ISSN 1726-3479

SENSORS 7

TRANSDUCERS

International Frequency Sensor Association Publishing ﬁﬁ



AR

‘_’,

Sensors & Transducers

Volume 94
Issue 7
July 2008

Www.sensorsportal.com

ISSN 1726-5479

Editor-in-Chief: professor Sergey Y. Yurish, phone: +34 696067716, fax: +34 93 4011989,
e-mail: editor@sensorsportal.com

Editors for Western Europe
Meijer, Gerard C.M., Delft University of Technology, The Netherlands
Ferrari, Vittorio, Universita di Brescia, Italy

Editors for North America

Datskos, Panos G., Oak Ridge National Laboratory, USA
Fabien, J. Josse, Marquette University, USA

Katz, Evgeny, Clarkson University, USA

Editor South America
Costa-Felix, Rodrigo, Inmetro, Brazil

Editor for Eastern Europe
Sachenko, Anatoly, Ternopil State Economic University, Ukraine

Editor for Asia
Ohyama, Shinji, Tokyo Institute of Technology, Japan

Editorial Advisory Board

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia

Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia

Annamalai, Karthigeyan, National Institute of Advanced Industrial Science
and Technology, Japan

Arcega, Francisco, University of Zaragoza, Spain

Arguel, Philippe, CNRS, France

Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea

Arndt, Michael, Robert Bosch GmbH, Germany

Ascoli, Giorgio, George Mason University, USA

Atalay, Selcuk, Inonu University, Turkey

Atghiaee, Ahmad, University of Tehran, Iran

Augutis, Vygantas, Kaunas University of Technology, Lithuania

Avachit, Patil Lalchand, North Maharashtra University, India

Ayesh, Aladdin, De Montfort University, UK

Bahreyni, Behraad, University of Manitoba, Canada

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, RF Arrays Systems, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

Chakravorty, Dipankar, Association for the Cultivation of Science, India

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan

Chiriac, Horia, National Institute of Research and Development, Romania

Chowdhuri, Arijit, University of Delhi, India

Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan

Corres, Jesus, Universidad Publica de Navarra, Spain

Cortes, Camilo A., Universidad Nacional de Colombia, Colombia

Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, Universita di Tor Vergata, Italy

De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy

Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dimitropoulos, Panos, University of Thessaly, Greece

Ding Jian, Ning, Jiangsu University, China

Djordjevich, Alexandar, City University of Hong Kong, Hong Kong

Ko, Sang Choon, Electronics and Telecommunications Research Institute,

Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina

Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, University of Ulm and KTB Mechatronics GmbH,
Germany

Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey

Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and
Microsystems, Italy

Francis, Laurent, University Catholique de Louvain, Belgium

Fu, Weiling, South-Western Hospital, Chongging, China

Gaura, Elena, Coventry University, UK

Geng, Yanfeng, China University of Petroleum, China

Gole, James, Georgia Institute of Technology, USA

Gong, Hao, National University of Singapore, Singapore

Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain

Granel, Annette, Goteborg University, Sweden

Graff, Mason, The University of Texas at Arlington, USA

Guan, Shan, Eastman Kodak, USA

Guillet, Bruno, University of Caen, France

Guo, Zhen, New Jersey Institute of Technology, USA

Gupta, Narendra Kumar, Napier University, UK

Hadjiloucas, Sillas, The University of Reading, UK

Hashsham, Syed, Michigan State University, USA

Hernandez, Alvaro, University of Alcala, Spain

Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain

Homentcovschi, Dorel, SUNY Binghamton, USA

Horstman, Tom, U.S. Automation Group, LLC, USA

Hsiai, Tzung (John), University of Southern California, USA

Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan

Huang, Star, National Tsing Hua University, Taiwan

Huang, Wei, PSG Design Center, USA

Hui, David, University of New Orleans, USA

Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France

Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain

James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia

Kang, Moonho, Sunmoon University, Korea South

Kaniusas, Eugenijus, Vienna University of Technology, Austria

Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria

Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Koh Young Technology, Inc., Korea South



