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Introduction

This pper dedswith the dress andyss of the link and the rator vibration caused by the dectromagnetic
forcesfor Interior Permanent Magnet type Synchronous Mator (IPM). Astheincrease of energy dendty gives
riseto noise and vibration in e ectromagnetic devices, the performance of abrushless motor isdeteriorated.

ThelPM has one disadvantage of wesk mechanicd sructurein smal sze of the link width whileit hasan
advantage of high power per volume. Thus the Sze of link width should satisfy both high performances of
the motor and the stable sructure in mechanica strength So the prediction of the mechanica behavior and
the exact calculation of the electromagnetic force are required at its design stage.

Analysis Flow

The procedure of the vibration caculation can be divided into eight steps as shown in FHg. 1. FHg. 2(a)
shows the cross section of andysis modd and FHg. 2(b) shows the magnified sructure of the link having
7.125[mm] length, which kegps permanent magnet from the rotor under operating. The permanent megnet is
buried into the rotor.

Hrd, in order to cdculate the accurate dectromagnetic force acting on the surface of thelink, theevauation
of the exating force is done by usng the method of the Equivdent Magnetizing Gurrent [1]. The dress is
andyzed by andyticd method, and whose andyss modd is abeam fixed a both ends [2]. In addition, the
natural frequency and mode shgpe are Smply andyzed by usng Trandfer Matrix Method (TMM) because it
takes long time as well as a great amount of expense to andyze the rotor vibration by usng 3-D FEM. Inthe
andyss modd to gpply this method, each point induding discrete lumped mass replaced by distributed mass

is connected by fidd with diffness [3].
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Fig. 1 Vibration and stress andysis flow Fg. 2 Andyss modd
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Colclusion

Fig. 3 shows variation of the dectromagnetic force that is radid force acting on the link with changing in
dot width. The locd force of radid direction is cdculated & current angle 9C°. The increase in dot width
causess the increase of the radid force ad wave deformation. Hence, it indudes many harmonics Fromthe
resultsof Fig4 and Hg. 5, asthelink width is decreased, the stress tends to be increased noticegbly. This leeds
to undable dructure which in, in tun, caused by the load of magnetic force while the magnetic torque is
increased. InFHQ. 5, the dressat both ends marks higher then that from any other place. So thelink Sructure at
both ends becomes wesker than that in the center. When the sressfor the link width 1 [mm] is compared with
asheat of core tendle srength vaue 363[Gpd|, the safety factor is only 2.115. Thisfigure represents undable
mechanica sructure of thelink. Fg. 6 shows the mode shape a sacond mode with 1176.4[Hz]. The returd
frequency of analyssmode used asaway of TMM is respectively 462.26, 1176.4 and 3584.4[Hz].

To veify the vdidity of the resuit, the rotor’ s modd testing will be done. These results might be compared
with harmonics of the radia force leading to vibration.
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Fig. 3 Radid force acting on the link according to Fig. 4 Torquevs. current anglefor variation
dot width a point C of Fig. 2(b) of the link width
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Fig. 5 Stressdidribution in the link Fig. 6 Second mode shape of the rotor
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