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Proper determination of winding inductances is a key factor for design and performance
simulation of electrical machines. This paper presents the computation of the incremental
inductances of a three-phase three-stack permanent magnet (PM) claw pole motor with son
magnetic composite (SMC) stator by using magnetic field finite clemcnt analysis in
combination with energy and current perturbation tcchnique. The magnetic saliencies due to
both the motor's structure and magnetic saturation are included in the inductance profile. The
theoretical computations are validated by the measurements on the motor prototype.
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I. Introduction

Effective and accurate determination of winding
inductances is a crucial factor for design and
optimization of high performance motors. This is
especially true for newly-developed electrical
machines with new materials and new topologies
because the conventional approaches, based on
equivalent magnetic circuit, empirical fomlUlae or
prevIOus experiences, cannot provide correct
computation. An example is a three-phase three­
stack permanent magnet (PM) claw motor
employing soft magnetic composite (SMC) stator [I].
By taking advantage of the unique propenies of
SMC [2], such as the magnetic isotropy, the magnet
was chosen both axially and circumfercntially longer
than the claw pole to increase the specific torque.
The magnetic flux in the motor path is really
complex and three-dimensional (3D).

In such a 3D nux machine, numerical techniques
such as finite element analysis (FEA) should be
performed for proper detem1ination of the magnetic
field distribution. This paper presents the
computation of winding inductances of the PM claw
pole SMC motor by employing 3D magnetic field
FEA in combination with a modified incremental
energy method (MIEM) [3].

Secant (apparent) inducl'ance, which is defined as
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the ratio of the winding nux linkage over winding
current, is usually employed. However, this is not
correct when the nonlinear characteristic of the
magnetic core is considered in dynamic performance
analysis [4]. For nonlinear analysis, the incremental
(differential) inductances should be used. In this
paper, the incremental inductance profile of the claw
pole motor is computed by using the MIEM. The
effects of both structural and magnetic saturation
saliencies are included in the inductance profile,
enabling the nonlinear dynamic performance
analysis of the motor [5].

2. Incremental Inductances

2./ Definition ofincremental inductance

Generally, the dynamic performance of a motor
can be analyzed by the following equations:

dJ.
u,=R-ij +--J ,j=1,2,...•m (I)

~ J dl

where m is the number of phases, uj> ~, i.; and A; are
the applied voltage, resistance, current and flux
linkage ofthej-th phase winding, respectively. Due
to the magnetic saturation, the nux linkage,
contributed by both the stator currents and PMs,
varies with stator currents and rotor position Bas
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where ipAi is the equivalent current of PMs, which
can be considered as a constant. By substituting (2)
into (I), the voltage equation of the )-th phase
winding can be rewritten using the chain rule as:

where LjI(=a~/()4 is the incremental inductance, and
ej is the rotational electromotive force (em/).

When the magnetic circuit is saturated, the motor
performance should be analyzed with the
incremental inductance, along the tangential line at
the operating point of the flux~linkagc versus current
curve. The secant inductance, i.e. the slope of the
linearized characteristic through the origin and the
operating point, is not appropriate when dealing with
an electrical machine with non-linear magnetic
properties.

. ~ dAj di, dAj de
l/.=R./,+~----+----

J J J 4",\ CJi
4

dl CJ8 dl
(3)

3. Computation of Incremental Inductances of a
PM Claw Pole SMC Motor

3.1 Motor prototype

To investigate the application potential of SMC
in electrical machines, a thrce·phase PM claw pole
SMC motor has been developed by the authors [tl
The three phases are stacked axially with a
circumferential shift of 120° electrical to each other.
The major dimensions and parameters include: 80
mm for the diameter of the inside stator, I mm for
the main airgap length, 31 mm for the axial length of
each stack, 75 turns for each winding, and 20 poles.

Considering the struclural symmetry and the
negligible magnetic coupling between stacks, only
one pole region of one stack is required for the FEA
solution, as illustrated in Fig. I, where A is the SMC
stator core, B the rotor PMs, C the mild steel rotor
yoke, and D the steel shaft. Each phase has a single
coil winding (not shown for clarity) around an SMC
core, which is molded in two halves.

