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Ahstract

In thiz paper, the radial force acting on swface of
the lirk of Interior Permoanent Dlagnet  type

grnichronous mota(TPLD) was calolated by
Equivalent DMlagnetizing  Currerd{ERMCY  and  the
harmorics analyzed by Digcrets Fowier

Transform(DFT). Additionally mathematical modelling
of the link for the mechanical characteristic is
modelled as supported beam at both end. Iode
ghape and nataral frequency is determined.

& TPM has a adwvantage of high power per volume,
bt it has a weaken mecharical structure in the link
The am of this study is to calowate reliable exciting
force and characteristics of mechanical struchwre in
the link of IFI.

1. Introduction

Compating the brushless motor with the other motor
haz maty merits, demand of a IPM steadily iticreasze
in Al around induostty which use control and power
machines. Developing new taterial of  permanent
magnet  and  techmnical improvement  show  the
tendency to accomplish high pefformance and light
goods. Accordingly, increase of high energy density
gives tize to a noise and wibration s0  the
petformance of a motor iz deteriorated.

The source of a noize and viteation can be classified
electromragnetic  and mecharical origing In case of
formet, electromnagnetic force in electric machines
ocos torgue of a motor, and execiting force become
tadial forece acting oh stator which  produces a
wibratiotn, Specially,  if the frequency of exciting
foree iz in the near of frequency band of natural
frecuency of a structre, a mechanical structare get
highly wibration due to resonance. Henece it recuace
lifetime of a motor and iz transferred to objects in
close system. The noize iz and audible sound with
haz an unpleasant effect on human beings

The methods for the force calodation can be
clagsified into several methods It iz the NMaxwell
stress, wirtual work  prineiple, ERMC  and magnetic
moment method In generally, Mawwell stress method
by Finite Element Llethod(FEM) has different resilts
of force according to the integral path If the

integral path of DWlawwell stress s chosen  wery
clozely to the iron-alr suface, the error on force by
elements 15 refined Howewer it 15 a tedious task and
orie do not has reliability [1]

The EMC method that magnetizing compotent of
magnetic core is replaced by EMC. On the other
hatd, the lnk of a IPM can cordribate to designed,
the link must be considered to bhe due to a
shortcoming of mechanical weakness.

In this paper, the EMC method used for evaluating
vatiaticnn of force calouwlation acting on the sauface of
link according to teeth width, The model of link is
presented by simply bean, atd mode shape, natural
frequency is studed.

2. Analysis of Exciting force

2.1 Calculation procedure

The magnetic field iz obtained by caleulating FEM,
and force distribution acting on swface is calowated
by ERIC. Next, it is compared harmoric of exciting
force by using DFT with natwral frequency. The
process of analysis by using EMC are shown in
Tahle 1.
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Wihet e X iz Magnetic wector potential, 1F iz the
magnetization, g iz the magnetic permeability of
varmmn, g is the magnetic permeghility of cote.
Fig. 102 iz cross section of model to analysis of

IPM by using FEM. Fig. 1.0b) show structure of the
link.
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Fig. 1 cross section of IPM and link

23 Equivalent magnetizing current

Fach elements shown in Fig2 have different
material.  Dlagnetizing  current  exists on  element
bt der-line.
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Fig. 2 magnetizing cwrent between two material

The irterior moagnetizing cutrent in core is cancelled
so magnetizing current only distribute on the element
sutface of different m aterial.

