
Bulletin of Electrical Engineering and Informatics 

Vol. 9, No. 4, August 2020, pp. 1677~1684 

ISSN: 2302-9285, DOI: 10.11591/eei.v9i4.1565      1677 

  

Journal homepage: http://beei.org 

The tooth factor effect on the harmonics of large  

electrical machines 
 

 

Ayman Y. Al-Rawashdeh
1
, Ali Dalabeeh

2
, Abdallah Al-Zeyod

3
, Ashraf Samarah

4
,  

Ghazi Qaryouti
5
, Omar Albarbarawi

6
 

1,2,3,5,6Department of Electrical Engineering, Faculty of Engineering Technology,  

Al-Balqa Applied University, Amman, Jordan 
4Department of Electrical Engineering, Faculty of Engineering, Al-Balqa Applied University, Al-Salt, Jordan 

 

 

Article Info  ABSTRACT 

Article history: 

Received Mar 9, 2019 

Revised Sep 26, 2019 

Accepted Mar 23, 2020 

 

 In the current study, the general mathematical model for the calculation  

and analysis of asynchronous systems and transient cases in asynchronous 

synchronous large electrical machines was developed. The theory  

of magnetic fields in the teeth's circuits with a smooth surface of the rotor 

was used and at the same time, high harmonics of magnetic fields and its 

effect on the transient cases was also calculated. Performance curves were 

investigated using Matlab codes and evaluated under different values of    

factor. The results confirmed the possibility of improving the noise harmonics on 

the sinusoidal wave form, which is reflected on the machines starting. 
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1. INTRODUCTION  

To obtain the magnetic field on a simplified smooth surface of the motor’s air gap, analytical 

methods or mathematical methods can be used. Implementing mathematical methods depends on infinite 

difference method [1, 2]. This method is a numerical method for solving differential equations that describe 

transient cases in machines [3, 4]. At the same time, high harmonics of magnetic fields and its effect on  

the transient cases is calculated, by maintaining some harmonics suitable for the use of analytical methods 

and to provide specific information about the harmonics fields [5, 6]. The Conversion function can  

be obtained by integrating the systems formulae [7, 8]. The harmonics of the Magnetic Flux Density (MFD) 

in the air gap of an electrical machine depends on the special distribution of the magneto motive force and on 

the teeth of the magnetic core [9, 10]. The harmonics of the MFD is usually determined on the surface  

of a smooth magnetic core. In order to study this problem and calculate harmonic fields for one-side with  

a number of assumptions (permitting), it is necessary to understand the tooth coefficient (  ) by using 

mathematical model for calculating and analysis of the tooth coefficient (  ) [11]. The concept of the tooth 

coefficient for arbitrary (ν-u) harmonics of the MFD [12], which is the ratio between the amplitude value  

of the MFD (   ) of a slots and the teeth in the surface of the core in one-sided of the gap to the amplitude 

value of the MFD (    ) of the same harmonics for a smooth surface in the other side of the gap [13].  
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2. RESEARCH METHOD  

2.1.  Calculation of the teeth factor for the     harmonics 

To obtain the magnetic field on a smooth surface of the motor’s air gap according to special 

boundary conditions, shown in Figure 1 analytical or mathematical methods can be used [14]. The use of 

mathematical methods depend on the infinite difference methods. These methods are numerical methods 

employed for quickly solving differential equations by approximating them with difference equations,  

in which infinite differences approximate the derivatives. At the same time, it is necessary to calculate  

the harmonics of magnetic fields and to maintain some harmonics to enable use of analytical methods and to 

provide specific information about the harmonics fields [15, 16]. 
 

 

 
 

Figure 1. Decomposition the curve of the permeability under the tooth in a fourier series 
 

 

We will use the conformal transform of plane (t) on the plane (z), and the stripe (w) in Figure 1. Conversion 

function can be obtained by integrating the following formula: 
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Where:       are the conversion scale, a, b & c are the points coefficients on the imaginary axis of the plane 

(t), which corresponds to the vertices of the multiple angles of the plane (Z).  

To determine the fixed given vertices points of the plane with angles equal to zero at  

the corresponding point (t=b): 

Suppose that the,             and then by differentiation this equation, 
 

   ∫        (3) 
 

As a result of compensation of the t and dt values in (1, 2), If (t) is an infinity small and   changes 

from 0 to  , the variable (t) is compensated through the value of (b), this changes is equivalent to changing 

(z) between             and    ⁄    . When (r) limited to zero, and (t) limited to (b), (1, 2) will be 

solved in a simplified form, and the angle     takes only a value between dt and (t–b), where the other 

multiple values except (t–b) at     varies from zero to  , remain constant, (1, 2) will be re-written as: 
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After performing the required simplification and differentiation, the scale factors   and   can be expressed as: 
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If the point t=   is corresponding to points that are tangential to the infinity of two parallel 

surfaces (the air gap) and the angle between them is equal to zero, then (2) can be used to find  

the relationship between the air gap and the scale factor C [17]. So by compensating        where R    