Korea South

Kockar, Hakan, Balikesir University, Turkey

Kotulska, Malgorzata, Wroclaw University of Technology, Poland

Kratz, Henrik, Uppsala University, Sweden

Kumar, Arun, University of South Florida, USA

Kumar, Subodh, National Physical Laboratory, India

Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan

Lacnjevac, Caslav, University of Belgrade, Serbia

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

Lee, Jun Su, Amkor Technology, Inc. South Korea

Lei, Hua, National Starch and Chemical Company, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, Xian-Fang, Central South University, China

Liang, Yuanchang, University of Washington, USA

Liawruangrath, Saisunee, Chiang Mai University, Thailand

Liew, Kim Meow, City University of Hong Kong, Hong Kong

Lin, Hermann, National Kaohsiung University, Taiwan

Lin, Paul, Cleveland State University, USA

Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland

Liu, Aihua, University of Oklahoma, USA

Liu Changgeng, Louisiana State University, USA

Liu, Cheng-Hsien, National Tsing Hua University, Taiwan

Liu, Songqin, Southeast University, China

Lodeiro, Carlos, Universidade NOVA de Lisboa, Portugal

Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain

Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland

Ma, Zhanfang, Northeast Normal University, China

Majstorovic, Vidosav, University of Belgrade, Serbia

Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados,

Mexico

Matay, Ladislav, Slovak Academy of Sciences, Slovakia

Mathur, Prafull, National Physical Laboratory, India

Maurya, D.K., Institute of Materials Research and Engineering, Singapore

Mekid, Samir, University of Manchester, UK

Melnyk, lvan, Photon Control Inc., Canada

Mendes, Paulo, University of Minho, Portugal

Mennell, Julie, Northumbria University, UK

Mi, Bin, Boston Scientific Corporation, USA

Minas, Graca, University of Minho, Portugal

Moghavvemi, Mahmoud, University of Malaya, Malaysia

Mohammadi, Mohammad-Reza, University of Cambridge, UK

Molina Flores, Esteban, Benemérita Universidad Auténoma de Puebla,
Mexico

Moradi, Majid, University of Kerman, Iran

Morello, Rosario, DIMET, University "Mediterranea" of Reggio Calabria,
Italy

Mounir, Ben Ali, University of Sousse, Tunisia

Mukhopadhyay, Subhas, Massey University, New Zealand

Neelamegam, Periasamy, Sastra Deemed University, India

Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria

Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucin, University of Guelma, Algeria

Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India

Pan, Jisheng, Institute of Materials Research & Engineering, Singapore

Park, Joon-Shik, Korea Electronics Technology Institute, Korea South

Penza, Michele, ENEA C.R., Italy

Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal

Petsev, Dimiter, University of New Mexico, USA

Pogacnik, Lea, University of Ljubljana, Slovenia

Post, Michael, National Research Council, Canada

Prance, Robert, University of Sussex, UK

Prasad, Ambika, Gulbarga University, India

Prateepasen, Asa, Kingmoungut's University of Technology, Thailand

Pullini, Daniele, Centro Ricerche FIAT, Italy

Pumera, Martin, National Institute for Materials Science, Japan

Radhakrishnan, S. National Chemical Laboratory, Pune, India

Rajanna, K., Indian Institute of Science, India

Ramadan, Qasem, Institute of Microelectronics, Singapore

Rao, Basuthkar, Tata Inst. of Fundamental Research, India

Raoof, Kosai, Joseph Fourier University of Grenoble, France

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Robert, Michel, University Henri Poincare, France

Rezazadeh, Ghader, Urmia University, Iran

Royo, Santiago, Universitat Politecnica de Catalunya, Spain

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA

Sadeghian Marnani, Hamed, TU Delft, The Netherlands

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA). Available in

Sandacci, Serghei, Sensor Technology Ltd., UK

Sapozhnikova, Ksenia, D.l.Mendeleyev Institute for Metrology, Russia

Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India

Schneider, John K., Ultra-Scan Corporation, USA

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Sengupta, Deepak, Advance Bio-Photonics, India