The current [, on the line forming element &,
and ey i Figd can be expressed as follows
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The equation (2) substitute the egquation (3), o
simplicity, we obtain currert T, on the line 3§
with length [; become equation (4).
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2.4 Radial force in the link
The force on the length [; with current distribution
by Lorenz's law is follow ecuation

fi;i = I Bag (3
Where the san of the external field due to sowce
and the self field due to the magnetizing cwrent in
care is B_, Flix density walue of B_, is given as
the average walue for each element[1],[3]

2.5 Analysis of frequency
The radial force acting on satface of the link iz
expanded by DFT that follow equation (8.
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Where N iz one periodic of the radial force

3. Vibration analysis in Link

Agmuning an object iz wery small mass element of
nfitite distritnte all structore of an body. Each of
nfitite mumber of points of system have multidegree
of freedom systern. This distrituate parameter system
iz andyzed by analytic  method. The -Abration
atnialysis model is like following Fig 304 which is
supported beam at both end
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Fig. 3 witvation analysis model

It iz asmurned that rotor core is rigid body except
the link, and link mass is wvety smaler than rotor
mass for modelling the link

Displacement sw(x, & of the link movement has



petpendiodar  at length  direction.  Exciting force
applied uniformly to length | Disregarding  shear
deformation governing equationn of beam is given by
equation (77.[4]
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Where s is displacement in v axis , SUx) is area

in link, g iz density of core F iz Voung's

moddus  J{x) is the moment of inertia of the

beam cross session about o oaxis

To analysis of exact solution by using separaticn of

variables, the assumption of analysis model are

foll oaring

o & uniform and thin beam along length,

o hlaterial of beam consist of linear, isotropy,
homogeneous and elastic.

cIgnore  effect of shear deformation and rotasy
inertia.

The free wibraticn solution can be found using the

method of separation of variables, so indtial condtion

for fixed both end iz as follow.
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For free wvibration f(x, =0 and EI(x), S(x)is

cornstant, so the solution of motion from  inbal

cotdiion hecom es.
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Where iz natural frequency.
Tahle 2 shows plysical coefficient to analysis of
wibration.

Takle 2 Physical coefficient

Y oung s 058 length of 7.31
m odulus [GFa] the link [tum]
. Taal area of 0% 0o
core density . 7
[kgfm3] the link [mm ]
momert of 3.316*10™
itertia [m+]

4. Discussion of results

The local fotce of radial direction caloated at load

angle 90° which act on maxitmwn attraction force in
the lnk and armabare cwerernt is TO[A]  at  the
moment The excited force on the suface of the link
iz calouated at three position in A, B, C as shown
Fig 3(a). 3lot pitch of anslysis model dimension is
10297 [tnim ]

Fig. 4 shows wvariation of excited force according to
change of slot width and also represents radial force
disgtritntion as time-dependent function. The reason
why the radial force act ofn moacdmum  at point ©
that the flier density of poirt C iz maximom due to
nonlinear in link, thus point © dlustrated moavimum
stress point The more slot width increasze, the more
radial force decrease, and increase half periodic time.
Fig 5. represerdts the spectnum  analysis by using
DFT. The mote slot width itwcrease, the thote wawve
deformation  inerease and incdude much harmordcs
A oong points of the link, the force of point & has
matty harmonics than other points.
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Fig. & spectrum analysis of radial force

Fig 6. represents mode shape of the link from exact
soluticts, Mommalized mode shape iz obtaned by
orthogonal  characteristic of  mode.  Mathematical
expression of the equation is following equation (9

i
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Since the mass and damping ratio iz smal, the
natural  frequency of low  order mode iz high
frecuency as shown in Table 3

length
Fig & anslysiz of mode shape

Takle 3, natural frequency

mode freq, mode freg
1 2815 [kHz] 3 16214 [kHz]
Z 7760 [kHz] 4 37569 [kHz]

When the rotor rotated o T500[rpm] with 36 stator
glat, the frecquency of the radial force is &7 .5[kHz]
for the 15th harmonics The result of this walue iz
far from the nabwal frequency And the safety
cpetaticty is possible in mechanical aspect.

5. Conclasion

In this paper, it is evaluated by the method of ELIC
that exciting force acting on the link suface of a
IFM. Effect of teeth width on harmonics of radial
force distritation is explained. The mode shape and
ratural  frequency  in the link iz caledated by
utilizing beam model. and the results of the natural
frequency are compared with harmomc of radial
force.
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