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   ARTICLE INFO       Abstract                    

In the paper, the dimension of the air gap eccentricity and the effect 

of the harmonic field considered. Also, based on this problem, the 

electromagnetic suction force acting on the rotor was accurately 

determined. Thus, it is possible to increase the structural reliability of 

the motor shaft and rotor at the design calculation stage. 

 

 

1. Main contents 

At present, three-phase asynchronous motors 

are the most frequently used electric equipment 

in various sectors of the economy.  It is a very 

significant problem to improve production 

quality while reducing the manufacturing cost 

while increasing the quality index. In particular, 

the vibration motor used for sorting of coal in 

coal mines and mines is an electric machine that 

requires vibration during the operation process, 

and the eccentricity of the rotor appears severely 

during the operation process by the action of a 

vibration balance weight. Therefore, accurately 

determining the electromagnetic suction force 

according to the size of eccentricity has been 

raised as a very urgent problem. 

So far, a simplified formula has used in the 

design of the vibration motor. Precisely, when 

the air gap eccentricity exists, the average value 

of the eccentric force acting on the shaft is 

determined and multiplied by the stability 

coefficient to determine the axis diameter. This 

method has a disadvantage with low reliability 

because of inconsideration with exactly 

electromagnetic attraction force of various 

components acting during operation. 

In the paper, the dimension of the air gap 
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eccentricity and the effect of the harmonic field 

considered. Also, based on this, the 

electromagnetic suction force acting on the rotor 

was accurately determined. Thus, it is possible 

to increase the structural reliability of the motor 

shaft and rotor at the design calculation stage. 

The electromagnetic eccentricity generated by 

the air gap eccentricity and the harmonic 

magnetic field in the vibration motor used for 

the coal sorter acts on the rotating body, causing 

the shaft to bend. The electromagnetic suction 

force acting on the rotor can be obtained as 

follows, according to Maxwell's definition. 

 

 
 2

0

,
,

2r

b t
p t





             (1) 

 

Where, 0 -Air relative magnetic permeability  

 ,b t - Air gap Magnetic flux Density function 

From Equation 1, it can see that the 

electromagnetic suction force acting on the rotor 

is proportional to the square of the magnetic flux 

density. The change function of the Air gap 

Magnetic flux Density  ,b t   can be 

expressed as follows according to time t and 

angle . 
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Where,  , t   - Variation function of Air 

gap size with time t and angle  

When the rotor is eccentric, the relative 

eccentricity of the rotor can express as follows. 
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Where, e - Rotor eccentricity, mm 

  -When =0  , the space size is uniformly 

uniform, mm 

 

Figure 1. Structure of eccentric rotor 

 

When the eccentric rotor rotates, the air gap 

changes with time t and the central angle . 

Therefore,  , t   can write as 
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Where,  1 2=R R  , mm 

1R - Stator inner diameter, mm 

2R - Rotor outer diameter, mm 

 - The central angle of the force calculation 

point in the rotation circumference, ° 

2 - Rotation angle frequency of rotor 

In Equation 4,  2= 1 cosek t       is a 

side number reflecting the eccentricity and is a 

function according to , t , . 



The air gap magnetization function in a 

regularly operated three-phase asynchronous 

motor is as follows. 
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Where,   

 ， - Stator, rotor harmonic order 

1  - Stator's fundamental wave rotation 

angular velocity, rad/s 

  - Rotor   -order harmonic wave angular 

velocity, rad/s 

  - Stator   -order harmonic wave angular 

velocity, rad/s 

0F - The amplitude of the fundamental wave 

composite magnetization force, A 

F - The amplitude of the magnetization force 

of  -order harmonic wave in the stator winding, 

A 

F -The amplitude of the magnetization force 

of  -order harmonic wave in the rotor winding, 

A 

In the case of eccentricity, air gap magnetic 

conductivity expressed as the following function. 
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When the stator and rotor have grooves, the 

result of deriving the relationship of the change 

in magnetic flux density in the air gap 

considering the haircut magnetic conductivity is 

as follows. 
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Where,   

0
 - Constant component of magnetic 

conductivity, 1/s 

1 2,k k 
- Magnetic conductivity considering 

stator and rotor haircuts, 1/s 

p - Pole pairs 

zF  - Stator tooth   -order harmonic wave 

amplitude, A 

zF  - Rotor tooth   -order harmonic wave 

amplitude, A 

From equations 1 to 7, the equation for 

calculating the radial electromagnetic attraction 

force considering the air gap eccentricity and 

harmonic wave field can express as follows. 
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Where,     

zB - The amplitude of stator tooth  -order 

harmonic wave density, T 

zB  -The amplitude of rotor tooth   -order 

harmonic wave density, T 

1B  - The amplitude of fundamental wave 

synthesis magnetic flux density, T 

From Equation 8, it is possible to determine 

the radial force acting on the rotor in an 

asynchronous motor with grooves and haircuts 

in the stator and rotor. 

 

2. Experiment results and analysis using MATLAB 

Using MATLAB, the pore magnetic flux 

density along the circumference of the rotor 

surface, the corresponding fundamental wave 

element force size, and the harmonic wave 

element force size was determined. 

Fig. 2 shows the magnetic flux density 

distribution and electromagnetic suction force 

distribution according to the central angle   in 

the rotational resource circumference calculated 

by Equation 8 when the eccentricity is given as 

10% of the pore size. 

In Figure 2, the x-axis is the central angle of 

the point where the radius direction 

electromagnetic attraction force calculated on 

the rotational circumference. 

 

 

Fig2. The distribution of magnetic flux density and electromagnetic attraction according to the 

central angle in the rotational resource circumference 

 

As shown in A) of Fig. 2, it can see that the distribution of pore magnetic flux density along 



the central angle   includes many harmonics. 

And the pore magnetic flux density varies 

irregularly due to the eccentricity of the pores. 

That is, in the section from 90 ° to 270 °, the air 

gap is smaller than the standard air gap due to 

eccentricity, and the void magnetic flux density 

increased, and in the remaining section. So, the 

air gap increased, and the void magnetic flux 

density decreased. 

In B of Fig. 2, the quantity of the 

electromagnetic suction power is distributed 

unevenly according to the distribution of 

magnetic flux density, and the resulting 

magnitude of the force increases in the section 

where the air gap reduced so that the 

electromagnetic suction force acts in one 

direction. 

Table 1 shows the magnitudes of the 

harmonic wave component force, the 

fundamental wave component force, and the 

composite component force according to the 

size of the air gap eccentricity. 

 

Table 1. The electromagnetic force acting on the rotor according to the air gap eccentricity 

e, % 

Harmonic 

component 

force, N 

Basic wave 

component 

force, N 

Synthetic, 

N 

100* Harmonic 

component force / 

Synthetic, % 

1 1.94 36.80 38.70 5.01 

5 9.72 184.25 193.98 5.01 

10 19.57 369.39 388.96 5.03 

15 29.64 556.30 585.95 5.05 

 

 

Fig3. The electromagnetic force acting on the rotor according to the air gap eccentricity 

 

As shown in Table 1 and Fig3, it can see that 

the harmonic component force among 

electromagnetic attraction forces is within 5% of 

the composite component force. The synthetic 



component force of the electromagnetic suction 

force is combined with the eccentric power by 

the vibration weight to create bending stress on 

the rotor shaft. 

Thus, in this paper, the design was conducted 

by accurately determining the electromagnetic 

suction force when the air gap eccentricity was 

maximized, thereby making it possible to 

manufacture a vibration motor for coal sorter 

that can guarantee the structural reliability of the 

shaft. 
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