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Abstract—This paper presents an optimum design technique X = [‘91,‘92,03,,,,"9 ]T (1)
for harmonics reduction in the air-gap of flux con@ntration "
Interior PM Motors with Pulse Width Modulation (PWM ) F(x,)=[f fo fa fu ] (x,)=0 (2
method. A 2-D Finite Element Analysis (FEA) is usedor a - .
nonlinear magnetic problem. The computation can besolved by where : f;(x) :I M @)sin(@)dd —-—=M, 3)
using Newton-Raphson algorithm combine with Matlab 0 2

optimization toolbox for a constrained optimization problem. z )
Owing to an arrangement of the magnet, the flux desity is higher fi(x) = .[o M @)sin(h 6) do b =357,.. (4)
concentrate. The simple of PWM method is performedo reduce

the significantly selected harmonic contents of their-gap flux and . ) o )
density. The analytical results are in very good agement - M(0) is the amplitude of the magnetization function
comparing with classical flux concentration interic PM motor produced by the PMs.

that obtain by the FEA. Then an obtained back elecomagnetic  _ M, is the required first harmonic of the magnetizatio

force (EMF) is closed to sinusoidal waveform. . ] o
- h =357,... is a set harmonic orders to be eliminated

Inr_jex Terms—Harmonic analysis, optim‘ization, mqgnetic flux The anglesg, are defined between 0 and . Therefore, the
density, permanent magnet motor, pulse width moduléon. constraint should be added to the optimization jembas
L following below:
- INTRODUCTION 0<0,<0,<05<0,,<0 <7 (5)

Nowadays, Permanent Magnet Synchronous Motors
(PMSMs) are widely used in various industrial apptions To achieve the required objective then the functibithe

due to their inherent advantages of high power iens ysitiong should be had a radial flux density of the form
compactness, high efficiency and high performanceed

system [1]. Numerous investigations are attemfiechprove - .

the output performance of the PM motors such aglivin By (6) = B Sin(p6) ©
inductances, stator losses or by acting on magneiguration wherep is the pole number anBy, is the desired amplitude of
[2]-[5]. Indeed, the back-EMF harmonic is dependedany the flux density.

parameter such as magnetization, magnet, air-gaginating T

type if the back-EMF waveforms contain importantrhanics, MOTOR SPECIFICATIONS

poor performances are obtained.

In this paper, a topology of flux concentratioreior PM Parametel Unit Value
tor is considered. The design process is empdadiar Number of pole i 8
m.o L ’ 9 ,p . . Number of slot - 24
eliminating a selected set of undesired harmonycethnique Maximum stack length mm 51.4
of PWM that well known in power electronics. Internal diameter mm 40
External diameter mm 146
Magnet Type - NdFeB
Iron core type - XC10
II. PRINCIPLE OF THEPWM-DESIGNMETHOD
The main idea is to use PWM technique in the design STATOR
process of flux concentration interior PM  motor. A
preliminary design has focused on the harmonids@tource 0 ’_‘ .o h”I ’_‘ 7T P
field (magnet) that it is important for reducingetfow-order ! [ - dlec
harmonics of the back-EMF. Assuming that the shafpthe « 1IN i .
air-gap flux density function is similar to the PWaveform bl 0, 0, 0, 0, 0.0, E
which is applied on the iron pole is illustratedRig. 1. The E,J )
obtained angles are gathered in the form of vectyr solving g ROTOR g
a constrained optimization problem. In order toveothe

problem it should be defined the conditions afell
Fig. 1. A set of PWM waveform is applied over ordep



IIl.  APPLICATION TO A FLUX CONCENTRATION PM MOTOR

In this section, the previous presented methodpiglied
which is called PWM-Flux concentration interior Pidotor
(Fig. 3) by acting on the iron surface of rotor wlo
parameters are given in Table I. The objectiv®isetluce the
required harmonics of the air-gap flux density. Ta&ulation
results of flux line and spectral analysis of gap flux density
with the design technique of PWM are illustratedrig. 2-3
that compared with the topology is called classiflak
concentration interior PM motor (Fig. 2). It can $een that
the desirable harmonics : 7th, 11st and 13rd Haeen
strongly reduced.
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Fig. 2. Classical Flux Concentration Interior PM tglo
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Fig. 3. PWM-Flux Concentration Interior PM Motor

IV. PERFORMANCE OF THE FLUX CONCENTRATION PM MOTOR

This section is shown the behavior of the PWM-Flux
concentration PM motor. In order to highlight tH&eet of the
proposed method, the back-EMF waveform is illustiaisee
Fig. 4) that closed to sinusoidal waveform. Thenta@rics
distortion percentage of classical topology is 8R%vhile
PWM-Flux concentration interior PM motor is 0.2265.
Therefore, it can be confirmed that PWM-Flux corication
interior PM motor is more efficient than the clasditopology.
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Fig. 4. Comparison of the back-EMFaveform
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V. CONCLUSION

The use of specific technique which reduce the baics
content of the flux density in the air-gap allowshigving
almost sinusoidal waveform of the back-EMF that are
satisfied. It manifests that the THD percentag®@fM-Flux
is decreased about 18.56 %. The results are fuathalyzed
using FE as an optimization problem is defined solded.
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