Shearwood, Christopher, Nanyang Technological University, Singapore

Shin, Kyuho, Samsung Advanced Institute of Technology, Korea

Shmaliy, Yuriy, Kharkiv National University of Radio Electronics,
Ukraine

Silva Girao, Pedro, Technical University of Lisbon, Portugal

Singh, V. R., National Physical Laboratory, India

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

Somani, Prakash R., Centre for Materials for Electronics Technol., India

Srinivas, Talabattula, Indian Institute of Science, Bangalore, India

Srivastava, Arvind K., Northwestern University, USA

Stefan-van Staden, Raluca-loana, University of Pretoria, South Africa

Sumriddetchka, Sarun, National Electronics and Computer Technology
Center, Thailand

Sun, Chengliang, Polytechnic University, Hong-Kong

Sun, Dongming, Jilin University, China

Sun, Junhua, Beijing University of Aeronautics and Astronautics, China

Sun, Zhigiang, Central South University, China

Suri, C. Raman, Institute of Microbial Technology, India

Sysoev, Victor, Saratov State Technical University, Russia

Szewczyk, Roman, Industrial Research Institute for Automation and
Measurement, Poland

Tan, Ooi Kiang, Nanyang Technological University, Singapore,

Tang, Dianping, Southwest University, China

Tang, Jaw-Luen, National Chung Cheng University, Taiwan

Teker, Kasif, Frostburg State University, USA

Thumbavanam Pad, Kartik, Carnegie Mellon University, USA

Tian, Gui Yun, University of Newcastle, UK

Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece

Tsigara, Anna, National Hellenic Research Foundation, Greece

Twomey, Karen, University College Cork, Ireland

Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal

Vaseashta, Ashok, Marshall University, USA

Vazques, Carmen, Carlos Il University in Madrid, Spain

Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal

Vigna, Benedetto, STMicroelectronics, Italy

Vrba, Radimir, Brno University of Technology, Czech Republic

Wandelt, Barbara, Technical University of Lodz, Poland

Wang, Jiangping, Xi'an Shiyou University, China

Wang, Kedong, Beihang University, China

Wang, Liang, Advanced Micro Devices, USA

Wang, Mi, University of Leeds, UK

Wang, Shinn-Fwu, Ching Yun University, Taiwan

Wang, Wei-Chih, University of Washington, USA

Wang, Wensheng, University of Pennsylvania, USA

Watson, Steven, Center for NanoSpace Technologies Inc., USA

Weiping, Yan, Dalian University of Technology, China

Wells, Stephen, Southern Company Services, USA

Wolkenberg, Andrzej, Institute of Electron Technology, Poland

Woods, R. Clive, Louisiana State University, USA

Wu, DerHo, National Pingtung University of Science and Technology,
Taiwan

Wu, Zhaoyang, Hunan University, China

Xiu Tao, Ge, Chuzhou University, China

Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong

Xu, Tao, University of California, Irvine, USA

Yang, Dongfang, National Research Council, Canada

Yang, Wugiang, The University of Manchester, UK

Ymeti, Aurel, University of Twente, Netherland

Yong Zhao, Northeastern University, China

Yu, Haihu, Wuhan University of Technology, China

Yuan, Yong, Massey University, New Zealand

Yufera Garcia, Alberto, Seville University, Spain

Zagnoni, Michele, University of Southampton, UK

Zeni, Luigi, Second University of Naples, Italy

Zhong, Haoxiang, Henan Normal University, China

Zhang, Minglong, Shanghai University, China

Zhang, Qintao, University of California at Berkeley, USA

Zhang, Weiping, Shanghai Jiao Tong University, China

Zhang, Wenming, Shanghai Jiao Tong University, China

Zhou, Zhi-Gang, Tsinghua University, China

Zorzano, Luis, Universidad de La Rioja, Spain

Zourob, Mohammed, University of Cambridge, UK

electronic and CD-ROM. Copyright © 2007 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

‘-—-’ f
Volume 94 Www_sensorsporta| .com ISSN 1726-5479
Issue 7
July 2008
Research Articles
Self-Adaptive Smart Sensors and Sensor Systems
SEIGEY Y. YUFISI Lottt e e oo et e b et e e e e e e e s anb bt e e e e e e e e e e anbbaaeaaaeeeaaaane 1

