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In this assignment we have been given a problem to find out the magnetic flux within a DC Motor. We must design the motor on FEMM 4.2 and then conduct tests to determine the total flux and the max useful flux of the motor.
This assignment has taught me basic knowledge on magnetism and magnetic flux, and how it works within a motor. 
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In this assignment a simulation of a DC motor stator circuit will be designed and then tested for the magnetic flux being created in the circuit, the flux leakage factor of the design and the flux cutting the rotor coil as a function of the coil angle. FEMM 4.2 is the software that is being used to design the stator circuit.
The problem that is given to us is to calculate the magnetic flux in the stator circuit, the flux leakage factor for the design and the flux cutting the rotor coil. 

[bookmark: _Toc3459234]DC Motors

DC motors consist of two main parts, the stator and rotor. The motor contains permanent magnets or electromagnetic windings on the stator which is on the outside of the motor. The rotor is located on the inside of the motor, it contains the coil windings that are powered by the DC current. When the windings are powered, a magnetic field is created that causes rotor to rotate. This is because one side of the rotor is attracted by the magnetic field in the stator and the other side is repelled. [1]
The rotation continues due to the commutator, this also manages the flow of current (direction of magnetic field). The rotor turns due to the attraction and repulsion of the magnetic fields, but when the rotor becomes horizontally aligned in a brushed DC motor, both brushes will make contact with the opposite side of the commutator, which reverses the current through the rotor. [1]

[image: DC motor how it works][bookmark: _Toc3459216]Figure 1 - Brushed DC Motor
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Magnetism is the attraction and repulsion phenomenon produced by moving electrical charges. The affected region around the moving electrical charges consist of both electric field and a magnetic field. Any moving electric charge generates a magnetic field perpendicular to it. [2]
“In addition to current traveling through a wire, magnetism is produced by the spin magnetic moments of elementary particles, such as electrons. Thus, all matter is magnetic to some degree because electrons orbiting an atomic nucleus produce a magnetic field. In the presence of an electric field, atoms and molecules form electric dipoles, with positive-charged nuclei moving a tiny bit in the direction of the field and negative-charged electrons moving the other way.” [2]
With magnets the opposite attract, and the same poles repel each other.
[image: Image result for magnetism][bookmark: _Toc3459217]Figure 2 - Magnets
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FEM was developed by engineers, to address structural mechanics problems related to aerospace and civil engineering. FM is a numerical method that is used for solving problems of mathematical and engineering physics. It can be used for various reasons, problems such as structural analysis, heat transfer, fluid flow and electromagnetic potential. The method uses mathematical equations to solve the problems that it is given, in the assignment we are given the dimensions of the stator of a DC motor, and the FEMM 4.2 software will help us calculate flux etc. [3] [4]
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Above is an example of the stator that has been designed on FEMM. We can see the different nodes that have been used to create the motor, as would be used for any other problem.
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Using FEMM 4.2, a motor stator circuit is designed to be able to work out the magnetic flux, flux leakage factor and flux cutting the rotor coil. Various nodes are added which will place key points on the FEMM software that will eventually create the design of the motor. Each of the nodes are then joined together by a series of lines or curves to give the shape of the motor.
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Block labels are added to the design as seen above, to determine which materials and other problems that part of the motor is. The block regions used are air, Carpenter Silicon Core and 18 AWG. 18 AWG being the copper wire. Circuit properties are added to the coil region of the design.
A Boundary is also added to the design that accurately emulates the impedance of an unbounded domain. 
[image: ][bookmark: _Toc3459219]Figure 4 - Boundary










Once the design is completed, we mesh the design, that generates a triangular mesh for the problem. If the software manages to mesh the problem, we then ‘turn the crank’ that analyses the model before we can be able to see the results.
[image: ][bookmark: _Toc3459220]Figure 5 - Mesh














