


Abstract
Introduction


























Task 1
Determining the flux leakage factor for existing design
The Stator Dimensions and Parameters are as follows:
NB: When adding labels ensure that a mesh size of 1 is used.
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
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Figure 1 Initial Design



[image: ][image: ]Figure 3 Flux in Rotor
Figure 2 Total Flux

The equation to determine flux leakage factor is:


The red line in figure 2 which goes straight across the pole between the two coils gives the total flux within the circuit.
[image: ]The red line in figure 3 demonstrates the rotor rotating within the motor. 10s point have been made to simulate the rotation of the rotor between 0 and 90 degrees (10 degree intervals). This has been done as the max flux within the rotor occurs between 0 and 90 degrees (where the rotor cuts most lines of flux) as investigated in assignment 1.
	Total flux (Wb)
	Max used in rotor (Wb)
	Flux Leakage Factor

	2.22E-04
	8.54E-05
	0.62


                            Table 2 Initial Design FLF
As the flux leakage factor is 0.62 it means that the overall efficiency of the initial design is 38 %.


Table 1 Initial Design flux

Task 2
By altering the stator pole design, minimise the flux leakage factor
Methodology
In an attempt to improve efficiency a specification has been made that allow a selection of parameters/dimensions to be changed and they are as followed.
Parameters that can be changed:
· Inside Stator Radius
· Pole Width
· Pole Face
· Positioning of coil

Parameters that cannot be changed:
· Coil Area
· Outer Stator Radius
· Pole Face Radius
· Material Properties
· Number of Turns in Coil
· Depth of Circuit
· Current supplying coils
· Rotor dimensions/properties

The experiment is to carry out a test case method called an Orthogonal Array (OATS). OATS is used to minimize the number of tests required when performing experiments that have a large amount of test cases using matrices. The amount of test cases is dependent on how many factors/levels are involved.  
Advantages:
· Guarantees testing of the pair-wise combinations of all the selected variables.
· Reduces the number of test cases
· Creates fewer Test cases which cover testing of all the combination of all variables.
· Complex combination of the variables can be done.
· Is simpler to generate and less error prone than test sets created by hand.
· It is useful for Integration Testing.
· [bookmark: _GoBack]It improves productivity due to reduced test cycles and testing times. [1]
Disadvantages:
· As the data inputs increase, the complexity of the Test case increases. As a result manual effort and time spent increases. Hence, the testers have to go for Automation Testing.
· Useful for Integration Testing of software components. [1]


Mistakes or Errors when performing OATS:
· The testing effort should not be focused on the wrong area of the application.
· Avoid picking the wrong parameters to combine
· Avoid using Orthogonal Array Testing for minimal testing efforts.
· Applying Orthogonal Array Testing manually
· Applying Orthogonal Array Testing for high-risked applications [1]
Looking at the mistakes and errors using OATS, out of the four changeable parameters coil position will be excluded as it has a fixed area and could cause complication when applying OATS. Coil position will remain the same until the OATS method is complete using the inner stator as a reference point. [1]
	                   P3
Pole Shape Fishtail (mm)

	1)      None (Original)

	2)                 5

	3)                7.5


The amount of levels/factors to be used equates to 3 as shown:
	                  P1
Stator Diameter (mm)

	1)     80 (Original)

	2)            76

	3)            90


	              P2
Pole Width (mm)

	1)     20 (Original)

	2)            10

	3)            25



The three factors are stator diameter, pole width and pole shape with thee levels with the original design dimensions being one of them. If testing for all possible combinations was to be performed it would equate to 27 designs (3^3) however using OATS reduces this number to 9.
Dimensions have been carefully chosen to avoid errors with an increase and decrease in parameter dimensions.
	Experiment
	P1
	P2
	P3

	1
	1
	1
	3

	2
	1
	2
	2

	3
	1
	3
	1

	4
	2
	1
	2

	5
	2
	2
	1

	6
	2
	3
	3

	7
	3
	1
	1

	8
	3
	2
	2

	9
	3
	3
	3


Table 2 Orthogonal Array
After the orthogonal array has been completely an average will be made on each parameter to show how much they effect the design.


