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1.0. [bookmark: _Toc5207289]Introduction

The aim of this assignment is to improve the design of the DC motor to improve the FLF. To achieve this, sure aspects will be changed and other won’t be to keep the test as consistent and reliable as possible. This report will have 8 models and the compare each results in a table and graph form to easily see the each differences. 







2.0. [bookmark: _Toc5207290]Summary of Initial DC Motor (Part 1)


[image: ]
[bookmark: _Toc5206823]Figure 1 Original DC Motor Design

The design is from assignment one and it’s a simple design. The FLF for this was 64.475, showing how inefficient this design is. There are calculations below to show how this result came from.    

[image: ]
[bookmark: _Toc5206824]Figure 2 Original DC Motor Flux Lines

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

3.0. [bookmark: _Toc5207291]Background Research

3.1. [bookmark: _Toc5207292]DC Motor

A DC motor converts electrical power into mechanical power. The entire input power can never be converted into output power in a practical machine as certain power is lost in the transfer process. This results in a reduction in the machine's efficiency. Efficiency is the ratio of power output to power input. Therefore, it is important to study the losses that occur in them in order to design rotating dc machines with higher efficiency. Different losses can be characterized as follows in a rotating DC machine: [1]
Copper losses:
· Armature Cu loss
· Field Cu loss
· Loss due to brush contact resistance
Iron Losses:
· Hysteresis loss
· Eddy current loss
Mechanical losses:
· Friction loss
· [bookmark: _GoBack]Windages loss
Stray Losses:
· Heat
[image: ]
[bookmark: _Toc5206825]Figure 3 Electrical Power into Mechanical Power Diagram
3.2. [bookmark: _Toc5207293]Lenz Law

Lenz's law is a good way of understanding how Newton's third law and energy conservation complies with electromagnetic circuits. The law of Lenz is named after Heinrich Lenz and it says: an induced electromotive force (emf) always produces a current whose magnetic field is opposed to the change in the original magnetic flux. [2]

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/e/e4/Lenz_law_demonstration.png/1024px-Lenz_law_demonstration.png]
[bookmark: _Toc5206826]Figure 4 Lenz Law


4.0. [bookmark: _Toc5207294]Method 

When designing and improving the DC motor design to try and reduce the Flux leakage factor, only some aspects can be changed. The table below shows aspects of the DC Motor design that can be changed and ones that can’t be. The idea of this assignment is to come up with a design that will improve the Flux leakage factor from the original design being at 64.47%.

	Can be Changed
	Can’t be changed

	Stator Inner Radius
	The Electrical Properties 

	Armature Dimensions
	Any Materials 

	Winding Position
	Rotor Properties 

	Armature Face
	Outer Radius 

	Coil Closer Together 
	Armature Radius 

	
	


[bookmark: _Toc5207268]Table 1 Motor Design that can't be Changed and can

The main three changes going to be made in this report will be the stator width, the pole widths and adding a fishtail to the poles. Some design will have one of these changes or two combined changes or even all three aspects changes. The changes will be shown in every model in a specification table.

	Key

	 Modification in Design 

	Useful Flux



[bookmark: _Toc5207269]Table 2 Key for Model Design

5.0. [bookmark: _Toc5207295]Models 

5.1. [bookmark: _Toc5207296]Model 1 
[image: ]
[bookmark: _Toc5206827]Figure 5 DC Motor Model 1
	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	20mm

	Fishtail on Pole Faces
	22mm

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width: 40mm
	40mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207270]Table 3 Specification Design for Model 1

	Angle
	

	35
	8.19E-05

	40
	8.42E-05

	45
	8.47E-05

	50
	8.43E-05

	55
	8.36E-05

	60
	8.20E-05


 [image: ]
[bookmark: _Toc5206828]Figure 6 Flux Lines in Model 1 of a DC Motor








[bookmark: _Toc5207271]Table 4 Useful Flux in Model 1

5.2. [bookmark: _Toc5207297]Model 2
[image: ]
[bookmark: _Toc5206829]Figure 7 DC Motor Model 2