2,2 Modified incremental energy method

In a PM motor, the magnetic field is dominated
by the field produced by the PMs. Since the field
and energy generated by the winding currents are
considerably smaller than those generated by PMs,
large computational errors may happen during the
numerical field solution. This may be avoided by
using the MIEM [3], which is developed based on
the energy/current perturbation method [6]. Firstly, a
nonlinear magnetic field FEA is conducted at the
motor's normal operating state to find out the
magnetic property of each element. The differential
permeability of the elements can then be obtained
according to the known B-H curve of the nonlinear
magnetic material. Next, the motor is reconfigured
to a linear system by assuming that each element is
made of a linear matcrial with the previously
determined permeability and that the PM remanence
is set to zero. Finally, a linear magnetic field FEA is
performed to acquire the magnetic co-energy, Wco at
a specified winding current, i. The incremental self­
inductance can then be calculated by

(4)

To consider the effect of magnetic saturation
caused by both PMs and stator current, the first step
of MIEM is to perform a nonlinear analysis with
both the excitations.

Fig. 1. Motor structure and FEA solution region

3.2 Computation ofincremental inductances

Due to the variations of structure and magnetic
saturation (the latter is mainly caused by rotor PMs),
the winding inductance is a function of rotor
position. At the nOnllal operating state, the tOlal
winding flux is composed of the rotor flux produced
by the PMs, as well as the stator flux produced by
the stator current. Due to the stator flux, the
magnetic core becomes more saturated at some parts
and less saturated at other parts. Therefore, the
winding inductance computation should also take
into account the effect of the stator current.

When the motor operates in the steady state
synchronous state, the stator flux, or the resulting
flux of both the stator and rotor fluxes, leads or lags
the rotor flux by a fixed spatial angle. Referred to
the rotor, the stator current can be seen as a DC at a
specified load. Therefore, the inductance pattern
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versus various stator currents and rotor positions are
very useful information for design and performance
analysis of the motor under various control schemes.
Here, the inductance is computed with various DC
offsets, which emulate the effect of the stator current.
The inductance pattern can then be used as a look-up
table for simulating the motor performance under a
particular control scheme and load [5].

Fig. 2 illustrates the computed self incremental
inductances of one phase winding considering both
structural and magnetic saluration saliencies, with
the zero rotor position where the rotor PMs line up
with the stator claw poles, as shown in Fig. I. The
curves with DC bias reflect the effect of the stator
flux. The mutual inductances between phases can be
considered as zero due to the almost independent
magnetic circuit of one phase.
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A DC current is input into one phase winding for
simulating the effect of stator flux and a small AC
signal is superimposed upon the same phase for
measuring the inductance. The AC voltage across
the two terminals, V/, and the AC current following
the winding, II, are measured. The phase winding
inductance can be calculated by

(5)

whereji is the frequency, and R I is the resistance of
the phase winding. The inductance is measured with
rotor positions from 0° to 360° electrical at 15°
intervals, and bias current levels of 0 A, 2 A and 4 A,
as shown in Fig. 4. For comparison, the computed
inductances are re-plotted in the figure, revealing
that they basically agree with the experimental ones.
The error may be caused by the measuring current,
which causes a small loop in the vicinity of the
saturation point in the B-H curve. Another possible
reason is the eddy current caused by the measuring
current. Although the particles of SMC materials
have been coated by a thin electrical insulation, the
eddy current might be non-negligible due to the
possible insulation damage during the high-pressure
compaction process. Ideally, the measuring current
should be as close to zero as possible but the reading
error could be large.

3.3 Inductance measurement
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Fig. 4. Computed and measured inductances
with DC bias in the stator winding

4. Dynamic Performance Analysis

The inductance profile, in combination with other
key parameters such as back emf, cogging torque
and core loss [1], the phase variable model can be
built for the dynamic performance analysis of the
PM motor under a brushless DC control scheme [8],
[9], including (3) and the motion equations below:
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Fig. 3. Experimental setup for inductance measurement

Fig. 2. Computed self incremental inductances of onc
phase winding considering both structural and magnclic
saturation saliencies

Fig. 3 illustrates the experimental setup for
measuring the self-inductance by using a small high
frequency AC current (500 Hz, 0.2 A) while the
rotor is locked at a specified rotor angle [7].
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Tem
e)" + ebib+ eeie (6)

w,

dw, 7 -7 -7 -S.w"m L eqI: Or (7)
dt J

dB
(8)-=W

dt '

where Tem is the electromagnetic torque, m- the rotor
angular speed, h the load torque, Teo/; the cogging
toque, & the friction coefficient, and J the total
inertia of the rotating parts.