Information Extraction from Large-scale WSNs: Approaches and Research Issues - Part I:
Overview and Agent Based Approaches
Elena Gaura, TeSSA DANIE! .......ccooiiiiiiiiiiiee ettt et st re e e 15

Information Extraction from Large-scale WSNs: Approaches and Research Issues - Part Il
Query-based and Macroprogramming Approaches
Tessa DanI€l, EIBNA GAUIA .......oeeeiiieeiie et e e e e e e e e et e e e e e e e e sabb e e e e e e e e eeesnaaanss 34

Information Extraction from Large-scale WSNs: Approaches and Research Issues - Part IlI:
Towards a Hybrid Approach
Tessa Daniel, EIENA GAUIE .......oouvuiiiiiiiiee ettt e st et e s st e e sabn e s snnee s 57

Wireless Sensing Opportunities for Aerospace Applications
William WIISON, Gary AtKINSON.......ccciiiieeie et e e e st e e e e e e e st e e e e e e e s s s ntbraeeeeeeeessnnnrnteaeeeeaans 83

A Survey of Sensor Network Security
A. Vaseashta and S. Vas@ashtal............ueeiiiiiiiiiiiir e e e e e e 91

Wearable Battery-free Wireless 2-Channel EEG Systems Powered by Energy Scavengers
Mieke Van Bavel, Vladimir Leonov, Refet Firat Yazicioglu, Tom Torfs, Chris Van Hoof,
Niels E. Posthuma and RUUd J. M. VUIIEIS ..ot 103

C-PFM Multiplexed Interrogation Technique for FBG Sensors with Time-Windowing
Reduced Crosstalk
L. Rossi, G. Breglio, A. Cusano, A. Irace, V. Pascazio and A. CUtolO ..........ccccccovvviiiieeee e, 116

Multiple Traffic Control Using Wireless Sensor and Density Measuring Camera
Amrita Rai and Govind SiNgh Patel. .........cooeoiiiiiii e 126

Gas Detection Using Embedded Piezoresistive Microcantilever Sensors in a Wireless
Network

Timothy L. Porter, William Delinger and Rick Venedam ... 133
Utilization of Novel Overlap Functions in Wireless Sensor Fusion

G. Rama Murthy and Padmalaya NaYaK.............ccocciiiiiiieeei it e st e e e e e s st re e e e e e e s e snnaneeees 139
Intelligent Sensing in Inverter-fed Induction Motors: Wavelet-based Symbolic Dynamic

Analysis

RONAN SAMSI, ASOK RAY ... iceeieiiiiie e e e e s r e e e e e s e st e e e e e e e e s asnnaeeeeeaeeeansrraneeees 150

New Solid State Sensor for Detection of Humidity, Based on Ni, Co, and Mn Oxide Nano
Composite Doped with Lithium
A. Kazemzadeh, F. A. Hessary and N. Jafari..........coiiii e 161



Repulsive-Magnets-Type Acceleration Limit Switch
Kazuhiro Nishimura and MIitSULEIU INOUE ..........iiiiiiieiiee et e e e e e e s e e e a e e e e e e e

Multifield Analysis of a Piezoelectrically Actuated Valveless Micropump
Asim Nisar, Nitin Afzulpurkar, Banchong Mahaisavariya, Adisorn Tuantranont ..............ccccccveeveeeenn.

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm

International Frequency Sensor Association (IFSA).



Sensors & Transducers Journal, Vol. 94, Issue 7, July 2008, pp. 170-175

W w4 Sensors & Transducers

e ISSN 1726-5479
www.sensorsportal.com © 2008 by IFSA
http://www.sensorsportal.com

Repulsive-Magnets-Type Acceleration Limit Switch

“Kazuhiro Nishimura and ~Mitsuteru Inoue
*Department of Electrical and Electronic Engineering, Suzuka National College of Technology,
Shiroko-cho, Suzuka, 510-029 Mie, Japan
Tel. & fax: +81-59-368-1862, E-mail: kazuhiro@elec.suzuka-ct.ac.jp
**Department of Electrical and Electronic Engineering, Toyohashi University of Technology,
1-1 Hibarigaoka, Tenpaku, Toyohashi, 441-8580 Aichi, Japan
Tel. & fax: +81-532-47-0120, E-mail: inoue_mitsuteru@eee.tut.ac.jp