Once the mesh has been created, we can then see the results of the magnetic flux of the stator circuit. We can see the magnetic flux of the stator below, shown by the lines going across. This is the magnetic flux in the stator.
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Now we have completed the design, we can calculate the total magnetic flux of the stator, the flux leakage factor of the design and the flux cutting the rotor coil as a function of the coil angle.
To determine the total flux, we must put a line across the width of one of the poles (armature), and click the equation button to give Total Flux of the stator.
To determine the flux cutting the rotor coil as a function of the coil angle, we would place nodes from 0 on the Y axis, placing a node every 5 degrees until the 90 degree angle. This would be done to calculate the flux across the rotor at each different angle.
To determine the total flux leakage, using the information already acquired the equation would be;
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To calculate total flux, a line must be put across on of the armatures, and then the equation button must be pressed.
[image: ][bookmark: _Toc3459222]Figure 7 - Total Flux












The flux calculated for the stator circuit = 6.45751E-05
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To determine the flux cutting the rotor coil as a function of the coil angle, we would place nodes from 0 on the Y axis, placing a node every 5 degrees until the 90 degree angle. This would be done to calculate the flux across the rotor at each different angle.
Above are the results that were found up to 90 degrees.

Here is a graph of the flux cutting the rotor coil.



Above is the full 360 degree results for the flux cutting the rotor coil. As we can see the closer the angle gets to the armature, the less flux there is.
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To calculate the flux leakage factor, the following equation must be used;







64.69% flux leakage is extremely high, as there is only 34% of the flux being used, this wasn’t expected to be so inefficient.
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In our results we can see that the total flux is 6.45751E-05 from the first set of tests, but as we look at the results from the flux cutting the rotor coil the maximum useful flux is 2.28037E-05. Comparing both results, there is 64% of flux being wasted, that isn’t turned into useful flux.
By looking at the screenshots of the flux density, we can see that the maximum useful flux is at its highest when it’s closer to one of the density lines, the further away it is the smaller the flux.
Surprisingly the flux is also smaller the closer to the armature it is also, we had or highest flux at around 55 degrees. The 360 degree graph shows that the flux is continuous and repetitive.
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In this assignment, I have learnt about how magnetism and flux works within DC motors. It has surprised me with some of the results as they weren’t expected, such as how much flux leakage that there is, and where the most useful flux is in the stator.
I have also learnt how to use the FEM programme. This was new to me and has given me confidence that I can use it again for other various problems that may arise in the future.
My knowledge in general has vastly improved with this assignment, realising how magnetism and magnetic flux works within a motor, also magnetism in general.























Bibliography

[1] 	“DC MOTOR, HOW IT WORKS?,” Magnetic Innovations, [Online]. Available: https://www.magneticinnovations.com/dc-motor-how-it-works/. [Accessed 11 3 19].
[2] 	A. M. Helmenstine, “What Is Magnetism?,” ThoughtCo., [Online]. Available: https://www.thoughtco.com/magnetism-definition-examples-4172452. [Accessed 11 3 19].
[3] 	“What is finite element method,” SIMSCALE, [Online]. Available: https://www.simscale.com/blog/2016/10/what-is-finite-element-method/. [Accessed 11 3 19].
[4] 	“Finite element method,” Wikipedia, [Online]. Available: https://en.wikipedia.org/wiki/Finite_element_method. [Accessed 11 3 19].





Phi (Wb)	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	-2.0936399999999998E-9	-2.5737500000000001E-6	-5.2190700000000002E-6	-8.0216199999999993E-6	-1.10896E-5	-1.45678E-5	-1.8255699999999999E-5	-2.08678E-5	-2.2106100000000002E-5	-2.26167E-5	-2.28037E-5	-2.2787400000000001E-5	-2.26525E-5	-2.25042E-5	-2.2332099999999999E-5	-2.21994E-5	-2.2089399999999999E-5	-2.2018499999999999E-5	-2.1999300000000001E-5	



