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Abdract —Thepurposed thispaper istoanalyzethetrangent responsedf rotor
duetounbalancedectromagneticforcefor Switched RdudtanceMotor (SRM).In
order to reduce vibration of SRM, it is necessary to predict the mechanical
dynamic behavior of rator-bearing sysem. So the arbital of rotor according to
rotating goead isanalyzed by usng the combined methododlogies of Finite Element
Method (FEM) and Transfer Matrix Method (TMM), and unbalance force
induced by dynamic ecomtridty is calculated by the Maxwell Sresstensor. From
theresult, thestability of therotor and effect of eccentricity aredetermined.

INTRODUCTION

Gengrdly, the SRM is a Bstinating machine with dl kinds of
interesting gpplication possibilities because it has many advanteges
such as the possibility of high-speed operation and smplicity of
mechanical congruction. However, the most striking disadvantages
of SRM ae high leve of the vibration and torque ripple. The
evduation of the aove problems is very important because of the
stability of dectric motor resulting from high vibration. There are
many possible sources of vibration and noise in SRM, such as the
relaionship between magnetic and mechanica origin. The dominant
source is radid deformation of the stator and dynamic rotor
eccentricity due to radid megnetic attraction. This phenomenon is
srong when the frequency of exciting force coincides with the
natura frequency of stator androtor[ 1, 2]. Thispaper focuses onthe
rotor eccentricity caused by unbalance force.

The eccentricity causes a force on the rotor that tries to pull it
even further from the stator bore center, the dynamic eccentricity
produces an unbaanced megnetic force that acts on the rotor and
rotates a rotor with rotationa velocity. The sources of vibration
associated with the eccentricity cause excessve stressof themachine
and deteriorate performance of SRM. Therefore, it is hecessary o
monitor rotor eccentricity to prevent serious operationa problems.

Thispaper proposes the procedure of orbital analysisof rotor for
SRM by using combined time domain finite d ement transfer matrix
method, namely Trangent Property Transfer Approach (TPTA) [3].
In case of FEM, the size of asystem matrix is proportion to Degree
of Freedom (DOF) of thewhole system. Therefore, it takes alot of
time andexpenseto compute. TMM isindependent to thetotal DOF
%0 it can have the fixed matrix Size and reduce the computing time.
On the other hand, TMM is difficult to andyze complex structure

and isinadequate to regard instantaneous behaviors.

Transent responseat each node point has been obtained by using
TPTA equipped with the merit of TMM and FEM . Fig. 1 showsthe
andysis procedure of transient response of rotor for SRM due to
unbalance magnetic force

THE ANALYSISMETHOD
Analysis model and structure

Table | presentsthe specification of 6/4 SRM.
Table |. Specification of analysis model

Item Vdue Item Vdue
Rated power 1 (kw) Rated speed 2000 (rpm)
Stack length / Rotor
No. of gtator / rator pole 4/6 diameter ratio 1.3

Unbalance force
The governing equation of the megnetodtatic field problem with
magnetic vector potential A isgenerally expressed asfollows:

nNZA =J 1)

where n isthe magnetic reluctivity of core, Jisthegoplied current..

The flux distribution is obtained by solving equation (1). The
surface force dengity derived from the Maxswell stress formulation
has the following expression.
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Fig. 1. The analysis procedure
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Fig. 2 Rotor-bearing system of the SRM

Fs =[H1(ByXn,) - (BiH1/2)ny,]

(2
- [H2 (B xyp) - (BoH,/2)ny,]

where H; is the magnetic fidd intengty, B;is flux density of surface
element adjacent to boundary and ny is unit normd vector in the
direction fromregion 2 to 1.

Orbital analysis of rotor [3]
Fig. 2 shows Rotorbearing system of the SRM to andyze
transient response with TPTA. Based on this finite element modd,
the matrix eguations of motion for the element can bewritten as

[MI*{EO}° +[CI{ At} +[KI{a(t}® ={F(}° (3)
where [M]%, CI° and [K]° are the element mass, damping and
stiffness matrices (8 by 8), respectively.

The accdertion and velocity of the discrete time TMM
expressed as displacement g, in time instant t; is following:

qn(ti )= An(ti )qn(ti )+ Bn(ti ) 4

Qn(ti ): Dn(t| )qn(t| )+ En(ti ) (5)
Subdtitution of the equation (4), (5) into equation (1) isfollowing
equation (6).

10, 0 J'[' KK Ki S, u|q1u

| | - - | |

i foy=iky - KKKy KpKi s, yi fiy (6

1 1p 50 0 1 -'b+ 1h
{Sh; =[F1{ Sk’ ™

The form of field matrix [F] inequation (7) issimilar totheform
of TMM. The point matrix [P] is derived by the same procedure as
field matrix.

{S}} =[P].{S}h )

The transfer matrix [T] for finite dement consist of the product
fidd and point matrix. Repetitive goplication of transfer matrix
[T1=[F][P] for eement results in the following transfer relaion for
the entire rotor bearing system.

{Shy =[T1a[Ty 20T, [T]{ S ©
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Fig. 3. Transient response orbit at middle node without magnetic force
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Fig. 4. Transient response orbit at middle node due to magnetic force

The nodd digplacement at subsequent time ingtants, which is
orhit of rotor according to a change of time, has been solved by
repetitively following the same steps.

CONCLUSION

Fig. 3 shows the transient response at the middle node of rotor
due to residua unbalance, such as mass unbaance and worn
bearings. Fig. 4 shows the transent response orhit by unbaance
meagnetic force. From this result, we take notice that the orbit without
magnetic force has a tendency period and converges to the stator
bore center. The result due to magnetic force presents complicated
orbit and grester eccentricity about 30(mm) than the eccentricity of
Fig. 4. It effects on the performance of SRM with smal airgap.
Furthermore, the orbit of rotor in near naturd frequency will be
analyzed, and the stability will be estimated.
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