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Abstract

This paper presents a rapid and simplified
characteristic analysis method for claw-pole type motor
using 2-dimensional Finite Element Method (2D FEM)
with an equivalent model. The dimensions of the 2D
equivalent model are decided by considering geometric
mean distance of 3D model. With proposed 2D
equivalent model, less calculation time and computer
memory are required comparing to 3D anlaysis. For the
validity of 2D analysis results, the flux distribution in
the air-gap is compared to average flux distribution
from 3D static analysis, and the emf (electromotive
force) is compared with measurements.

1. Introduction

Large numbers of claw-pole type rotary machines are
used as penerators in vehicles because the production
process can be simpler and the structure can be solid.
However, the machines can have high saturation level and
leakage flux easily due to their unique shape of poles.
Accordingly, Finite Element Methods (FEMs) are used to
accurately predict the electrical and mechanical behavior of
the machines [1-3). 3-dimensional (3D} FEM can be used
to the analysis of the machines by modeling them as the
shapes are [2]. However, it is not recommended to use 30
FEM in the initial design because 3D FEM analysis
requires much computation time and computer memory,
and it is hard to model claw-poles. Therefore, 2D equivalent
analysis models for 2D FEM are presented in several
researches as substitution for or auxiliary to 3D FEM [3-3].

In this paper, 2D equivalent model is introduced for
rapid and simplified characteristic analysis of claw-
pole type motor. The process of transforming the 3D
model to 2D equivalent model considering geometric
mean distances is presented in detail. 3D FEM is used
to check whether 2D equivalent model follows overall
trend of flux distribution with 3D analysis. For that
reason, the flux density in the air-gap is obtained from
the 2D equivalent model, and compared with 3D
analysis results. With this comparison, the validity of
the 2D equivalent model can be abtained or modified to
have more precise analysis results. The analysis results
are verified by comparing back emf to measurements.
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2. Analysis Model

Fig. 1 shows the construction of a claw-pole type
maotor of 3kW. The rotor has16 poles with double layer,
the stator has 96 slots. Field coils fed by DC current are
wound in rotor. Equivalent 2D model is designed
considering the 3D dimensions [3].

3. 3D analysis

For static 3D FEM analysis, commercial software,
Flux-3D, is used. On the basis of the pericdicily and
symmelry, it is possible to use 1/16 model instead of
full 3D model; cyclic boundary condition is applied to
the periodic face and field tangential condition is
applied to the symmetry plane. Fig. 2 shows the flux
distributions in rotor. As shown in Fig.2, the flux
distributions are 3-dimensional in almost everywhere
of the rotor. Therefore, for more precise analysis
results with 2D equivalent model, the average flux
distribution in the air gap along rotor axis can be
considered. The flux distribution in the air gap along
z-direction is shown in Fig. 3.
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Fig. 1 1/16 Construction of claw-pele type DC motor( rotor
cails are hidden for visibility of the entire model)
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Fig. 2 3D flux distribution from 3D analysis
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Fig. 3 Normal component of flux density in air gap
along z- axis (z denotes z-axis and number does axial
position in legend)

4. Designing 2D equivalent model by 3D
dimensions

In designing 2D equivalent model, only rotor part is
considered, and stator is modeled as general 2D
analysis of motor. Slot open width (5) of the equivalent
model is decided and this width is maintained from 3D
model, because it is expected that this gap can
represent the leakage flux between two poles both of
2D and 3D model. As shown in Fig. 4, the rotor pole
width and thickness have variation along z-axis. The
tooth width {w) and thickness (t) in Fig. 4 are chosen to
be the average width of overlapped pele part, and this
is represented in (1) and (2) respectively.
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(b} Taoth thickness from B side view in Fig. 1
Fig. 4 Dimensions for 2D equivalent model I

Other factors to be considered are shown in Fig.5 (a),
the complete 2D equivalent model of the rotor is shown
in Fig. 5 (b), and the complete 2D equivalent model for
2D FEM is shown in Fig. 6, where, F (magnetomotive
force) is the source of the entire raotor, i is number of
turns, [y is exciting current. The accuracy of the 2D
analysis is mainly affected by magnetomotive force and
& [3]. And these can be modified for more precise
results. Flux distribution in air gap of the 2D equivalent
madel is compared to the average flux distribution
from 3D analysis in Fig. 7.
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(b) Equivalent rotor model
(c)
Fig. 5 3D geometry and its corresponding 2D geometry