As an example, simulation is conducted to
investigate if the motor can reach the required
steady-state speed of 1800 rpm with the rated torque
of 2.65 Nm, when the applied voltage of the inverter
is 165 VDC, and the simulated results are shown in
Figs. 5 and 6. It is found that the performance
requirements can be met.

< (0)

Fig. 5. Speed curve during the start-up with a load of
2.65 Nrn when the inverter voltage Vdc=165 V
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, -' '--"Fig. 6. Voltage, back enifand current of a phase winding
at (he steady state

5. Conclusion

This paper presents the computation of the
incremental inductances of a PM claw pole SMC
motor. To consider the effect of both structural and
magnetic saturation saliencies, the inductance is
computed with different rotor positions and bias DC
currents. The computation of inductances has been
verified by the experiments on the motor prototype.

The inductance, in combination with other key
parameters, enables the dynamic performance of the
PM motor under different certain control scheme.
Furthermore, the inductance pattern, which can be
obtained by computation and/or experiment, can
provide a method to determine the initial rotor
position of surface mounted PM motors under
sensorless control schemes.

References

[I] Y. G. Guo, J. G. Zhu, P.A. Watterson and W. Wu,
"Development of a claw pole permanent magnet
motor with soft magnetic composite stator,"
Australian J. ofElectrical & Electronic Ellg., Vol. 2,
No.l,pp.21-30,2005.

[2] M. Persson, P. Jansson, A. G. Jack and B. C. Mecraw,
"Soft magnetic composite materials - use for
electrical machines," Proc. til lEE Calif. all
Electrical Machines and Dril'es, Durham, England,
pp. 242-246, 1995.

[3] Y. G. Guo, 1. G. Zhu and H.Y. Lu, "Accurate
detennination of parameters of a claw pole motor
with SMC stator core by finite element magnetic
field analysis," lEE Proceedings - Elew'ic Power
Applicatioll. Vol. 153, No.4, pp. 568-574, 2006.

[4] M. Gyimesi and D. Ostergaard, "Inductance
computation by incremental finite element analysis,"
IEEE TrailS. Magn., Vol. 35, No.3, pp. 1119-1122,
1999.

[5] Y. Yan, J. G. Zhu, H. W. Lu, Y. G. Guo and S. H.
Wang, "Study of a PMSM model incorporating
structural and saturation saliencies," Proc. 6th IEEE
lilt. Conf. on Power Electronics and Drilre Systems,
Kuala Lumper, Malaysia, pp. 575-580, 2005.

[6] N. A. Demerdash and T. W. Nehl, "Electrical
machinery parameters and torques by current and
energy perturbations from field computations - part [:
theory and fonnulation," IEEE Trans. Energy
Convers., VoI.14,No.4,pp. 1507-1513, 1999.

[7] R. Chandru and J. G. Zhu, "Sensorless rotor position
detection using differential high frequency phase
current method," Proc. 6'il IEEE Int. Calif. on Power
Electronics and Drive Systems, Kuala Lumper, pp.
575-580,2005.

[8] O. A. Mohammed, S. Liu and Z. Liu, "A phase
variable model of brushless dc motors based on finite
element analysis and its coupling with external
circuits," IEEE TrailS. Magn., Vol. 41, No.5, pp.
1576-1579,2005.

[9] Y. G. Guo, J. X. Chen, 1. G. Zhu and J. X. Jin,
"Perfonnance analysis of an SMC transverse flux
motor with brushless DC control scheme," Asia­
Pacific Symposium all Applied Electromagnetics and
Mechanics, Sydney, Australia, 2006.

Received: 20 July 2006/Revised: 31 January 2007

(41) 257



Journal of the Japan Society of Applied
Electromagnetics and Mechanics

"'1m Asia-Pacific Symposium on Applied Electromagnetics and Mechanics (APSAEM06)

S*AEM!!}!::a: 2007iF9,EJlOSJ@:n ISSN 0919-4452



B*AEM~~U Vol. 15, No.3 (2007)

Contents

Special Issue of the Asia-Pacific Symposium on Applied
Electromagnetics and Mechanics (APSAEM06)

· Preface Jianguo Zhu, 217 (I
Junwei Lu,
Sotoshi Yamada

· Analysis of Printed Circuit Boards based on Electromagnetic Yoon-Mi Park, 218 (2
Topology Jung-Yub Lee,