Results
[image: ]Table 3Table 3 Total flux & Flux within Rotor








Table 4
	P1
	P2
	P3
	Total flux / Wb
	Max used in rotor / Wb
	Flux wasted %

	1
	1
	3
	3.59E-04
	8.54E-05
	76.23

	1
	2
	2
	2.34E-04
	8.43E-05
	64.02

	1
	3
	1
	2.42E-04
	8.48E-05
	64.98

	2
	1
	2
	2.85E-04
	1.09E-04
	61.67

	2
	2
	1
	1.72E-04
	6.38E-05
	62.81

	2
	3
	3
	4.18E-04
	1.58E-04
	62.23

	3
	1
	1
	2.15E-04
	8.54E-05
	60.31

	3
	2
	2
	2.67E-04
	8.51E-05
	68.05

	3
	3
	3
	4.29E-04
	1.59E-04
	62.99


Table 4 FLF Orthogonal Array
Table 5
	Stator Diameter (P1)
	P1
	Mean Total Flux (Wb)
	Mean Max Flux in rotor (Wb)
	Mean Flux lost %

	Original 80mm
	1
	2.79E-04
	8.48E-05
	69.55

	76mm
	2
	2.92E-04
	1.10E-04
	62.16

	90mm
	3
	3.04E-04
	1.10E-04
	63.84

	Pole width(P2)
	P2
	Mean Total Flux (Wb)
	Mean Max Flux in rotor (Wb)
	Mean Flux lost %

	Original 20mm wide
	1
	2.86E-04
	9.33E-05
	67.41

	10mm
	2
	2.24E-04
	7.78E-05
	65.31

	25mm
	3
	3.63E-04
	1.34E-04
	63.14

	Pole Face (P3)
	P3
	Mean max flux used
	Mean Max Flux in rotor (Wb)
	Mean Flux lost %

	Original None
	1
	2.10E-04
	7.80E-05
	62.79

	5mm
	2
	2.62E-04
	9.29E-05
	64.53

	7.5mm
	3
	4.02E-04
	1.34E-04
	66.67


Table 5 Parameter Averages








Discussion
Table 3
Looking at all the combinations the flux in most of the design reached a maximum between angles between 40 and 50 degrees however experiments such as 4(212), 6(233) and 9 (333) reach a maximum at a higher angular position of the rotor. This is due to the pole face changing the direction of the lines of flux passing through the rotor as shown (appendix: change in direction of flux) in comparison to other such as experiment 7 (311).
Table 4
Experiment 6 (233) had the highest total flux whilst experiment 5 (221) had the lowest total flux. Experiment 9 (333) had the highest maximum flux used within the rotor across all experiments whilst experiment 5 had the lowest maximum flux used within the rotor.
The most efficient model was 311 with an efficiency ~40% and 113 being the least efficient model with an efficiency of 23.77%
Table 5
Within the stator diameter parameter 2 with an inner stator diameter of 76mm, a pole width of 25mm and a pole face with no fish tail was proved to be more efficient. Looking at the overall results between the averages and the orthogonal array the outcomes differ. 
Discussion Continued
Throughout the experiment the change in parameters such as the inner stator and the pole width caused a change in position of the coil, this could’ve effect the overall efficiency, this could explain why the averages of the OATS array differed from the individual experiments.

Conclusion
Overall the improved efficiency of the motor appeared to be 2%, even though an improvement it appears that the parameters chosen did not allow for a large increase in efficiency. Using the OATS method did indeed lower the amount of results but at a cost, it gave different results when averaged compared to the specific designs. It seems that there must be the correct amount of balance across all parameters to result in more efficient motor.
Improvements
If the experiment were to be repeated parameters would be more carefully selected and the level of parameters increased. The OATS method would not be used, this would results in more manpower hours with an increased chance of human error but will allow for every combination to be examined explaining how each parameter would affect the overall efficiency of the motor.
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Appendix
Experiment 1
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Experiment 2
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Experiment 3
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Experiment 4
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Experiment 5
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Experiment 6
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Experiment 7
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Experiment 8
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Experiment 9
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Change in direction of flux
333
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