Phi (Wb)	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	165	170	175	180	185	190	195	200	205	210	215	220	225	230	235	240	245	250	255	260	265	270	275	280	285	290	295	300	305	310	315	320	325	330	335	340	345	350	355	360	-2.0936399999999998E-9	-2.5737500000000001E-6	-5.2190700000000002E-6	-8.0216199999999993E-6	-1.10896E-5	-1.45678E-5	-1.8255699999999999E-5	-2.08678E-5	-2.2106100000000002E-5	-2.26167E-5	-2.28037E-5	-2.2787400000000001E-5	-2.26525E-5	-2.25042E-5	-2.2332099999999999E-5	-2.21994E-5	-2.2089399999999999E-5	-2.2018499999999999E-5	-2.1999300000000001E-5	-2.2018499999999999E-5	-2.2089399999999999E-5	-2.21994E-5	-2.2332099999999999E-5	-2.25042E-5	-2.26525E-5	-2.2787400000000001E-5	-2.28037E-5	-2.26167E-5	-2.2106100000000002E-5	-2.08678E-5	-1.8255699999999999E-5	-1.45678E-5	-1.10896E-5	-8.0216199999999993E-6	-5.2190700000000002E-6	-2.5737500000000001E-6	-2.0936399999999998E-9	2.5737500000000001E-6	5.2190700000000002E-6	8.0216199999999993E-6	1.10896E-5	1.45678E-5	1.8255699999999999E-5	2.08678E-5	2.2106100000000002E-5	2.26167E-5	2.28037E-5	2.2787400000000001E-5	2.26525E-5	2.25042E-5	2.2332099999999999E-5	2.21994E-5	2.2089399999999999E-5	2.2018499999999999E-5	2.1999300000000001E-5	2.2018499999999999E-5	2.2089399999999999E-5	2.21994E-5	2.2332099999999999E-5	2.25042E-5	2.26525E-5	2.2787400000000001E-5	2.28037E-5	2.26167E-5	2.2106100000000002E-5	2.08678E-5	1.8255699999999999E-5	1.45678E-5	1.10896E-5	8.0216199999999993E-6	5.2190700000000002E-6	2.5737500000000001E-6	2.0936399999999998E-9	


image1.jpeg
Armature (rotor)

Brush

Commutator
Sta





image2.jpeg




image3.png
H S0 - Document] - Word M6X00373_Sem2_CW1_201819_ElectricalMachines [Compatibility Mode] - Word = o

Fie  Home Inset Design Layout [Nl Maiings Review View EndNoteX7 ACROBAT RefWorks Q Tellme. JamesBu.. £ Share Insert Design Layout References Mailings Review View EndNoteX7 ACROBAT RefWorks Q Tellme.. JamesBu.. £ Share
B 1 M A style Y ) Manage Sources. B ¥ B & s PFind -
AB' T 2 Y =] sl
T L2 e Regey oo Bsye i ] 00 =y = L P PaBb| asmbea asbed | g,
able o nser nser nser ite While  Inser ar ar aste S5 e THeading! THesding? THeading3 =
@t Frzomo Gt Citation - €03 Bibliography ~ | YouWrite Caption 41 | Entry Citation - ¥ &-u 9 9 9 [t Select~
Table of Contents | Footnotes & RefWorks Citation Bibliography Citations & bibliography | EndNote | Captions | Index _ Table of Authorities & |Clipboard 13 Font 5 Paragraph 5 stles 5 Edting ~
Page1of9
Finite Element Method You are required to perform a finite element simulation and analysis for the following DC Motor Stator circuit.
FEM was developed by engineers, to address structural mechanics problems related to aerospace - -
and civil engineering. FM is a numerical method that is used for solving problems of mathematical ot St e P R
and engineering physics. It can be used for various reasons, problems such as structural analysis,
heat transfer, fluid flow and electromagnetic potential. The method uses mathematical equations to ST
solve the problems that it is given, in the assignment we are given the dimensions of the stator of a o
DC motor, and the FEMM 4.2 software will help us calculate flux etc. [3] [4]
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‘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. 5Smm he
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