Sehoon Hwang,
Hyun-Kyo Jung,
Young-Seek Chung,
Hyeong-Seok Kim

• Measurement of Deterioration of Magnetic Propenies due to Norio Takahashi, 222
Shrink Fitting Daisuke Miyagi,

Ryouhei USlli,
Masayoshi Nakaoka,
Masanori Nakano

· An Improved Evolutionary Algorithm Applied to Multi-Objective Man Nie, 226 (1
Inverse Problems Hui Zhang,

Haixia Xia,
Shiyou Yang,
Junwei Lu,
Guangzheng Ni

(II• 3-D Finite Element Loss Analysis of Squirrel-Cage lnduction Tatsllya Masuda, 230
Motor Using SMC Yoshihiro Kawase,

Tadashi Yamaguchi,
Toshinori Okouchi,
Hiroshi Ohno,
Goran Nord,
Koki Kanno

• Magnetic Sensing Device Based on a Side-polished Long Period Wen-Fung Liu, 234 (Ii
Fiber Grating Coated with Thin Iron Film Chuell-Lin Tien,

Hong-Wei Chen,
Shan-Wen Lin,
Chang-Chou Hwang

• Magnetic Interference in Multi-Pickup Monorail Inductively D. Spackman, 238 (2
Coupled Power Transfer Systems D. Kacprzak,

J. Sykulski
• Surface Defects Evaluation by 2·Axis MFL Testing Masataka Abe, 242 {2'

Eiji Matsumoto,
Shiro Biwa

· Numerical Simulation of Cluster Formation in Vibration Shear Yasushi Ido, 246 (J
Flows ofER Suspensions Hisao Fukami

• Dynamic Analysis and Experiment on Magnetic Fluid Wenrong Yang, 250 (l
Acceleration Sensor Qingxin Yang,

Changzai Fan,
Xiaoguang Yang,
Weili Yan

· Computation of Incremental Inductances for Nonlinear Dynamic Youguang Guo, 254 (l
Analysis of a PM Claw Pole SMC Motor Jianguo Zhu,

Haiyan Lu,
Jianxun Jin



8*AEM:'f:~tt Vol.lj, No.3 (lOM)

• Developmenl ofa Magnetic Separator for Biomaterials Labelled Wataru Maeda, 258 (42)
by the Magnetic Beads Sotoshi Yamada,

Masayoshi Iwahara
-A ew Scheme of Detennining Effective Constitutive Parameter.; Wei Bing, 262 (46)

for Composite Media Ge Debiao,
Shen Ning

• Developmenl of High-Density Electrical Machines Masato Enokizono, 266 (50)
Takashi Todaka,
Atsushi Ikariga,
Hiroyasu Shimoji

• Magnetization and Magnetostrietion Curves of Fc-Ni Alloys K. Y. Yun, 270 (54)
under Stress K. Nakata,

S. Biwa,
E. Matsumoto

• The Impact of Bias Voltage on the Perfonnance ofa P.I.N. Diode E. Palantei, 274 (58)
Loaded Smart Antenna D. V. Thiel

• Utilization ofSV-GMR Sensor for Detection Conductive Teerasak Somsak, 278 (62)
Microbead with Helmholl2 Coil Exciter Based on Eddy Current Komkrit Chomsuwan,
Testing Shotoshi Yamada.

Masayoshi Iwahara
· Analytical Model and Reduction Methods for Cogging Torque in Jianhui Hu, 282 (66)

Pennanent Magnet Brushless DC Motor through Various Jibin Zou,
Harmonic Controlling Methods Yongping Lu,

Yanbin Uu
• Development of Rope Tester for Detection ofWire Damage Yutaka Hirama, 286 (70)

Yoichi Kumakura,
Hiroyuki Wakiwaka,
Ken Kaneko

• Structural Parameter Design on Multilayer Conductors of Shuhong Wang, 290 (74)
HTS AC Transmission Cable by Means of Particle Swann JieQiu,
Optimization Zhcn Zhao,

Jian Guo Zhu,
Youguang Guo

• 3-D Magnetic Field Analysis of PM Motors Taking into Account Tadashi Yamaguchi, 294 (78)
Demagnetization by Temperature Yoshihiro Kawase,

Masashi Watanabe,
Naotaka Toida,
Kazuya Nakamura,
Eri Fukushima

• Smart Mobile Tenninal Antennas For Wireless Communications Junwei Lu, 298 (82)
and Computing David Ireland,