	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	20mm

	Fishtail on Pole Widths
	27mm

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width: 
	40mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207272]Table 5 Specification Design for Model 2

[image: ]
[bookmark: _Toc5206830]Figure 8  Flux Lines in Model 2 of a DC Motor

	Angle
	

	60
	0.000101

	65
	0.000101

	70
	0.000101

	75
	0.000101

	80
	0.0001

	85
	0.0001


[bookmark: _Toc5207273]
Table 6 Useful Flux in Model 2


5.3. [bookmark: _Toc5207298]Model 3

[image: ]
[bookmark: _Toc5206831]Figure 9  DC Motor Model 3

	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	20mm

	Fishtail on Pole Widths
	34mm

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width: 40mm
	40mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207274]Table 7 Specification Design for Model 3
[image: ]
[bookmark: _Toc5206832]Figure 10 Flux Lines in Model 3 of a DC Motor

	Angle
	

	60
	0.000122113

	65
	0.000124593

	70
	0.000125388

	75
	0.000125757

	80
	0.000125782

	85
	0.000125755

	90
	0.000125823


[bookmark: _Toc5207275]Table 8 Useful Flux in Model 3














5.4. [bookmark: _Toc5207299]Model 4
[image: ]
[bookmark: _Toc5206833]Figure 11 DC Motor Model 4
	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	20mm

	Fishtail on Pole Faces
	N/A

	Field Generating Coil Vertical Coordinate
	±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width
	50mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207276]Table 9 Specification Design for Model 4

[image: ]
[bookmark: _Toc5206834]Figure 12 Flux Lines in Model 4 of a DC Motor

	Angle 
	

	35
	6.36E-05

	40
	6.42E-05

	45
	6.43E-05

	50
	6.41E-05

	55
	6.39E-05


[bookmark: _Toc5207277]Table 10 Useful Flux in Model 4


5.5. [bookmark: _Toc5207300]Model 5


[image: ]
[bookmark: _Toc5206835]Figure 13 DC Motor Model 5
	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	20mm

	Fishtail on Pole Faces
	22mm

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width
	50mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207278]Table 11 Specification Design for Model 5
[image: ]
[bookmark: _Toc5206836]Figure 14 Flux Lines in Model 5 of a DC Motor

	Angle 
	

	40
	8.36E-05

	45
	8.53E-05

	50
	8.60E-05

	55
	8.63E-05

	60
	8.64E-05

	65
	8.62E-05

	70
	8.61E-05


[bookmark: _Toc5207279]Table 12 Useful Flux in Model 5


5.6. [bookmark: _Toc5207301]Model 6
[image: ]
[bookmark: _Toc5206837]Figure 15 DC Motor Model 6
	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	20mm

	Fishtail on Pole Widths (Depth)
	34mm (2mm)

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width: 
	50 mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207280]Table 13 Specification Design for Model 6
[image: ]
[bookmark: _Toc5206838]Figure 16 Flux Lines in Model 6 of a DC Motor

	Angle  
	

	60
	0.000124

	65
	0.000129

	70
	0.000131

	75
	0.000133

	80
	0.000133

	85
	0.000133

	90	
	0.000134


[bookmark: _Toc5207281]Table 14 Useful Flux in Model 6














5.7. [bookmark: _Toc5207302]Model 7
[image: ]
[bookmark: _Toc5206839]Figure 17 DC Motor Model 7

	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	5mm

	Fishtail on Pole Widths
	N/A

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width
	50mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207282]Table 15 Specification Design for Model 7
[image: ]
[bookmark: _Toc5206840]Figure 18  Flux Lines in Model 7 of a DC Motor
	Angle
	

	35
	5.32E-05

	40
	5.34E-05

	45
	5.32E-05

	50
	5.31E-05


[bookmark: _Toc5207283]Table 16 Useful Flux in Model 7


5.8. [bookmark: _Toc5207303]Model 8
[image: ]
[bookmark: _Toc5206841]Figure 19 DC Motor Model 8
	Depth of Circuit
	100mm