Received: 5 June 2008 /Accepted: 21 July 2008 /Published: 31 July 2008

Abstract: We have developed a repulsive-magnets-type vibration limit switch. This limit switch
employs the magnetic switching phenomenon of a mechanical structure by effecting a change in the
magnetization of the magnetic material between repulsive magnets in the structure. The plot of
switching acceleration vs. frequency shows a resonance frequency that is close to the frequency range of
human motion. The resonance frequency and magnitude of switching acceleration are controlled by the
components of the limit switch. Copyright © 2008 IFSA.

Keywords: Repulsive magnets, Accelerometer, Acceleration limit switch, Magnetic switching
phenomenon

1. Introduction

Many types of accelerometers have been developed [1]. An induction-type accelerometer enables a
person to drive without a battery [2]. These accelerometers are expressed by a vibration equation that
comprises a spring constant and damping constant. These accelerometers have a resonance frequency
which is sensitive. By using this resonance frequency, the accelerometer enables to detect only specific
frequency.

This paper introduces the magnetic switching phenomenon of a mechanical structure and its application
as a novel acceleration limit switch. The structure consists of a fixed magnet, a moving magnet, and a
fixed part of a soft magnetic material/magnet (Fig. 1). The moving magnet is made to move between the
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fixed magnet and the fixed part by adjusting the shape of the soft magnetic material (left side of Fig. 1).
The moving magnet is made to vibrate by using a shaker; it is made to connect with the fixed part by
changing the magnetized state of the magnetic material when the shaker gives vibration acceleration
greater than a certain value (right side of Fig. 1). By using a conductive tape, the mechanical structure
can also be used as an electric acceleration switch (Fig. 1). This acceleration limit switch has the
advantages of auto-detection and simple structure and does not require a battery. It is available as a
mobile acceleration monitor.

OFF ON
'70/0—' —O0 T O0—
Nf.. N
-------- Fixed magnet
S | S

S |Movin t
________ g magne
N Conducti S
iFg lao'gr uctive N
S[ ! | Y . g(\ I RS
NN T Insulating S
. /3 layer NN .
- ' S I™-Magnetic S “
‘ N material N
S R“‘Magnet S

Fig. 1. Schematic view of repulsive-magnets-type acceleration limit switch.

This paper aims to provide a correlation diagram for the components of the limit switch by investigating
it experimentally.

2. Experimental Details

Fig. 2 shows schematic views of three limit switches. First, we investigate the effect of the length of the
magnetic material between the repulsive magnets on the resonance frequency and magnitude of
switching acceleration by using model 1 in Fig. 2 (a). The magnetic material is an iron column with a
diameter of 3.2 mm. The length liron assumes values of 1.58, 3.28, and 6.39 mm. An NdFeB magnet
with a diameter and length of 3 mm and 1.5 mm, respectively, is used. The moving magnet consists of 8
magnets and its total length is 12 mm. Both the fixed magnets consist of one magnet. These magnetic
materials are positioned in a plastic pipe with an internal diameter of 3.6 mm, an external diameter of
4.2 mm, and a length of 50 mm. Second, we investigate the effect of the distance between the repulsive
magnets on the resonance frequency and magnitude of switching acceleration by using model 2 in Fig. 2
(b). The distance d between both the fixed magnets is either 47 or 37 mm. The magnetic material is a
steel ball with a diameter of 3.5 mm. The magnets and plastic pipe are similar to those in model 1.
Finally, we investigate the influence of several magnets on the abovementioned two parameters and the
strength of the magnetic field by using model 3 in Fig. 2 (c). SmCo magnets with a diameter and length
of 6 mm and 5 mm were used. The moving magnet consists of 7, 5, and 3 magnets. The total length | mm
is 35, 25, and 15 mm, respectively. There is only one fixed magnet on the lower side. The fixed magnets
corresponding to the abovementioned three moving magnets consist of 1, 2, and 4 magnets, respectively.
The total length | fm is 5, 10, and 20 mm, respectively. The magnetic material is a steel ball with a
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diameter of 6.35 mm. A plastic pipe with an internal diameter of 7 mm, an external diameter of 10 mm,
and a length of 98 mm is used.