MinShi
· High-Speed PCB Inspection System Based on ECT Technique Komkrit Chomsuwan, 302 (86)

With Multi SV-GMR Sensor Sotoshi Yamada,
Masayoshi Iwahara

· Fiber Bragg Grating Coated with Thin Ferric Film for Magnetic Chuen-Lin Tien, 306 (90)
Field Sensing Shan-Wen Lin,

Hong-Wei Chen,
Wen -Fung Uu,
Chang-Chou Hwang

• Analysis and Design of Bearingless Motor with Rectifier Circuit Li Chen, 310 (94)
Coil Rotor Koichi Oka,

Hironobu Aratani
• Structural and Satur'dtion Saliencies in Pennanent Magnet Ying Van, 314 (98)

Synchronous Motors Jian Guo Zhu



8*AEM~it~ Vo/./5, No.3 (2007)

Review Papers
· Cooking Appliances Using High-Frequency Heating

Papers
· Analytical Model ofMagnclic Reluctance in Plane Solid Iron

Cores
• An 1-100 DIA Control with Periodic Disturbance and

Its Evaluation on Rotational Property by Magnetic Bearings
· Numerical Simulations of Production Process of MAGIC

Abrasive (Effect of Volume Fraction of Spherical Particles on
Distribution of Particles)

Conference Reports
Conference Announcements
Academic Calendar
Report of the 17th General Assembly of JSAEM
Information for Authors

Hideyuki KIMURA 318 (1021

Satoru FUKATA 325 (1091

Hiraki SETa, 333 (II~
Toru NAMERJKAWA
Yasushi IDa, 341 (121)
Takafumi INAGAKI,
Noritsugu UMEHARA

348 (132
349 (llJ
352 (ll6
353 (137
357 (141



8*AEM~~~
JOURNAL OFTHE JAPAN SOCrETY OF APPLIED ELECTROMAGNETICS AND MECHANICS

URL: hllp:lfll'll'lI'soc.nii.ac.jpljsaeml

Volume 15, Number 3, September 2007

-*H"H1'

ai S3 tit
illU'''iHc, i'ltJII W:
jj:I"IIiff~, li3t.!!It~, mJJj\f!j.~

Komkrit 0J0rnsuu.-m. Sotclshi Yamada.
Masayoshi IWllhara
Chuen-Lio lien. Sh;J.n-Wen Lin.
Hong·Wei Chen. Wen -Fung Liu,
Chang-Chou Hwang
Li Chen, K(lichi Oka, Hironobu Aratani
Ying Van, Jian Guo Zhu

Masato En(lki1-ono, Takashi Todaka,
Atsushi Ikariga, Hiroyasu Shimoji
K.. Y. Yun, K. Nakata, S. (liwa, E. Matsumoto
E. Palante;, D. V. Thiel

Teerasak Somsak, Komkrit ChmtlSuwan.
Shotoshi Yamada, Masayoshi Iwahal'll
Jianhui Hu. Jibin Zou. Yongping Lu.
Yanbin Liu
Yutaka Hirama, Yoichi Kumakura,
lIiroyuki Wakiwaka., Ken KallCko
Shuhong Wang. Jie Qiu. Zhen Zh:w.
Jian Goo Zhu. Youguang Guo
Tadashi Yamaguchi. Yoshihiro Kau.-ase.
Masashi Watanabe, Naotaka Toida,
Kazuya Nakamura. Eri Fukushima
Junwei Lu, David Ireland, Min Shi

Wenll)ltg Yang. Qingxin Yang. Changui Fan.
Xiaoguang Yang. Weili Van
Youguang Goo. Jianguo Zhu, lIaiyan Lu.
Jianxun Jin
Wataru Maeda, Sotoshi Yamada.
Masayoshi Iwahant
Wei Bing, Ge Debiao. Shen Ning

Masataka Abe. Eiji Matsumolo. Shiro m....a
Yasushi ldo.llisao Fukami

· Slructural Parameter Design on Multilayer Cooductors (lfHTS AC
Transmission Cablc by MC3ll$ ofParticJe Swarm Optimizatioo

· 3-D Magnetic Field Analysis of PM M(lt(lrs Taking intoAcoount
Demagnetizatioo by Tempcnt~

· Magnetizati(ln and Magnetostriction Curves of Fe-Ni Alloys under Stress
, The Impact of Bias Voltage on the Perfonnanee of a P.I,N. Diode Loadcd

