
  

Abstract—In Line start permanent magnet synchronous motor, 

eccentricity is a common fault that can make it necessary to remove 

the motor from the production line. However, because the motor may 

be inaccessible, diagnosing the fault is not easy. This paper presents 

an FEM that identifies different models, static eccentricity, dynamic 

eccentricity, and mixed eccentricity, at no load and full load. The 

method overcomes the difficulty of applying FEMs to transient 

behavior. It simulates motor speed, torque and flux density 

distribution along the air gap for SE,DE, and ME. This paper 

represents the various effects of different eccentricitiestypes on the 

transient performance. 

 

Keywords—Line Start Permanent magnet, synchronous machine, 

Static Eccentricity, Dynamic Eccentricity, Mixed Eccentricity. 

I. INTRODUCTION 

IGHefficiency, improved power factor and enhanced 

torque density of line-start permanent magnet 

synchronous (LSPMSM) motors make them superior 

alternative to induction motors in many constant speed 

applications such as fans, pumps and compressors, comprising 

a considerable portion of the total electric motors applications. 

In industries and academic world, LSPMSM have received 

more attention in the last years [1]-[21]. A new requirement 

can be achieved by the use of it. Due to its high efficiency, high 

power factor, and its ability to self-start from regular fixed 

frequency supply, it became competitor to the squirrel cage 

induction motor. [4]-[7].The functioning of the LSPMSM is 

characterized by two operation modes:The synchronous 

operation mode at steady state and the asynchronous operation 

mode at starting and transient [18].The synchronizing process 

has been studied and the steady-state characteristics are 

measured for different values of the output power [1],[3],[11]. 

Eccentricity faults are among common types of faults in 

LSPMSM, they have effects on magnetic behavior of the 

motor. Damage to the mechanical elements of the motor such 

as bearing, and gear box is considered as a sort of the 

mechanical faults. About (50% to 60%) is the probability of 

these types of faults. Bearing fault about (40%-50 %) and 

eccentricity is about 60 % [22]-[24]. 

Existing of no uniform air gap between stator and rotor is a 

result of eccentricity, where there are Static Eccentricity (SE), 

Dynamic Eccentricity (DE), and Mixed Eccentricity (ME). In 

static eccentricity (SE), the rotational axis of the rotor 
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coincides with the symmetrical axis, but it displaces from the 

stator symmetrical axis. In dynamic eccentricity(DE), the stator 

symmetrical axis coincides with the rotor rotational axis,but the 

rotor symmetrical axis displaces. The static and dynamic 

eccentricities tend to coexist and in reality mixed eccentricity 

must be considered. In this case, the center of rotor, the center 

of stator, and the center of rotation are displaced with respect to 

each other. In the three cases air gap distribution is no uniform 

around the rotor and also time variant. Fig. 1 shows the cross 

sections of the LSPMSM with normal healthy machine and 

different types of eccentricities. 

 

 

Fig. 1 LSPMSM with different eccentricities 

II. FEM MODEL 

Maxwell FE software is used to create the transient model of 

the machine. Where, in Fig. 2, it shows the 2D cross section 

FEM of the studied LSPMSM. The example of LSPMSM is 

550 w, 4poles, V=220 volt, 3 phase, Y connection, 1500 RPM. 

It is main design data and the finite element 2D model in Table 

Iand Fig.2. Where, the time-dependent magnetic equations for 

Maxwell FE software are used. 

A. Static Eccentricity (SE) 

Due to the symmetrical in the machine, the lower half 

eccentricity is studied only for SE. Fig.3 shows the positions of 

different cases of SE, while Table II shows the coordination of 

different cases of SE. where we have two regions of static 
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eccentricity, inner region for S1 to S5, and outer region for S6 

to S10. 

B. Dynamic Eccentricity (DE) 

In dynamic eccentricity, different models are studied, where 

the rotor origin is changed each time. Where

regions of origin location.Inner region is 

region is D5 to D8. As shown in Fig. 4 and the coordinates are 

in Table III. 