(R–infinity high of the circular radius), the following equation was obtained:  
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From this equation, the scale factor was obtained as: 
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To find the relationship between the constants         , vertices corresponding to points at t=1 and t=a  

were considered: 
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From (10, 11),   and bz were:  
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In (7, 10) afforded an expression of 
  

 
 as shown in (14):  
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In (10, 13, 14), 
  

 
 was obtained from the following equation:  
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Substitution of t values t=Ch
2
 T and t=cos

2
T allowed us to simplify (16, 17). Substitution of these t and dt 

values into (16, 17) gave by:  
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2.2.  Calculation of teeth coefficients 

Consider the case when one-side of the gap inside of the stator has teeth with open slots while inside 

the rotor is a smooth surface without open slots. The harmonics of the MFD are usually determined  

on the surface of a smooth magnetic core [18, 19]. In order to study this problem and calculate harmonic 

fields for one-side with a number of assumptions (permittings), it is necessary to understand the tooth  

coefficient (Cν) [20, 21]. The tooth coefficient for arbitrary (ν-u) harmonics of the MFD, which is the ratio  
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of the amplitude value of the MFD       of a slot and the teeth in the surface of the core in one-side  

of the gap to the amplitude value of the MFD        of the same harmonics for a smooth surface in the other 

side of the gap [22, 23]. 

The teeth coefficient (   
   

    
) depends on the relative values of the width of the slot (bn),  

the width of the tooth (bz) and the pole pitch (ν-u) of the harmonics (τν) to the air gap (δ) the teeth coefficient 

is located in the interval – 4 to + 4 for the open slots [24, 25]. In the case when the pole pitch (ν-u) of  

the harmonics is much larger than the tooth pitch               the teeth coefficient is close to  

the inverse of the air gap coefficient     
  ⁄  

 

 

3. RESULTS AND DISCUSSION  

Coefficients (a, b, c) can be found by solving (14, 17, 18) with each other using the Newton-Raphson 

method Figure 2. The integration was calculated using trapezoidal rule method.  

 

 

 
 

Figure 2. The calculation results of the coefficients a, b, c at different values of   
 

⁄  and   
 

⁄  
 

 

To find the values of the magnetic flux density on z surface, C and D values were introduced to (1, 2), 

accordingly, the following expressions were obtained: 
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The magnetic flux density on the stripe of w are constant and equal to:  
 

      
   

 
 (21) 

 

In the intervals b < t < ∞ and - ∞ < t < 0, from (19, 20) and with using=  
  

  
 , we find that: 

 

               √
      

          
 (22) 

 

where,         
  

 
 (23) 

 

On the surface of a smooth core with y=0 
 

        √
      

          
 (24) 

 

For t=0 along the axis of the tooth, the maximum magnetic flux density on the surface of a smooth core 

equals: 
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In (19) was used for determining the values of the magnetic flux density in points          

corresponding to      
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By compensating the value         in (26), the following equation was obtained:  
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The values of the magnetic induction of other points on a smooth surface of the shape can be found 

from (24), when determining the value of t from the solution of (27) by the Newton-Raphson method.  

Curves B(x) for different core teeth can be easily calculated at the front stage and entered  

into the program for further calculations with the adjusted structure of the tooth layer. Curves B(x) are simply 

repeated on each tooth contour forming on a smooth core surface shown in Figure 3. The aggregate  

of the harmonics (MFD) is the amplitude value (ν-u). The harmonic value is defined as: 
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Where (α) is the zone of existence of the magnetic field of the tooth contour. In view of the symmetry  

of the curve B(x), its diffusion in a series contains only even harmonics and also a constant component MFD 

Bδ. The field curve in the gap will be: 
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In the absence of a tooth, the amplitude value of an arbitrary (ν-u) harmonic field from (MFD) Fk of the tooth 

contour will be:  
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The coefficient that takes into account the effect of teething on ν- harmonic on the surface of a smooth core  

is equal to: 
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(a) 

 

Figure 3. Permeability curves at, (a) Z=30 and P=1, (b) Z=42 and P=1, (c) Z=54 and P=1, (d) Z=60 and P=1  
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(b) 

 

 
 

(c) 

 

 
 

(d) 

 

Figure 3. Permeability curves at, (b) Z=42 and P=1, (c) Z=54 and P=1, (d) Z=60 and P=1 (continue) 

 

 

4. CONCLUSION  

In this paper the general mathematical model for the calculation and analysis of asynchronous 

systems and transient cases in an asynchronous synchronous large electrical machines was developed,  

the theory of magnetic fields in the teeth's circuits with a smooth surface of the rotor was used and at  

the same time, high harmonics of magnetic fields and its effect on the transient cases is calculated  

and investigated. Performance curves were investigated using Matlab codes and evaluated under different 
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values of    factor. The results confirm the possibility of improving and reducing the tooth and noise 

harmonics on the sinusoidal wave form, which is reflected on the machines starting. Also the tooth harmonic 

reduction can decrease the unbalanced magnetic force in the windings MMF. 
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