Sman Antenna
· Utilization of SV·GMR Sensor for Detection Conductive Microbcad with

Helmholtz Coil Exciter Based on Eddy Current Testing
· Analytical Model and Reduction Methods for Cogging Torque in Permanent

Magnet Brushless DC MOlar through Various Harmonic Controlling Methods
· Development of R<>pe Tester for Detection of Wire Damage

· Smart Mobile Terminal Antennas t'or Wireless C()IlUlluoieati()l1J and
C()IflpUting

, High-Speed PCB Inspection S)'Slem Based 00 ECf TechnIque With Multi
SV.(jMR Sensor

· Fiber Bragg Grating Called with Thin Ferric Film for Magnetic Field Sensing

· C()Inpulatioo (If locrementaJ Inductances for Nonlinear Dynamic Analysis
(lfa PM Claw Pole SMC MOl(ll"

· De\'cJ<lpment of a Magnetic Separator f(ll" Bimll3terials Labelled
by the Magnetic Beads

· A Ne.... Scheme of Determining Effective C(lnstitutive Parameten
for C(lmp<>site Media

· De\'elopment (If High-Density Electrical Machines

· Mcasurement of Deterioration of Magnctic Properties due to Shrink Fitting

· An Improved Evolutionary Algorithm Applied to Multi-Objective Inverse
Problcms

, 3-0 Finite Element Loss Analysis of Squirrel-Cage Induction Motor Using
SMC

· Magll('1ie Interference in Multi-Pickup MonoraillndUlCli~'elyCoupled Power
Transfer Systcms

· Surface DefeelS E\'3Iuauon by 2-Axis MFL Testing
· NumcriCliI Simulation ofClustcr Fonnation in Vibration Shear Flows (lfER

Suspensioos
· Dynamic Analysis and Experiment on Magnc1ic Fluid Accekration S<:ns<lr

· Magnetic Sensing Dcvite Based on a Side-polished Long Period Fiber
Grating Coated with Thin Iron Film

• Analysis and Design (lfBcaringless M()I(II" with Rectifier Circuit Coil R()I(II"

· Structural and Satulatioll Saliencies in PC1lTI3Ilent Magnet Synchll)ltous
Motors

!!lll
· ;n;/.'Jil!l.oo~~:.f:IJm L..~M~II~i

IlX
• '.I!J :';I l''l<ifii0i,L..'I/)S;$iXI!1!1to')MltIr'f-:rJ1,.'
· JI<1JQIf'l/]1!-l;t.~~«! Lt:.. lioo DlA f1lIJij~ c!:: S~tI!l~f::J: -5@~M:~(I)~fi'E

· MAGIC ~~{i~Wi~If'il.(I)Jj(lfl:~~ (£fUFH'iI 1-l*m'f;flQ)f.\I:-1-'N'ji......Q)
tI',,)

Ma Asia-Pacific Symposium on Applied Electromagnetics and Mechanics 2006 (APSAEM061
· Prefacc Jianguo Zhu, JUllwci Lu. Sotoshi Yamada
· Analysis of Printcd Cireuit Boards based on Elcctromagnetic Topology Yoon-Mi Parle, Jung-Yub Lec, Schoon Hwang.

Ilyun-Kyo Jung, Young-Seek Chung,
Hyeong-Seok Kim
Norio Takahashi, Daisuke Miyagi.
Ryouhei Usui, MIl5ayoshi Nukaoku,
Masanori Nakano
Man Nie, Hui Zhang, Habda Xia,
Shiyou Yang, Junwci Lu. Guangrlleng Ni
Tatsuya Masuda. Yoshihiro Kuwase.
Tadashi Yamaguchi. Toshinori Okouchi.
Hiroshi Ohno. GOran Nord. Koki Kanno
Wen-Fung Liu. Chuen-Lin Tim.
Hong·Wei Chen. Shan-Wen Lin,
Chang-Chou Hwang
D. Spackman. D. Kacpruk, J. Sykulski

e-mail: secretariat@jsaem.gr.jp ISSN 0919-4452

T 113-0033 jIVj(llIl:lt)j(~:<$:ltJl5-30-15(**) ,n~~~

Tel 03-3814-0915 Fax 03-3812-2615

B:<$: AEM *f<1JfJlF.i
;EfiIIj 5000 Fllt# 4762 PlJ