C.  Mixed Eccentricity (ME) 

In dynamic eccentricity, different models are studied, and in 

mixed type, it is mixed between SE and DE. Where

effective cases in SE mixed with the most effective cases in DE 

to create the ME. Fig 5 and the coordinates are in 

Where, we have 2 regions of origin.Inner 

and outer region is M5 to M8. 

 

Fig. 2 2D Finite element model

 
TABLE I 

LSPMSM DESIGN PARAMETERS

Design parameter 

Number of stator/rotor slots 

Outer diameter of stator 

Inner diameter of stator 

Air gap length 

Axial Length of stator core 

Thickness of magnet 

Magnet material 

Stator resistance 

Stator leakage inductance 

 

TABLE II 
THE COORDINATES OF DIFFERENT SE

Models of SE Origin of rotor and rotation (mm)

S1 

S2 (0.1,

S3 

S4 (-

S5 

S6 

S7 (0.3,

S8 

S9 (-

S10 

 

and outer region for S6 

In dynamic eccentricity, different models are studied, where 

h time. Where, we have 2 

region is D1 to D4 and outer 

4 and the coordinates are 

In dynamic eccentricity, different models are studied, and in 

type, it is mixed between SE and DE. Where, the most 

effective cases in SE mixed with the most effective cases in DE 

to create the ME. Fig 5 and the coordinates are in Table IV. 

.Inner region is M1 to M4, 

 

model 

ARAMETERS 

Value 

24/20 

120 mm 

75 mm 

1 mm 

65 mm 

3 mm 

NdfeB30 

10.06 Ω 

0.00350831 H 

SE MODELS 

Origin of rotor and rotation (mm) 

(0.2,0) 

(0.1,-0.1) 

(0,-0.2) 

-0.1,-0.1) 

(-0.2,0) 

(0.4,0) 

(0.3,-0.3) 

(0,-0.4) 

-0.3,-0.3) 

(-0.4,0) 

Fig. 3 Positions of different cases of SE

TABLE 
THE COORDINATES OF 

Model of DE 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

 

Fig. 4 Positions of different cases of DE

TABLE 
THE COORDINATES OF 

Model of ME Rotororigin

M1 

M2 

M3 

M4 

M5 

M6 

M7 

M8 

 

of different cases of SE 

 
TABLE III 

OF DIFFERENT DE MODELS 

Rotor Origin (mm) 

(0.2,0.2) 

(0.2,-0.2) 

(-0.2,-0.2) 

(-0.2,0.2) 

(0.3,0.3) 

(0.3,-0.3) 

(-0.3,-0.3) 

(-0.3,0.3) 

 

of different cases of DE 

 
TABLE IV 

OF DIFFERENT ME MODELS 

Rotororigin Rotation origin (mm) 

D1 (-0.1,0) 

D2 (-0.1,0.1) 

D3 (0.2,0) 

D4 (0.2,0) 

D5 (-0.2,0) 

D6 (-0.2,0.2) 

D7 (0.2,0) 

D8 (0.1,-0.1) 
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Fig. 5 Positions of different cases of ME

III. NO LOAD TEST 

The no load performance is tested by applying 3 phase 

supply, 50 Hz, Y connected, with TL=0.0, and for healthy 

machine and non-healthy machine for all cases, SE, DE, and 

ME. 

A. No Load Speed 

For a speed, the no load static eccentricity (NLSE) has no 

big effect on the speed, for both over shooting and settling 

time, as shown in Figs. 6 and 7. 

While for no load dynamic eccentricity (NLDE)

and9, it has big effect on the transient over shoot speed, and the 

settling time. It is increased from 100 ms

worst case is D8 as shown in Fig.9. 

For no load mixed eccentricity (NLME), as shown in Fig

10 and11, the settling time has no change, while the only effect 

is shown in the transit over shooting speed, where the inner and 

outer region of NLME cases have effect on the transient over 

shooting only. 

