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[bookmark: _GoBack]This report will demonstrate an in depth understanding of the principles of operation and design of electrical machines. The electrical machine in this report is a DC motor. It will show the relationship between useful flux and the angle that the rotor cut through the flux in the motor. These result will be shown in table and a graph. This will calculate the flux leakage factor and show how efficient the DC motor is.  
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1.0. [bookmark: _Toc3306088]Introduction

1.1. [bookmark: _Toc3306089]DC Motors

A DC motor has two main parts, the stator and the rotor. The DC motor has permanent magnets or either has electromagnetic windings on the stator, and this is on the outside of the motor. Inside the motor the rotor is located. Inside the rotor there are coil windings that get powered by DC current. When the coils are powered with DC current, this will create a magnetic field around the rotor. The rotor rotates by the fact that one side of it, gets attracted by the magnetic field in the stator and then the other side is being repelled. [1]

The rotation carry on because of the commutator. The commutator is there to manage the direction of the current flow and thus the direction of the magnetic field.  The rotor turns because of the attraction and repulsion, then the rotor becomes horizontally aligned, both brushes will make contact with the opposite side of the commutator. This way the current going through the rotor is then reversed. As a result of that, the magnetic field also gets reversed. This route repeats itself as long as power is supplied to the DC motor. [1]

1.2. [bookmark: _Toc3306090]Magnetic Field 

A magnetic field is a vector field and this describes the magnetic influence of magnetized materials and electrical currents. Magnets are commonly used in everyday life, the properties of magnetic fields are often seen in permanent magnets, which attract to magnetic materials such as iron or repel other magnets. [2]

[image: Magnetic Field Lines]
[bookmark: _Toc3306052]Figure 1 Magnetic Field [3]
1.3. [bookmark: _Toc3306091]Finite Element Method

“The finite element method (FEM) is a numerical technique used to perform finite element analysis (FEA) of any given physical phenomenon. 
It is necessary to use mathematics to comprehensively understand and quantify any physical phenomena, such as structural or fluid behaviour, thermal transport, wave propagation, and the growth of biological cells. Most of these processes are described using partial differential equations (PDEs). However, for a computer to solve these PDEs, numerical techniques have been developed over the last few decades and one of the most prominent today is the finite element method.” [4]

1.4. [bookmark: _Toc3306092]Task

This report will show a finite element simulation and analysis for the following DC Motor Stator circuit shown below. This report will show an estimate of the total magnetic flux being created in the stator circuit. Determine the flux leakage factor for the design. Provide an estimate of flux cutting the rotor coil as a function of the coil angle.

[image: ]
[bookmark: _Toc3306053]Figure 2 DC Motor Stator Circuit [5]

The Stator Dimensions and Parameters are as follows:
· Depth of Circuit: 100mm
· Outside Stator Diameter: 110mm
· Inside Stator Diameter: 80mm
· Pole Face Radius: 22mm
· Pole Widths: 20mm
· Field Generating Coil Vertical Coordinates: ±15mm
· Field Generating Coil Horizontal Internal Coordinates: ±24.5mm
· Rotor Coil Width: 40mm
· Field Generating Coil Current: ±1A (indicates in and out of page)
· Field Generating Coils Number of Turns: 500 [5]











2.0. [bookmark: _Toc3306093]Method
[bookmark: _Toc3221264][bookmark: _Toc3306094][image: ]
[bookmark: _Toc3306054]Figure 3 DC Motor Stator Circuit

Using FEMM 4.2, DC Motor Stator Circuit was designed using materials specified in the introduction. When the design was completed an open boundary was added.  The problem type is planar. 

[image: ]
[bookmark: _Toc3306055]Figure 4 DC motor stator, mesh for the problem
The figure above show FEMM 4.2 program generates a triangular mesh for the problem. If the mesh spacing seems to fine or too coarse you can select block labels or line segments and adjust the Mesh size defined in the properties of each object.

[image: ]
[bookmark: _Toc3306056]Figure 5 Flux Density in the DC Motor
Flux density can be plotted as a colour density plot as shown above. As shown from the figure above between the both poles, that’s where the total flux can be measured form. As the above figure shows the rotor will only be cutting through 6 ‘flux lines’ and missing 10 others, these suggest there will be a lot of flux leakage, over 50%.  


3.0. [bookmark: _Toc3306095]Results 

3.1. [bookmark: _Toc3306096]Total Flux

[image: ]
[bookmark: _Toc3306057]Figure 6 Total Flux Density being Measured in the DC Motor
The red line in the figure above is measuring the total flux across one of the poles. Total Flux = 0.000251912.
3.2. [bookmark: _Toc3306097]Flux Vs Angle 

[image: ]
[bookmark: _Toc3306058]Figure 7 Measuring Flux Vs Angle Across the DC Motor

To calculate the FLF, firstly the useful flux will need to be found. This can be found by plotting points around the inside stator and measuring the flux across it, as show above. To find the points needed for the X coordinates, it can be found be using the equation, R*Cos (°) = X. To find the points needed for the Y coordinates, it can be found be using the equation, R*Sin (°) = Y. R = 20. As these table below shows it was done through 90° of the cycle. 
	
Angle (°)
	X
	Y
	Phi (Wb)

	0
	20.00
	0.00
	-2.17E-07

	5
	19.92
	1.74
	1.11E-05

	10
	19.70
	3.47
	2.04E-05

	15
	19.32
	5.18
	3.13E-05

	20
	18.79
	6.84
	4.33E-05

	25
	18.13
	8.45
	5.68E-05

	30
	17.32
	10.00
	7.14E-05

	35
	16.38
	11.47
	8.15E-05

	40
	15.32
	12.86
	8.65E-05

	45
	14.14
	14.14
	8.87E-05

	50
	12.86
	15.32
	8.95E-05

	55
	11.47
	16.38
	8.95E-05

	60
	10.00
	17.32
	8.91E-05

	65
	8.45
	18.13
	8.86E-05

	70
	6.84
	18.79
	8.80E-05

	75
	5.18
	19.32
	8.76E-05

	80
	3.47
	19.70
	8.72E-05

	85
	1.74
	19.92
	8.69E-05

	90
	0.00
	20.00
	8.68E-05


[bookmark: _Toc3306044]Table 1 Flux Vs Angle
The table above shows the flux against angle and the highest useful flux is around 50/55°, this is due to the rotor cutting through more flux at these points, also show in figure 7. 


[bookmark: _Toc3306039]Graph 1 1/4 Cycle of Flux Vs Angle

From Table 1 the graph above show the relationship between Flux and angle.  

[bookmark: _Toc3306040]Graph 2 Full Cycle of Flux Vs Angle
After seeing the results for 90° by assuming the results will follow the same pattern, the graph above was produce for the full 360°.

3.3. [bookmark: _Toc3306098]Flux Leakage Factor

The Flux leakage factor is amount of useful flux against the total flux.

Total Flux = 0.000251912
Useful flux = 8.95E-05
FLF = 1-  
FLF = 1-
FLF = 0.6447 x 100%
FLF = 64.47%

The Flux leakage factor is what was suggest under Figure 5 earlier on in this report, being over 50% FLF. This shows how inefficient this method is. 




4.0. [bookmark: _Toc501015109][bookmark: _Toc3306099]Conclusion 

This report shows the most useful flux will be around 50/55° and this is due to the rotor cutting through more flux at these points.  The Flux will take the easiest route and will trying avoid going through the air than the metal due to the air having a higher resistance, hence why the FLF is over 60%, showing how efficient this method is.  From the result, there can be improvements mate to lower this, like making the stator smaller or even moving the coils closer together?
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