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In this study, we present an analytical model for the permanent magnet synchronous machines (PMSM) in which rotor eccentricity is applied. We e — = 'E cu '§_..
simplified the analysis model through several assumptions and modeled the magnetization. Based on electromagnetic field theory and the perturbation e - ~ £os £ i - }.-
theory, the governing equations were derived in the air-gap region. Further, the relationship between the magnetic vector potential in each region and the g K 2, 2 B & ™
appropriate boundary conditions is used to obtain the undefined coefficients to derive the magnetic flux density characteristics in each region. The validity Sas £ 3 _:l wal 3.
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of the analytical results was verified by comparing them to the results of the two- dimensional finite element analysis (FEM) and experiments. = g 3 — i g — s s i, § -
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. . . Fig. 3. (a) Flux density in air gap without the rotor Fig. 4. Flux density in air gap region for 25% Fig. 5. The harmonics of the air-gap flux density
Table 1. Specification of the analysis model eccentricity, (b) Additional flux density according to the eccentricity: (a) Radial direction, (b) tangential according to the eccentricity ratio: (a) Radial direction,
Value (umt) Value (llmt) rotor eccentricity ratio. direction. (b) Tangential direction.
Pole number Slot number > Fig. 3(a) and (b) show the flux density without the rotor eccentricity and > It can be confirmed that the analytical results good agreement with FEM
R 47(mm) Ry 43 (mm) additional flux density according to the rotor eccentricity ratio. results in Fig. 4.
R, 38 (mm) B 1.28 (T) > The magnetic flux density due to the eccentricity can be derived by adding the > Fig.5 indicates the harmonics of flux density in air gap region according to the
#4; (magnet) 1 Turn 60 magnetic flux density and the change in magnetic flux density according to eccentricity ratio.
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09 - 025 > Fig. 4 is the flux density in air gap region for 25% eccentricity. as the eccentricity ratio growing.
Fig. 1. Permanent magnet machine: FE Analysis and prototype model : :
» Fig. 1 shows FE analysis and prototype model. » The FE analysis model is simplified through several assumptions to ;; ;; 45 el el sl 45 ol i)
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e ng x (H Hz) 0 (6) Fig. 7. Analysis results for back-EMF: (a) ec = 0, (b) ec = 0.25. Fig. 8. Analysis results for Torque: (c) ec = 0, (d) ec = 0.25.
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! 0 ot g 0ir g 4) % Magnetic field density in air-gap region € P > In order to find back-EMF, it is necessary to know 3 Fig, 7(a) and (b) shows the back-EMF at ec = 0 and 0.25.
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Aa(r0:¢) 2 (n0)+ ez (o) + @ ® - Y £ap reg < Back-EMF the magnetic flux linking the coil using equation (8). > Fig. 7(c) and (d) indicate the torque when 7 A is
< Governing equation = Z A[ATr +B,rJcos(q0) do > The back-EMF can be found using Faraday” law. applied at ec = 0 and 0.25.
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Fig. 2. (a) Simplified analytical model, (b) The stator and rotor Pl A;") 1 5Ai°‘ q 14,GM sin(q9) q+1)(Y rd +Z]r’“’2)cos[ q +1 €—¢] < Electro magnetic torque They should be calculated individually by a proper » The analytical results are compared with the FEM and
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> The simplified analytical model and analysis area can be defined as shown in > The rotor eccentricity can be treated as one kind of perturbation phenomena. In this paper, the magnetic field characteristics the electromagnetic variation of the PMSM are analyzed according to the rotor eccentricity. In order to
Fig. 2(a) for the mathematical modeling. » The governing equations applied with perturbation theory in each region are apply the analytical method, a simplified analytical model is presented, and the governing equations and general solutions are obtained using the
> It consists of an air-gap region (Region I) and a PM region (Region II). expressed by the equation (4). magnetic vector potential and the polar coordinate system. According to the rotor eccentricity, the relationship between each coordinate system is
> The stator and rotor coordinate system is shown in Fig. (b) to explain the ~ > Substituting equation (4) and ¥ X A=B into equation (6) can be derive the summarized using the coordinate system about the center of the stator and the rotor. The variation of magnetic field due to eccentricity is considered
coordinate transformation boundary conditions in each region. through perturbation theory, and the undefined coefficient is derived through appropriate boundary conditions. We confirmed the additional harmonics in
R X : i > The general solutions are obtained according to the governing equation (5) flux density, back-EMF, and electromagnetic torque according to the rotor eccentricity. Such analytical solution may be helpful for analyzing the
> The réla“omh'p between each coordinate system can be expressed as follows € . e 8 e electromagnetic influence of the variation of magnetic field due to rotor eccentricity. The results obtained through the analytical method were verified by
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The magnetic flux density in air gap region is expressed by equation (7).




