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Abstract:A two-phase stator winding is presented here and analyzed. By two-phase, it is implied that the two 

stator windings are identical and displaced in phase by 90 degrees, and can supply single-phase loads from 

either terminal. First, a stator winding was presented for a specified stator, and the winding distribution analyzed 

with the aim of obtaining the mmf characteristics from its functional relationship with the winding function.The 
particular stator winding presented in this work was found to be with low mmf harmonic level, and would 

perform acceptably when it forms part of an ac machine, typically, a generator of induction or reluctance type in 

the low power range. 
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I. INTRODUCTION 
With the world’s growing interest on reducing greenhouse effect and boosting power supply to urban 

and remote areas, intensive research is in the area of determining practical electromechanical conversion devices 

in both the low and high power ranges for easy and efficient conversion of energy from unconventional energy 
sources to electricity. At the low power range, such devices are required to be rugged, near maintenance free, 

affordable, and uncomplicated, and providing good quality of power.Along this line, extensive work has been 

done on single phase and three phase generators of induction and reluctance types. Self-excitation of these 

generators is achieved by the action of capacitors connected to the terminals of the machine. For example, [1] 

discussed the performance prediction and analysis of a single phase self-excited induction generator excellently. 

Also, [2] presented a mathematical model by which the dynamic behavior of self-excited single-phase 

reluctance generator can be successfully predicted under different operating conditions, while [3] was minded of 

the steady state analysis of the same. Plenty research results are also available in three-phase autonomous 

reluctance generators in both the dynamic and steady-state concerns[4, 5, 6]. Generators in the low power range 

are usually single-phase machines and are usually two-winding machines having a main winding and an 

auxiliary winding. However, less is considered of two-phase machines. 
By 2-phase stator winding, it is implied here that the machine is able to supply single phase loads from the two 

stator terminals, with a phase difference of 90o. The analysis employed is akin to asynchronous stator winding 

which has a main and an auxiliary winding, of which the former has more number of turns of conductor than the 

latter and occupies about two thirds of the stator slots [7]. The current in both windings are displaced by an 

angle of 90o. The basic difference is that the windings in this work are of equal number of turns, and occupies 

equal number of stator slots. Such stator winding arrangement readily find application in autonomous 

production of electricity through renewable and non-conventional energy sources.A good design will aim to 

realize a sinusoidal stator mmf wave form with minimum harmonic content. Minimizing the stator mmf 

harmonic contents is of great importance for many reasons, including minimizing voltage and current harmonics 

[8]. Stator losses are also reduced. The focus of the present work is to suggest a stator winding arrangement with 

clear analysis, showing a sinusoidal stator mmf with reduced harmonics, of a two-phase machine. The interest is 

restricted to terminal rather than internal characteristics of the machine. 
 

Specification  

It is intended to obtain a stator winding design for a 1hp, 220V, 2-pole, 2-phase machine. 

 

II. MACHINE DIMENSIONS 
With the methods suggested by [7] and [9], the dimensions of the stator can be determined to meet the 

above specifications, with a few assumptions with respect to specific magnetic and electric loading of the 

machine. These are considered the main dimensions of the machine. It will be observed however, that this is a 

different research focus from the present endeavor. 

Winding Description 
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A double-layer, integral-slot winding with chorded coils will be used. Taking 12 slots per pole, the 

stator number of slots is 24. Each slot holds 18 conductors, which could be of either or both phases. Windings 

were distributed as near sinusoidal as possible. References here include [7, 8, 9]. Furthermore, the windings of 

both phases are identical but displaced from each other by an angle of 90o.The winding clock diagram appears in 

figure 1.The following can easily be observed from the winding clock diagram: 

Number of slots = 24; Slot angular pitch = 15o; Phase belt = 10 slot pitch; Phase spread = 150o; phase shift = 

90o; Number of poles =2;  Pole-pitch = 12 slots per pole.  

Assumption 

Each winding section is aligned axially within the air gap. This is to say that the wire is neither slanted in the 
circumferential direction nor tilted in the radial direction as it passes through the air gap. 
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Figure 1: Winding Clock Diagram 

 

III. WINDING FUNCTION 
[10] observed that the knowledge of the winding functions for all windings together with the winding current 
essentially describe the spatial field distribution in the gap of the machine. Moreover, it is well known that the 

winding function is the basis of calculating machine inductances. Obviously, the harmonic 

 

Table 1: The A and B-phase stator turns and winding functions 
S/No  san 

 

Coil span
 

avan   sasN    sbn 
 

Coil span 

avbn
 

 sbsN   
 

1  6 

12

23

6




 

5.250 0.750 12 

12

11

6


  

4.500 7.5 

2 9 

6

11

4




 

7.125 1.875 9 

12

10

4


  

2.625 6.375 

3 9 

4

7

3


  

6.375 2.625 9 

4

3

3


  

1.875 7.125 

4 12 

6
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5 


 

7.500 4.500 6 

3

2
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5 
  

0.750 5.250 

5 18 
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2




 

9.750 8.250 0 
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7

2
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  
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2

3
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7 


 

8.250 9.750 0 

2
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
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content of both stator voltage and current depend on the shape of the air gap mmf due to the stator windings. 

