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Abstract

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.

W has taught me basic knowledge on magnetism and magnetic flux, and how it works
within a motor.
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Introduction

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.

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]

Armature (rotor)

Brush

Citation Needed

Figure 1 - Brushed DC Motor




Magnetism

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.

Figure 2 - Magnets




Finite Element Method

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.




Method

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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Figure 3 - Motor Design

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.

Figure 4 - Boundary




Once the design is completed, we mesh the design, that generates a triangular mesh for the
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.

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.

Figure 6 - Magnetic Flux




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;

(Total Flux — Useful Flux)
Total Flux

Total Flux Leakage =




Results

Total Flux

To calculate total flux, a line must be put across on of the armatures, and then the equation button
must be pressed.

Figure 7 - Total Flux

The flux calculated for the stator circuit = @ e 05




Flux Cutting the Rotor Coil

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




Flux Leakage Factor

To calculate the flux leakage factor, the following equation must be used;

(Total Flux — Useful Flux)
Total Flux

Total Flux Leakage =

(6.45751E — 05 — 2.28037E — 05)
6.45751E — 05

Total Flux Leakage =

Total Flux Leakage = 64.69 %

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.




Discussion

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,\C0mparing
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.

Sukprisingly 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.




Conclusion

n this assignment, | have learnt about how magnetism and flux works within DC motors. It has
e with some of the results as they weren’t expected, such as how much flux leakage that
thereis, and w he most useful flux is in the stator.

| have also learnt how to use ti
that | can use it again for other various p

programme. This was new to me and has given me confidence
ms that may arise in the future.

My knowledge in general has vastly improved with this ment, realising how magnetism and

magnetic flux works within a motor, also magnetism in general.
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