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[bookmark: _Toc3462684]Abstract 
Whilst creating a finite element simulation stator design using FEMM4.2 software by measuring the total flux verses the angle of 90⁰. By gathering these figures the flux leakage factor can be worked out, this figure would then show how efficient the motor would be. By using Microsoft excel graphs and tables were made to help produce and reflect on the results. To possibly improve the efficiency of the motor many stator designs could be made such as altering the pole width, the inside diameter of the stator or adjusting the pole face.  
[bookmark: _Toc3462685]Chapter 1 - Introduction
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[bookmark: _Toc3462686]1.1 – DC Motors
DC motors are widely used across the world in various applications such as toys, power tools and heavy industry devices such as elevators. A DC motor converts electrical energy into mechanical energy resulting in a form of rotation. [1] The operation of a DC motor is described as that the armature windings are connected to a DC power source which creates an electrical current within the coils resulting in an electromagnetic force, then the coils would start to rotate. 
[image: Image result for how a dc motors works]
[bookmark: _Toc3462673]Figure 1 - Operation of a DC Motor
Figure 1 shows that as the coil starts to rotate the commutator rings connect with the opposite polarity resulting on “the left side of the coil the electricity will always flow ‘away’ and the right side, electricity will always flow ‘towards’.” [2] This achieves a solid amount of torque therefore the coil would carry on spinning in the same direction. DC motors have stationary magnets located in the stator. The stator allows for a rotating magnetic field that turns a rotating armature, the stator converts the magnetic field into electrical current. [3] As conductors are placed within the slots right on the edge the force that the conductors experience “acts as a twisting or turning force on the armature which is called a torque.” [4]  
[bookmark: _Toc3462687]1.2 – Magnetics
The strength of a magnetic field and be increased by either having more coils of wire or by increasing the amount of current flow through the coils. When current is passed through a coil which is in a magnetic field is creates a rotating force, the size of the force could be increased by either increasing the magnetic field strength or by increasing the current flowing through the coils. In a DC motor the magnetic field is directed from the north to South Pole. Once an electric current travels through a coil which is within a magnetic field it causes a magnetic force that produces a torque which then spins the DC motor. [4] 
Magnetic lines of force have a few important characteristics such as each line of force would never cross one another and they all have the same strength. Each line of force takes the path with least resistance between opposite poles, as shown in figure 2 using a single magnet bar the force lines try to create closed loops between poles. 

[image: C:\Users\1708879\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\30507BB2.tmp]
[bookmark: _Toc3462674]Figure 2 - Magnetic Lines of Force
[bookmark: _Toc3462688]1.2.1 – Flemings Left Hand Rule
The direction of rotation of a motor can be demonstrated by the ‘Fleming’s left hand rule’ as shown below in figure 3.
[image: Image result for flemings left hand rule]
[bookmark: _Toc3462675]Figure 3 - Flemings Left Hand Rule
Figure 2 shows the first finger pointing in the direction of the magnetic field and the second finger pointing in the direction of current flow. The thumb states the force direction accomplished by the conductor. [5] 


[bookmark: _Toc3462689]1.3 – FEM (Finite Element Method)
  Finite element is a method used to solve mathematical problems for various tasks such as thermodynamics, fluid flow and electromagnetic potential. [7] It is widely used in industry such as aerospace, automobile, nuclear construction and applications of fluid mechanics. This method requires a lot of time spent on a computer therefore can solve problems “in linear and nonlinear regions for one-, two- and three dimensional domains. [8]
[bookmark: _Toc3462690] 1.4 – Specific Problem
As required to create a finite element simulation using FEMM 4.2 software of a DC motor stator circuit. Analysis would be needed and provided on the total amount of flux created within a stator circuit and a flux leakage factor value fir the given design. Also a value for the amount of flux cutting the rotor coil as a function of the coil angle would be determined. [9]
[bookmark: _Toc3462691]Chapter 2 – Methods
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[bookmark: _Toc3462676]Figure 4 - FEMM 4.2 Original Stator Model
[image: ]Figure 4 shows the drawn stator using FEMM 4.2 software. The stator consists of 4 coils each valued at 500 turns each and was designed using the materials specified. 








[bookmark: _Toc3462677]Figure 5 - FEMM 4.2 Original Stator Model Meshed
Figure 5 demonstrates a triangle meshed model showing the lines of flux surrounding the stator. The flux density is a lot less around the stator as it has an air gap between the components.
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[bookmark: _Toc3462678]Figure 6 - FEMM 4.2 Original Stator Model Cranked
Once cranked figure 6 shows the flux density strength using the electromagnetic spectrum. 
[bookmark: _Toc3462692]Chapter 3 – Results
[bookmark: _Toc3462693]3.1 – Total Flux
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[bookmark: _Toc3462679]Figure 7 - FEMM 4.2 Total Amount of Flux
The above screenshot shows where the total flux measurement across the width of the armature. Indicating 6.05528e-005 Webers.




[bookmark: _Toc3462694]3.2 - Flux vs Angle
[image: ]Table 1 are the results of the total flux vs angle measured between 0 and 90 degrees.












Table 1 - FEMM4.2 Results for Flux vs Angle
Figure 8 shows table 1’s results of the flux vs the angle in a line graph format making it easier to read and understand. Figure 8 clearly shows the relationship between the angle and the flux.
[image: ]
[bookmark: _Toc3462680]Figure 8 - FEMM 4.2 Line Graph for Flux vs Angle

[bookmark: _Toc3462681]Figure 9 - Flux vs Angle 1 complete Cycle 360 degrees.
As shown above as figure 9 from continuing the same method to obtain 0 to 90ᵒ a clear line graph was developed to display the results for a full 360ᵒ cycle.
[bookmark: _Toc3462695]3.3 – Flux Leakage Factor
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Table 2 - FEMM 4.2 Flux Leakage Factor Table
[bookmark: _Toc3462696]Chapter 4 – Discussion
It can been seen is figure 7 that the flux density is greater when the flux was measured across the two poles of the stator, as is shown the flux density is indicating a pale green colour around the sharper edges of the stator suggesting that a stronger magnetic flux density in these areas. By measuring across the armatures of the stator a total flux value could be achieved which was 6.05528e-005 Webers.
By placing nodes only 90 degrees around the stator the total number of flux could be measured at certain points. As shown in table 1 a flux value was recorded at every angle from 0 to 90 degrees with its peak values indicating at angles 50 – 55 degrees. Figure 8 clearly shows how the amount of flux increases up to a 55 degrees rotation and then slowly levels off before the following 90 degrees rotation occurs.   
The flux leakage factor is worked out using the formula as shown below.

As shown in table 2 the total flux was the value measured across the gap of the stator and the useful flux is the most amount of flux measured. 

The above equation shows that this design is extremely inefficient as 64% of flux is leaked away as waste such as heat. 
Referring back to figure 7 it’s clearly shown that the rotor would only cut through 6 lines of flux out of a possible 16. This clearly suggests that the efficiency of this design would be very inefficient.  
Table 1 shows the X and Y co-ordinates points around the stator which were derived from the following formulas.
R*Cos (ᵒ) = X and R*Sin (ᵒ) = Y
R=20 
[bookmark: _Toc3462697]Chapter 5 – Conclusion 
After reviewing the results it is clearly shown that the most useful flux is achieved between angles 50ᵒ - 55ᵒ, this suggests that the rotor is cutting through more lines of flux at these angles. Flux will travel the easiest route and with the path with least resistance. With the flux leakage being around 64% the motor is very inefficient so improvements regarding the design of the stator and rotor is needed, possible ideas could be to change the size and shape of the stator or adjusting the position of the coils.
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