Hence, stator winding analysis based on winding function is presented here. Equation (1) represents the 

relationship between the air gap mmf, the winding function, and the stator current. Subscript “s” represents 
stator quantity, and Ns the winding function.  

𝑚𝑚𝑓𝑠 =
𝑁𝑠

2
𝑖𝑠𝑐𝑜𝑠𝜙𝑠          (1) 

Where φs is an angular displacement along the stator inner circumference. The winding function (WF) 

methodology developed in [11] was employed in this analysis. Table 1 shows the turns and winding functions 

for both windings, where n(φs) and nave are the turns function and the average turns function respectivley, given 

by: 

𝑛 𝜙𝑠 = 𝑁𝑜. 𝑜𝑓𝑡𝑢𝑟𝑛𝑠𝑖𝑛𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛𝑝𝑎𝑡𝑕         (2) 

𝑛𝑎𝑣𝑒 =
1

2𝜋
 𝑛 𝜙𝑠 
2𝜋

0
𝑑𝜙𝑠   (3) 

The winding function is then given by: 

𝑁𝑠 𝜙𝑠 = 𝑛 𝜙𝑠 − 𝑛𝑎𝑣𝑒     (4) 
Together with the information under the Winding Description, these equations were adjusted to develop Table 1, 

integrating over the span specified.  

Also, figure 2 and 3 shows the actual winding function, in stair-case form. These can also be deduced from 

Table 1.  

 

Harmonics Analysis 

The method of Fourier series [12] was applied to obtain the various harmonics present in the winding 

functions expressed in Figures 2 and 3. The Fourier series of the winding function was performed and various 

plots obtained using the MATLAB tool [13]. The fundamental components of the winding functions for the two 

stator windings are: 

𝑁𝑎𝑠 = 𝑁𝑠
𝑐𝑜𝑠 

𝜙𝑠 − 𝛿 
                                      (5) 

𝑁𝑏𝑠 = 𝑁𝑠
𝑠𝑖𝑛 

𝜙𝑠 − 𝛿 
                                      (6) 

 

Where, δ is the phase shift, and subscript s refers to stator variables. 

Figures 4 and 5 give a picture of the harmonic contents in the winding function, up to the 50
th
 

non-zero harmonic (odd harmonics only). This is a reflection of the distortion that will be 

present in the stator voltage and currentwaveform. It is put in better perspective by figure 6. 
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Figure 2: Actual Winding function of the a-phase winding 

 
Figure 3:Actual Winding Function of the b-phase winding 

 
Figure 4:Harmonics of the a-phase winding function 

 
Figure 5:Harmonics of the b-phase winding function 

 

A comparison between the resultant winding function (sum of all the harmonics including the 

fundamental component) and the fundamental component of the winding function, shown in figure 6, reveals 

that the approximation of the fundamental component to the resultant winding function is quite close.  

Hence, this can be used for inductance calculation of the machine. This plot is found identical for the two 

phases, except that they are displaced in phase by 90o. It is observed that the fundamental component is same for 

both windings, with the following phasor value: 
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𝑁𝑎𝑠 = 55.8254∠ − 0.1309𝑟𝑎𝑑   (7) 

𝑁𝑏𝑠 = 55.8254∠1.4399𝑟𝑎𝑑                    (8) 

If the close approximation of the fundamental harmonic to the resultant winding function is accepted as 

the eventual winding function, then the effective number of stator turns will be taken as Ns = 55.8254. It is clear 

that the influence of winding design features which have not been considered in the analysis are accounted for in 

Ns. 

 
Figure 6:Comparison between the resultant winding function and the fundamental component of the function. 

 

IV. CONCLUSION 
It must be observed here that saliency has no influence on the form of the winding function [10], so that the 

stator winding here realized can be adapted to a round-rotor or a salient-pole machine. The particular design of 

the stator winding presented in this work suggests minimal current and voltage harmonics. Also, the analysis 

here presented shows that with little loss of accuracy, the fundamental component of the winding function can 

be adopted for inductance calculation of the machine. Again, it is clear that the two-phase stator presented in 

this work will perform acceptably when it forms part of an electric machine, typically, a small generator. As 

earlier mentioned, this generator could be of induction or reluctance type. It is therefore presented here that a 

two-phase ac generator of various power ratings can be designed and used for domestic and certain farm 

processing activities in the low power range. The authors think this will lead to a better utilization of the stator 
slots. 
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