggest the possibility of estimating the fall of propagation loss, which
occurs rarely, via extrapolation using fewer samples.

Copyright 2018 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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IEEE Conference Proceedings. 20184E, IEEE,
Vol.2018, No.IPEC Niigata 2018 -ECCE Asia,
p.118-122, #3¢

In recent years, the LLC resonant converter with a center-tapped trans-
former has been widely used due to its high power density and high
efficiency features in the Factory Automation which requires the low
output voltage and high output current. However, the imbalanced second-
ary current for each half cycle occurs, and it cause a problem of reliabil-
ity degradation associated with the high current. In this paper, the
mechanism of imbalanced current is investigated focusing on the effects
of coupling coefficient of the center-tapped transformer. This mechanism
has been confirmed by experiments.

Copyright 2018 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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Practical Design Technique for High Power
Density LLC Resonant Converter
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IEEE Conference Proceedings, 20184, IEEE,
Vol.2018, No.IPEC Niigata 2018 -ECCE Asia,
p-4139-4144, 33

The LLC resonant converter is widely used for consumer and industrial
applications due to its high efficiency, small size and low noise. In a
practical design, a trade-off is needed between the input voltage operation
range and the transformer size for miniaturization. The transformer size
is determined at the minimum input voltage with full load. It is very
important to have an accurate design technique so that the transformer
does not have any unnecessary size margin. In this paper, inductance (L)
-matrix transformer model-based design is introduced and compared with
the conventional transformer model such as T-type and L-type. A 200
kHz, 240W LLC resonant converter is implemented and verified that the
inductance (L)-matrix method is accurate, and it can contribute to min-
laturization.

Copyright 2018 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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