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Dynamic Behavior Analysis of an Eccentric Rotor
with Unbalanced Magnetic Forces in BLDC Motors
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Abstract ~Vibration of a rotor-bearing system driven by an electric motor is a coupled phenomenon between mechanical

characteristics and magnetic origins through the air-gap.

high precision motor applications, magnetic sources of vibration are becoming more serious.

With the advent of new high-energy magnets together with

This paper investigates the

transient whirl responses of a rotor system with purely mechanical origins and compares it with that of magnetically

coupled origins.

A perturbation method is applied to model the magnetic field associated with rotor eccentricity.

Electromagnetic forces are obtained by the Maxwell stress method, which utilizes the analytical expression of radial flux
density distribution. The FEM was applied to a rotor-motor system to illustrate magnetically coupled effects in rotor

dynamics.

Brushless DC Motor, Eccentric Rotor,
Unbalanced Magnetic Force

Key Words :

LA

T

243 dyE 7iee) ST oA Giarde] s
o wet slEe 2F AE 7ol
7t#1 BLDC(Brushless Direct Current) A% 7)o 48317} o]
ez Fo WFA 4715 ZAHe Wi 5
oh dEbge g BIDC dE7IE 6 % e A &
FrAleta Aozt LojstmE, AW viAe] 758 3

4 ojgdm okt A7 AF A

o X

L

g2

7

3h- TAR AEE A AA dvkd B9y A
#e gdsl AARARL Ax FHA AR 23t oF 3
dare) B9y, SdS-d YA dFden Qs HdAs
IRA Atololm EHEY Wabviwo]l wastA ®h ol
MApz) e M $UE WA BLDC HEA
AT 2 258 2dsz, A4 % £x9 Aol Be oy
we ZU¥ch =3 BLDC dE7e A % Fo g4,
HAFe] Agslhe o spde Yoy HFEo AR
W&o} 3§ AT LAYk ol FE HEFY H AF
FEE FE HFES AAA Y Fo Y AR, AA Hol
ol 54, Aol 2Ages Y Fow dEy & Uk
olst Ze] BLDC AF7jel BE 4AFe #r R AAXL
2 44 Helsleng, AAFH AxFo HAE W]
IE® BBk BTSN L BT WESE - UiY

B Bk B TENE 9 BB YT RT
WhEEE: - 1

TE @ B Bk BB D BBEMRR BT T
ZHF 0 1999%F 64 23H

0 1999% 1071 13H

Results show that magnetically coupled sources significantly affect the vibration of the rotor-motor system.

Mechanical Force, Rotor-Motor System, Transient Whirl Response,
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Table 1 Data for BLDC motor.

Parameter(symbol) Value(unit)
Airgap length (g) 0.001m
Radius of rotor (Rm) 0.0106m
Pole pair (p) 2
Magnet remanent flux density (B;) 01T
Pole-arc/pole-pitch ratio (ap) 1
Relative permeability of PM () 1.256
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Fig. 5 Radial fiux density on the rotor surface
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