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Analysis of the Magnetic Vector Potential
Distribution in Rotor and Stator of the Permanent
Magnet Generator by using Finite Element Method

Peerawat Meesuk
Electromechanic Menufacturing Engineering Program
Bansomdejchaopraya Rajabhat University
Bangkok, Thailand
E-mail : scpeerawat@bsru.ac.th

Abstract—This paper presents the analysis of magnetic vector
potential distribution in rotor and stator of permanent magnet
generator. The model of magnetic vector potential using a set of
second-order partial differential equations. Take the current
density form load test with 300 watt for wye connecting and delta
connecting to used simulation. The grounding of the generator
frame has the magnetic vector potential has zero value used to
determine the boundary conditions. Computer-based simulation
utilizing finite element method in the time harmonic mode,
instructed in computer programming environment with graphical
representation for magnetic field strength has been evaluated. The
simulation results show the magnetic vector potential. That to be
used in designing the generator to a higher efficiency.

Keywords—Magnetic Vector Potential ; Permanent Magnet
Generator ; Finite Element Method;

I. INTRODUCTION

Generator is a device that can convert mechanical power to
electrical power. This permanent magnet generator is an easy
device to generate electric power , it is renewable energy to used
in the small system . The permanent magnet generator to used
for wind power .

Finite Element Method (FEM) is one of the most popular
numerical methods used for computer simulation. The key
advantage of the FEM over other numerical methods in
engineering applications is the ability to handle nonlinear, time-
dependent and complex geometry problems. Therefore, this
method is suitable for solving the problem of magnetic field
distribution, the FEM is able to estimate solutions of Maxwell’s
equations governing the power transmission systems. Although the
conventional methods are simpler than the use of the FEM, they
are limited for the system of simple geometry. In practice, several
material structures can be found within the permanent magnet
generator. Employing the FEM can includes these effects by
choosing material magnetic permeability for each additional
structure domain.[1],[2] With this feature, the FEM is one of
potential numerical simulation tools for analyzing magnetic vector
potential distribution problems of combined material regions. To

Track-ES Engineering Science

utilize the advantages of the Finite Element Method (FEM) for
handling the magnetic vector distribution problems, FEM model
development and problem formulation need to be defined in
magnetic vector potential problems of permanent magnet
generator.

In this paper, magnetic vector potential modeling of permanent
magnet generator is briefed in Section II. Section II is to illustrate
the utilization of the FEM by using Galerkin approach for the
magnetic field modeling described in Section II. The domain of
study with the FEM can be discretized by using linear tetrahedron
clements. Section IV The result of permanent magnet generator
test. Section V. gives simulation results of magnetic vector
potential distribution of permanent magnet generator in both wye
connecting and delta connecting. This section also gives some
discussion. The simulation conducted herein is based on the FEM
method given in Section III. All the programming instructions are
PDE Toolbox in MATLAB environment. The last section gives
conclusion.

1. MAGNETIC FIELD MODELING FOR THE
PERMANENT MAGNET GENERATOR

In magnetic field calculations, the magnetic vector potential
A carries a bundle of information consisting of field intensity
H, flux density B, and induced magnetic forces F [3]. For
convenience, some assumptions are made as follows: the
magnetic field presents in the cross-sectional (x,y) plane, the
induced current appears as z-component, the magnetic
materials of the cores are linearly isotropic, and the
displacement currents are negligible due to low supply
frequency (50 Hz) [4]. Hence, (1) describes the temporal and
spatial variations of A [5], [6]

0 (10A 0 (104 0A
a(;a—x)n—y(;;)—”;”o—" (1)
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where p is the magnetic permeability, & is the electrical
conductivity, and Jois the applied current density.

A = Ael“This paper has considered the system governing by
using the time-harmonic mode and representing the magnetic
vector potential in complex form, therefore,

A ;
—=—jwd ()

where © the angular frequency. Refer to (1), by employing
the complex form of the magnetic field and when considering
the problem of three dimensions in cartesian coordinate (xy),
hence

d (1 aA)+ a (16A) q 0
S (. i | s | o § 4 —
Ox\uox/ ay\uady Jasdtly

(3)

III. FEM FOR PERMANENT MAGNET GENERATOR

A. Discretization

This paper determines the permanent magnet generator.
Fig. 1 depicts the detail of the permanent magnet generator. The
domain of study with the FEM can be discretized by using
linear triangle elements. This can be accomplished by using
PDE Toolbox in Matlab programming for 2-D grid generation.
Fig. 2 displays grid representation of the test system. The region
domain consists of 2,421 nodes and 4,777 elements.