As shown in Fig.7, the difference between 2D
equivalent model and 3D model is small that the
difference can be neglected in the initial design stage.
Therefore, it is clear that designing 2D eguivalent
model only by 3D dimension is reasonable and quite
accurale. Therefore, this equivalent model is used for
the characteristic analysis of the machine. In addition,
for 2D FEM analysis with 5,000 nodes, it took only 30
seconds per a step. Meanwhile, for 3D statc analysis
with 250,000 nedes, it took 30 minutes per a step. This
can be varied according to the computer system and
analysis model, but it is evident that 3D analysis
requires much more time than 2D FEM. And this
becomes worse if the analysis is about dynamic
characteristics of the machine.
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Fig. T Comparison between the normal eomponent of average
flux density from 3D analysis and 2D analysis

3. Analysis results and measurement

Back EMF by measurements and 2D FEM analysis
results according to exciting current at 500 rpm are
compared in Fig. 8. From the comparison, it can be
sald that the 2D equivalent model represents the
actual characteristics of the machine very well and
can be applied for further characteristic analysis,
such as dynamic analysis of the machines easily.
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Fig. B Comparison of EMFs cbtained by 2D analysis and
measurements at S00rpm.

6. Conclusions

The methad designing 2D equivalent model of claw
pole type motor by geometry is verified by comparing
analysis results of 20 FEM and measurcments. 2D
equivalent model is used for the characteristic analysis
of the machine and the analysis result shows good
agreement with the measurements. With this method
the analysis of claw-pole type machines would be easy
and fast in.the initial design stage of the machine and
further characteristic analysis, such as dynamic analysis,
can be performed.

REFERENCES

[1] L Ramsohl and G. Hennegerger, "Calculation and
measurement of time characteristics of local field
guantities in the air-gap of claw-pole alternators,”
IEEE Trans. Magn., vol. 33, no. 5, pp. 4200-4202,
Sept., 1997,

[2] Takeo Ishikawa, "Static torque characteristics of
permanent magnet type stepping motor with claw
poles," IEEE Trans, Magn., vol. 36, no. 4, pp.
1854-1857, July, 2000.

[3] Y. Yamamoto, M. Nirei, and 8. Ozawa, "Practical
analysis of permanent magnet type stepping motor
using 2-dimensional finite element method," in
Proc. of the intemational symposium on advanced
computational and design techniques in applied
electromagnetic systems (ISEM), pp. 313-316,
June, 1994,

[4] Katsumi Yamazaki, "Modification of 2D
MNonlinear Time-stepping Analysis by Limited 3D
Analysis for Induction Machines," IEEE Trans. on
Magnetics, vol. 33, No. 2, pp1694-1697, 1997

258

[3] Ji¥oung Lee, JungPyo Hong, and DoHyun Kang,
"Analysis of Permanent Magnet Type Transverse
Flux Linear Motor by Coupling 2D Finite Element
Method on 3D Equivalent Magnetic Circuit
Network Method," be published in IEEE Industry
Application Conference 2004



International
AEGEAN CONFERENCE
on

ELECTRICAL MACHINES
and
POWER ELECTRONICS




Session 3A : Magnetic Fields and Machines
Thursday, 27 May 2004 11.00-12.30

Chair: Prof, Dr. M. Enokizono

The Influence of Magnetization Pattern on the Performance of Permanent
Magnet Eddy Current Couplings and Brakes
S.M. Jang, H.W. Cho, S.H. Lee, J.Y. Choi, Korea

Characteristic Analysis of Claw-Pole Type Motor Using 2-Dimensional Finite
Element Method

$S.0. Kwon, 1.Y. Lee, J.J. Lee, I.P. Hong, Y. Hur, C.H. Kim, Korea

Analysis of Electrostatic Synchronous Micromotors Using Finite Elements
Method
V. Behjat, A. Vahedi, B. Hashemi, Iran

External Magnetic Field Analysis of Electrical Machines
0. Vitek, V. Hajek, Czech Republic

Calculation of Reactances of Solid Salient Poles Synchronous Motor by Finite
Element Method
M.P. Radevska, Macedonia

X1

166

255

312

184

333