	Outside Stator Diameter
	110mm

	Inside Stator Diameter
	80mm

	Pole Face Radius
	22mm

	Pole Widths
	5mm

	Fishtail on Pole Widths
	34mm

	Field Generating Coil Vertical Coordinate
	 ±15mm

	Field Generating Coil Horizontal Internal Coordinates
	±24.5mm

	Rotor Coil Width
	50mm

	Field Generating Coil Current
	±1A

	Field Generating Coils Number of Turns
	500


[bookmark: _Toc5207284]Table 17 Specification Design for Model 8
[image: ]
[bookmark: _Toc5206842]Figure 20  Flux Lines in Model 8 of a DC Motor
	Angle
	

	60
	0.000122347

	65
	0.000125387

	70
	0.000126527

	75
	0.000127099

	80
	0.00012733

	85
	0.000127399

	90
	0.000127461


[bookmark: _Toc5207285]Table 18 Useful Flux in Model 8



6. [bookmark: _Toc5207304]Results 

	Model 
	Total Flux
	Useful Flux
	FLF

	1
	0.000248281
	8.47E-05
	65.87%

	2
	0.000330439
	0.000125823
	61.92%

	3
	0.000261573
	0.000101
	61.51%

	4
	0.000142002
	6.43E-05
	54.73%

	5
	0.000281846
	8.64E-05
	69.36%

	6
	0.000330052
	0.000134
	59.52%

	7
	0.000127516
	5.34E-05
	58.15%

	8
	0.000312003
	0.000127461
	59.15%


[bookmark: _Toc5207286]Table 19 Result Table for all Models
The table above are the result for all models and will be shown in graphs below to compare to each other.

[bookmark: _Toc5206860]Graph 1 Total Flux
The graph above shows that model 6 design has the most flux out of all the designs but this that’s mean this is the best design. There could be more flux but that doesn’t mean more flux will pass directly through the rotor.   

[bookmark: _Toc5206861]Graph 2 Useful Flux for all Models
The graph above shows that model 6 design has the most useful flux out of the designs. Again this does mean this design is the best, between the total and useful flux, a calculation can be done to find the FLF 

[bookmark: _Toc5206862]Graph 3 FLF for all Models
The design with the most flux leakage factor is model 5, being around 69%. Meaning that model 5 design is the worse. The design with the least flux leakage factor is design model 4. This model was the simplest designs out of all 8 and seemed to be the most efficient, with only having 54.7% FLF.  All models bar 1 and 5, have improved on the FLF from the original design from assignment 1. The results show that the fishtail wasn’t the best way to improve FLF but just making the pole widths smaller and the Rotor width bigger, creating more air space in the motor and creating more resistance for the flux meaning the flux to use the metal path more due to having a lesser resistance to the air itself.
7. [bookmark: _Toc501015109][bookmark: _Toc5207305]Conclusion 

Orthogonal array testing technique was used for this assignment and it helped to find reliable and relevant results. By going back and analysing my models it seem to improve when the coils where closer together and the keeping the design simple. The fishtail did improve the FLF from the original but it did seem to improve by much with different size fishtails, it seemed to cause the same about flux scatter with each type of fishtail. Improvements could have been made by changing other aspects of the DC Motor, one of these could have been to wider the armature, the test only used thinner ones. This was found that, because of the system's reluctance, how the flux is directed has more of an effect on efficiency than total flux.
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Total Flux

Totel Flux	2.4828099999999999E-4	3.3043900000000003E-4	2.6157300000000002E-4	1.4200199999999999E-4	2.8184599999999998E-4	3.30052E-4	1.2751599999999999E-4	3.1200299999999999E-4	



Useful Flux	8.4699999999999999E-5	1.25823E-4	1.01E-4	6.4300000000000004E-5	8.6399999999999999E-5	1.34E-4	5.3399999999999997E-5	1.2746099999999999E-4	



FLF	0.65869999999999995	0.61919999999999997	0.61509999999999998	0.54730000000000001	0.69359999999999999	0.59519999999999995	0.58150000000000002	0.59150000000000003	
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