Permanent Magnet

Fig. 1. Detail of the permanent magnet generator
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Fig. 2. Discretization of the system given in F ig. 1.

B. FEM Formulation.

An equation governing each element is derived from the
Maxwell’s equations directly by using Galerkin approach,
which is the particular weighted residual method for which the
weighting functions are the same as the shape functions [7-8].
According to the method, the magnetic vector potential is
expressed as follows.

A(x,y) =AiNi +A11V] +Aka (4)
where Nn , n =1, j k is the element shape function and the A, s
n=1i,j kis the approximation of the electric field at each node

(i, j ,k) of the elements, which is

a, +b,x + c,y
- 2A

N

n
e

&)

where A. is the area of the triangular element and,
G =X —x
b]=yk_yl Cj:xi_xk
bk = yi - yj

a; = XY, — XY, b; = Y=Y
aj =Xy, — XY,

Qp: = XYy — X5, Ck = X;— X

The method of the weighted residue with Galerkin approach
is then applied to the differential equation, where the
integrations are performed over the element domain Q.

d (104 0 (104
Jo M <a_ G:3) +a—y(;a)) a0
—fn N, (jwcA)dQ + fn (N Jp)d2 =0  (6)

, or in the compact matrix form

[M + K]{A} = {F} (7
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When

M = jwo [ N;N;dxdy

JjwoA 11
e 1 2 1
1 1 2

=L(lnbm  cn cm
K= u f(ZAe 24, T 24, er)dxdy

1
= 4__“: (bnbm + Cncm)

bibi + CiC; blb] + Cicj bibk + CiCr
= 4;11A b]bl + CjCi b]b] + C}‘Cj b]bk + C}-Ck
¢ bkbi + CrC; bkb] + CkC}- bkbk + CrCr

F =]0andXdy
1
_ Jole
=5 1
1

For one element containing 3 nodes, the expression of the
FEM approximation is a 3x3 matrix. With the account of all
elements in the system of n nodes, the system equation is sizable
as the nxn matrix.

C. Boundary Conditions and Simulation

The boundary conditions applied here is zero magnetic vector
potential at grounding of the generator frame [9-10]. This
simulation uses the system frequency of 50 Hz. The coils material
having the relative permeability () = 1. It notes that the free space
permeability (uo) is 47 x 10”7 H/m.

[V. PERMANENT MAGNET GENERATOR TEST RESULT

The results of permanent magnet generator ,for wye
connecting case show in TABLE I. and delta connecting case
show in TABLE I1.[11]

TABLE 1. THE RESULTS OF WYE CONNECTING CASE.
Speed (W) Voltage (V) Current (A) Power (W)
200 65 0.67 43.55
300 103 0.84 86.52
400 141 1.02 143.82
500 181 1.15 208.15
600 218 1.27 276.86
700 256 1.51 386.56
S0 294 1.63 479.22
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TABLE 1II. THE RESULTS OF DELTA CONNECTING CASE.
Speed (W) Voltage (V) Current (A) Power (W)
200 52 0.68 35.36
300 80 0.81 64.8
400 107 0.96 102.72
500 135 1.07 144 45
600 163 1.16 189.08
700 189 1.26 238.14
800 217 1.35 29295

V. FEM SIMULATION RESULT

This paper employs MATLAB programming to simulate
magnetic vector potential distribution for Wwye connecting and
delta connecting. Magnetic vector potential simulated for each
type can be depicted in Fig. 3 — 4, respectively.

1 L s L L L L

4 5 10 15 20 25 30 35

Fig. 3. Vector potential distribution for wye connecting.

Calor: A

Fig. 4. Vector potential distribution for delta connecting.

From which the results of magnetic vector potential that
distribute throughout the permanent magnet generator for wye
connecting case and delta connecting case as shown in Fig. 3-4.
As can be seen, in all cases the magnetic vector potential has the
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maximum value at the coils of stator. This is because the coils are
energized by the permanent magnet. The maximum magnetic
vector potential at the coil from wye connecting case is higher than
delta connecting case.

VI. CONCLUSION

This paper has studied magnetic vector potential
distribution throughout the area cross section of permanent
magnet generator resulting from load current generation of wye
connecting and delta connecting. The computer simulation is
performed by using 2-D Finite Element Method (2-D FEM)
instructed in MATLAB programming codes. As a result,
distribution of the magnetic vector potential throughout the area
cross- section of the permanent magnet generator.
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