B. No Load Flux Density 

For studying the flux density distribution over the contour on 

the middle of the air gap, as shown in Figs

that, the inner region for NLSE has slightly e

density distribution, while the outer region of NLSE has big 

effect on the flux density distribution, where the air gap 

reluctance is not uniformly and the flux density is not 

uniformly distributed, as shown in Figs.12 and13.

 

Fig. 6 No load speed for SE (the inner group)

 

 

of different cases of ME 

The no load performance is tested by applying 3 phase 

supply, 50 Hz, Y connected, with TL=0.0, and for healthy 

machine for all cases, SE, DE, and 

For a speed, the no load static eccentricity (NLSE) has no 

effect on the speed, for both over shooting and settling 

While for no load dynamic eccentricity (NLDE) in Figs.8 

, it has big effect on the transient over shoot speed, and the 

It is increased from 100 ms to 200 msec. The 

For no load mixed eccentricity (NLME), as shown in Figs. 

10 and11, the settling time has no change, while the only effect 

is shown in the transit over shooting speed, where the inner and 

NLME cases have effect on the transient over 

flux density distribution over the contour on 

s.12 to15, it is shown 

that, the inner region for NLSE has slightly effect on the flux 

density distribution, while the outer region of NLSE has big 

effect on the flux density distribution, where the air gap 

reluctance is not uniformly and the flux density is not 

.12 and13. 

 

the inner group) 

Fig. 7 No load speed for SE 

Fig. 8 No load speed for DE 

 

Fig. 9 No load speed for DE 

 

For NLDE, the outer region has a big effect in distortion the 

flux density distribution, as shown in Fig.14. While for NLME, 

because,it is combination from NLSE and NLDE.

For NLME, the flux density distortion is less than the 

NLDE. Analytical analysis of flux density effect for all the 

types is shown in TablesV-VII

is changing from -0.2% to 23

has great effect as shown in 

from 16% to 36%. As found in the speed 

has less effect than NLDE, and higher than NLSE

average flux density is changing from 8.5% to nearly 19.7%. 

This is because the dynamic eccentricity effect is reduced by 

the static eccentricity effect. 

For No load torque, three different cases are studied 

together, which are S8, D8, and M8 from the outer region. 

 

Fig. 7 No load speed for SE (the outer group) 

 

 

No load speed for DE (the inner group) 

 

No load speed for DE (the outer group) 

For NLDE, the outer region has a big effect in distortion the 

density distribution, as shown in Fig.14. While for NLME, 

is combination from NLSE and NLDE. 

For NLME, the flux density distortion is less than the 

NLDE. Analytical analysis of flux density effect for all the 

VII. For NLSE average Flux density 

0.2% to 23% for case 8. And for dynamic, it 

has great effect as shown in Table VI, where it is changing 

s found in the speed response, the NLME 

and higher than NLSE.Where, the 

average flux density is changing from 8.5% to nearly 19.7%. 

This is because the dynamic eccentricity effect is reduced by 

For No load torque, three different cases are studied 

together, which are S8, D8, and M8 from the outer region. 
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Static eccentricity has no visible effect on the transient torque, 

while dynamic and mixed eccentricity has

the torque performance, as shown in Fig 16.

 

Fig. 10 No load speed for ME (the inner group)

 

Fig. 11 No load speed for ME (the outer group)

 

Fig. 12 Flux density distribution inside the air gap for NLSE (inner 

region) 

 

Static eccentricity has no visible effect on the transient torque, 

eccentricity has more distortions on 

rmance, as shown in Fig 16. 

 

No load speed for ME (the inner group) 

 

No load speed for ME (the outer group) no load torque 

 

distribution inside the air gap for NLSE (inner 

Fig. 13 Flux density distribution inside the air gap for NLSE (outer 

region)

Fig. 14 Flux density distribution inside the air gap 

region)

Fig. 15 Flux density distribution inside the air gap 

region)

IV. LOAD 

Load analysis is studied under different cases for 

eccentricities, which are S8,D8, and M8, which considered the 

worst case of eccentricity as proofed from the no load analysis. 