(a) L --g]----JFixed magnet (b) --g---JFixed magnet (C)
. - .
N -
S S mm 4 E Moving
Movi = 7, 5, 3 N | magnet
-~ {Moving | Moving EE
Mmagne d magnet R
N N Img
fmg fmg
me
— 1,1\2\, 4 Steel ball
z A TNNL_ | Iron z —< S
lironw S | Tcolumn J Steel ball = E Fixed
| N MHHFiXGd . ] RMFiXCd i H&R&magnet
S magnet S magnet S

Fig. 2. Various models of acceleration limit switch. (a), (b), and (c) show model 1, model 2,
and model 3, respectively.

A long stroke shaker (AR BROWN MODEL113) is used as the source of vibrations, and it is made to
vibrate by a signal amplified by an amplifier (AR BROWN MODEL114). A Vibrating measurement is
performed more than three times for various frequencies from 2 to 20 Hz at different acceleration values
up to 2 G. These acceleration values are measured by an acceleration sensor (COLUMBIA RESEARCH
SA-120R).

3. Results and Discussions

As shown in Fig. 3, the plot of switching acceleration v.s. frequency shows a resonance frequency. The
resonance frequency ranges from several Hertz to ten and several of Hertz.

By decreasing lion as shown in Fig. 3 (a)—(c), the resonance frequency and magnitude of switching
acceleration increase. If lion is very large, the moving magnet is not able to repel the material; on the
other hand, when the length is very small, the moving magnet is not able to connect to the fixed part.

By decreasing the distance between the upper fixed magnets and the lower fixed magnet, as shown in
Fig. 3 (d) and (e), the resonance frequency and magnitude of switching acceleration increase.

Fig. 3 (f)—(h) show plots for different numbers of fixed magnets (Nsm). When Ny, is decreased, the
strength of the magnetic field H decreases, the resonance frequency increases, and the magnitude of
switching acceleration decreases.

172



Sensors & Transducers Journal, Vol. 94, Issue 7, July 2008, pp. 170-175

Figs. 3 (h)—(j) show plots for different numbers of moving magnets (Nmm). When Ny is decreased, H
decreases, the weight of the moving magnet my,m decreases, the resonance frequency decreases, and the
magnitude of switching acceleration increases. From has been previously described for the strength H,
the weight mp, has more effective than the strength H for Nyym. In other words, when mpn, is decreases,
the resonance frequency decreases, and the magnitude of switching acceleration increases.
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Fig. 3. Switching acceleration plotted as a function of frequency. (a), (b), and (c) show plots for model 1
for lipn = 6.39 mm, 3.28 mm, and 1.58 mm, respectively. (d) and (e) show plots for model 2
for d = 47 mm and 37 mm, respectively. (f), (g), and (h) show plots for N, = 4, 2, and 1, respectively,
when Nmn is fixed at 7. (i) and (j) show plots for N, = 5 and 3, respectively, when Ny is fixed at 1. (f)—(j)
are for model 3.
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By comparing these results of the switching acceleration, the spring constant and damping constant of
the vibration equation can be derived. An investigation of relations between these constants is an issue in

the future.

Fig. 4 shows the correlation of the frequency response for the parameters liron, d, H, and mym. There are
two patterns. These patterns are helpful as a guide in the designing of the limit switch.

Switching acceleration (G)

(b)

Switching acceleration (G)

%quéncy (Hz)

Fig. 4. Correlation diagram for various parameters on the switching acceleration vs. frequency plot.
(a) and (b) show pattern 1 and pattern 2, respectively.

4. Concluding Remarks
We have developed a repulsive-magnets-type vibration limit switch which enables to respond to a

motion of human. This limit switch has the advantages of auto-detection and simple structure and does
not require a battery.

The resonance frequency and magnitude of switching acceleration are controlled by the components of
the limit switch.
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