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Recent Large Scale 3-D Finite Element Analysis and Applications
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Y. Kawase, Department of Information Science, Gifu University

It is important to design electromagnetic devices
using Computer Aided Engineering (CAE) to shorten
the development period and reduce costs. In this paper,
I introduce examples of the latest three-dimensional
finite element method (3-D FEM) for electromagnetic
field analysis. I describe the three-dimensional eddy
current analysis in a silicon steel sheet of an interior
permanent magnet motor, the torque characteristics
analysis of a hybrid stepping motor, the three-
dimensional analysis of a skewed squirrel-cage induc-
tion motor, a three-dimensional eddy current analysis
in the laminated silicon steel sheets of a permanent
magnet-type MRI, and three-dimensional analysis of a
surface permanent magnet motor using soft magnetic
composites (SMC).
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Fig.1 Process of initial mesh creation: (a)
conventional 3-D mesh (not skewed), (b) deletion
of elements in air gap of rotor region, (¢) skewing
of rotor core, (d) mesh after connection.

Fig. 2 Overview of multinode technique: (a) es-
tablished technique, (b) multinode technique.
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Fig. 3 Analyzed model (1/8 region). (a) plan
view (x—y plane), (b) front view (x—=z plane).

Table 1 Analyzed condition

Number of poles 4
Coil current (A) 5.7
Coil turn (turn) 35
Magnetization of magnet (T) 1.25
Revolution of rotor (min™) 7,200
Frequency of coil current (Hz) 240
Thickness of silicon steel sheet (mm) 0.5
Conductivity of silicon steel sheet (S/m) | 2.2 x10°
Density of silicon steel sheet (kg/m®) 765%x10°
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Fig. 4 Distributions of eddy current density
vectors: (a) x—y plane (z=0.24), (b) x—z plane (@5
section).
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Fig. 5 Eddy current loss, hysteresis loss, and
iron loss.

Table 2 Discretization data and CPU time

Number of elements 321,888
Number of nodes 68,205
Number of edges 418,740
Number of unknown variables 384,384
Average number of nonlinear iterations 12.1
Number of time steps 220
CPU time (hours) 210

Computer used: Pentium 4, 1.9-GHz PC
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Fig. 6 Analyzed model (1/2 region):. (a) overall
view, (b) stator core, (c) rotor.
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Fig. 7 Insert positions of gap elements.
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Fig. 8 Distributions of flux density vectors: (a)
o—a section (without gap elements), (b) o—a section
(with gap elements).

04r
measured
—@— with gap elements
0.2 —@— without gap element

torque (N-m)

-0.2

-0.4-

Fig. 9 Stiffness torque characteristics.

Table 3 Discretization data and CPU time

Number of elements 1,196,514
Number of nodes 218,148
Number of edges 1,451,997
Number of unknown variables 1,341,162
Average number of nonlinear iterations 15
Number of time steps 17
CPU time (hours) 447

Computer used: Pentium 4, 1.9-GHz PC
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Fig. 10 Analyzed model (1/2 region).

rotor core

Table 4 Analyzed condition

Number of poles 4
Connection of coils Y-connection
Line voltage (V) 100
Resistance of coil (2/m) 292
Number of coil turns (turn) 66
Slip 0.33
Frequency of line voltage (Hz) 50
Conductivity of
secondary conductor (S/m) 2984 %107
10.0 (W/kg)
y

r4
0.0 Xax

rotation rotation
direction direction
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Fig. 11 Iron loss of stator core: (a) eddy current
loss, (b) hysteresis loss.
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Fig. 12 Iron loss of rotor core: (a) eddy current
loss, (b) hysteresis loss.

Table 5 Discretization data and CPU time

Number of elements 494,244
Number of nodes 87,572
Number of edges 592,731
Number of unknown variables 589,682
Average number of nonlinear 11
iterations

Number of time steps 661
CPU time (hours) 1,419

Computer used: Pentium 4, 2.5-GHz PC
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Fig. 14 Distributions of eddy current density
vectors in laminated silicon steel sheets: (a) sheet
1, (b) sheet 2, (c) sheet 11.
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Table 6 Discretization data and CPU time

Number of elements 1,759,248
Number of nodes 302,122
Number of edges 2,078,953
Number of unknown variables 2,241,155
Average number of 50
nonlinear iterations

Number of time steps 45
CPU time (hours) 118

Computer used: Pentium 4, 2.5-GHz PC
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Fig. 16 B-H curves.
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Fig. 17 Loss characteristics: (a) model A (SMC),
(b) model B (silicon steel sheet).
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Table 7 Discretization data and CPU time

Number of elements 552,552
Number of nodes 96,888
Number of edges 658,919
Number of unknown variables 630,524
Average number of nonlinear 144
iterations

Number of time steps 100
CPU time (hours) 480

Computer used: Pentium 4, 2.2-GHz PC
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