Table VIII shows the percentage increase of speed with 

different types of eccentricities, where SE has nearly no effect 

of the speed and the settling time. While DE and ME has 

damping effect on the max over shoot speed, where it is 

reduced by 14.5 % in DE and 20.8 % in ME. That means the 

load has damping effect on the DE and ME. Fig

load performance for the three different types of eccentricities 

comparing with the normal one. DE and ME have effect on the 

starting torque, which is reduced from 15 Nm to nearly 9 Nm, 

 

distribution inside the air gap for NLSE (outer 

region) 

 

 

distribution inside the air gap for NLDE (outer 

region) 
 

 

distribution inside the air gap for NLME (outer 

region) 

OAD TEST 

Load analysis is studied under different cases for 

eccentricities, which are S8,D8, and M8, which considered the 

worst case of eccentricity as proofed from the no load analysis. 

shows the percentage increase of speed with 

ntricities, where SE has nearly no effect 

of the speed and the settling time. While DE and ME has 

damping effect on the max over shoot speed, where it is 

reduced by 14.5 % in DE and 20.8 % in ME. That means the 

load has damping effect on the DE and ME. Fig. 17 shows the 

load performance for the three different types of eccentricities 

comparing with the normal one. DE and ME have effect on the 

starting torque, which is reduced from 15 Nm to nearly 9 Nm, 
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where SE has no effect on the torque performance. Also 

and ME have more repels on the steady state torque

causes noise.The Rotor position at 60 msec is in Table 

normal and static case, the position is nearly the same, while in 

DE and ME there is delay in position. 

 

Fig. 16 No load torque in different cases

 

Fig. 17 Load speed at different eccentricities

 

Fig. 18 Load torque at different eccentricities
 

TABLE V 

FLUX DENSITY ANALYSIS OVER THE AIR G

Normal average density is 0.4853 T,and max flux density is 1.21T

Model Average flux density(T) Max (T)

Case 1 0.492281 1.64

Case3 0.503106 1.41

Case5 0.484304 1.418

Case8 0.561066 

Case9 0.594636 

Case10 0.532368 

 

 
 

 

 
 

where SE has no effect on the torque performance. Also DE 

and ME have more repels on the steady state torque, which 

causes noise.The Rotor position at 60 msec is in Table IX. For 

normal and static case, the position is nearly the same, while in 

 

different cases 

 

different eccentricities 

 

Load torque at different eccentricities 

GAP FOR NLSE 

Normal average density is 0.4853 T,and max flux density is 1.21T 

Max (T) % 

1.64 1.43471044 

1.41 3.66507373 

1.418 -0.20904102 

2 16.0464670 

2 22.9634617 

2 10.133143 

TABLE 

FLUX DENSITY ANALYSIS 

Model Average flux density (T)

D5 0.5631738 

D6 0.6070828 

D7 0.6607360 

D8 0.613965 

 
TABLE 

FLUX DENSITY ANALYSIS 

Model Average flux density (T)

M5 0.52699607 

M6 0.581241813 

M7 0.553121528 

M8 0.565532364 

 

TABLE

PERCENTAGE INCREASE 

Case Overshoot (rpm)

Normal 

Static 

Dynamic 

Mixed 

TABLE

ROTOR SPEED AND 

Type Normal 

N (rpm) 1493 

θ(deg) 498 

V. CONCLUSION

A diagnosis of the eccentricity of LSPMSM by using FE,

very successful in analysis and observes

distribution and transient performance. By using FE model, it 

is very sensible to simulate the three different types of 

eccentricity with the non-linearity

which are, SE, DE, and ME. Where

them in practical. FEM concluded that, the outer region of SE 

(S6 to S10) has sensible effect than the inner region of SE (S1 

to S5). DE has a big effect on the speed over shooting, settling 

time, and the flux density distribution. ME

SE, and DE effects. In load condition, SE has no effect, while 

DE is still having the main dominate effect. Load effect has a 

damping effect on the eccentricity, which reduces the effect of 

Eccentricity to be less than the no load 
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