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Technical Report
Abstract
DC motors were the choice of subject for this technical report since whilst working in electrics at the refinery the author of this report commonly interacted with them. It is because of this common interaction that the author wanted to expand their knowledge on how the equipment works and how different DC motors would react when subject to different scenarios.
Introduction
This report aims to investigate the workings of DC motors. This will be achieved through researching what a DC motor is, its construction, the working principles behind them and by performing a series of tests on both a DC series and shunt motor.
What is a DC motor?
According to RS (2023) DC motors are applications that create mechanical energy by converting electrical energy through direct current. This is done thanks to two key components, these being the stator and the armature. Magnets on the motor are both repelled and attracted by the magnetic force provided by the stator which causes the armature to rotate. 
DC Series Motor
According to Grimwood, T (2012) to allow the same current to pass through both windings the armature windings and the field windings are connected in series to the supply of power. This current is directly correlated to the magnetic flux. It is due to these factors that this motor provides a higher level of starting torque. This is the reason for it being used in such applications that need a remarkable amount of initial force such as fluid handling systems. However, the shortcoming of the DC series motor is the lack of a consistent speed. This varying speed is a result of changes in the mechanical load. It is because of these characteristics that the DC series motor is used in equipment that need a high starting torque and a variable speed. 
[image: ]
[bookmark: _Toc156394352]Figure 1 DC series motor diagram (Agarwal, T (2019)).
DC Shunt Motor
According to Tooley, M.H. (2017) the armature windings and the field windings are parallel with one another, so the voltage level is the same between both windings. Compared to a series motor the speed of the shunt motor more stable since the speed will remain the same as the load alters. Over a specific range this speed can be adjusted via external control methods and by varying the field windings. However, a disadvantage that the series motor has when compared to a shunt motor is the fact that its torque is not as high. It is due to these factors that the DC shunt motor is chosen over the series in applications that require a speed that is constant and where the variations of load are not as critical such as conveyor systems. On site they are commonly used in pumping systems.
[image: ]
[bookmark: _Toc156394353]Figure 2 DC shunt motor diagram (Agarwal, T (2021)).

Principles of Operation
Faraday’s Law
According to (Reed (1973)), Faraday’s first law is “The mass of an element liberated from or deposited on an electrode is proportional to the quantity of electricity which as passed”. Also, according to (Reed, 1973), Faraday’s second law is “The masses of elements liberated from or deposited on electrodes are proportional to the Chemical Equivalent Weight”. The formula for Faraday’s law goes as follows;

Equation 1 – Faraday’s Law
· ɛ = included voltage
· N = number of loops
· Δɸ = change in magnetic flux
· Δt = change in time 
Lorentz First Law
According to (Encyclopaedia Britannica (2023)) Lorentz first law refers to the force that a current carrying conductor within a magnetic field experience from the law. This law also alludes to a force’s direction is perpendicular to the direction of the magnetic field and the direction of current. The formula for Lorentz law goes as follows;
                                              )
Equation 2 – Lorentz First Law
· F = force
· q = electric charge
· E = external electric field
· v = velocity
· B = magnetic field
  
Fleming’s Left-Hand Rule
In reference to (Tooley, M.H. (2017)) the direction of motion or the force found within a current carrying conductor in a magnetic field is often calculated using Fleming’s left-hand rule. According to this rule, if you were to extend the thumb, fore finger and middle finger of you left hand so they are mutually perpendicular in the following directions; the thumb pointing towards the direction of current, the fore finger towards the magnetic field and the middle finger will show which way the force is directed.
Testing
· Run motor 10 minutes prior to testing to ensure the temperature of the motor is properly stabilized.
· Activate variable DC power supply and mains distribution panel.
· Raise voltage to 24 volts 
· Activate the 3 Amp Eddy Current Power Supply
· Gradually lower the speed of the motor as much as possible whilst increasing the voltage.
Results
When comparing results from the tables seen in appendices 1 and 2 it is noticeable that the shunt motor was able to operate at higher levels of torque with it being able to operate efficiently up to 0.7Nm whilst the series was 0.35Nm. In reference to (Bakshi, U.A. and Bakshi, M.V. (2020)) this is due to the shunt being able to keep a relatively constant field flux. However, the series provides a greater starting speed because of the windings being connected in series (refer to appendices 3 and 4). Like torque the shunt motor produced higher levels of current. This is down to the windings being parallel which ensures for a more stable magnetic field. It is because of the higher torque that more current needs to be produces. (Refer to appendices 4 and 5). The shunt motor also provided a greater power output at a better efficiency (refer to appendices 6 and 7). Again, this is due to the windings being parallel which allows for better improved maintenance of a constant magnetic field and production of stable torque and speed.  The final comparison that was made was speed/output (refer to appendices 8 and 9). From this the shunt motor produced more power at lower speeds. The is due to the shunt motor having a more stable torque/speed. Which leads to leads to a relatively stable speed over a variety of loads resulting in a better output of power.
Conclusion
From the DC motor tests the following observations were made:
1. The series motor has a higher starting speed; thus, it should be used in applications where a heavy starting load is present, and a high variable speed is required.
2. The shunt motor is more consistent, meaning that it should be used with equipment that requires a stable speed under varying loads and applications that have a light starting load such as fin fans.
After completing the report, the author greatly improved their knowledge and understanding of how both DC series and shunt motors operate, there strengths, there weaknesses and why they may be used in different situations in a refinery setting.
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Appendices
Series Motor Results (Appendices 1)
	Torque (Nm)
	Speed(r/min)
	Line Current (A)
	Input Power (w)
	Output Power (w)
	Efficiency (%)
	Back emf(v)

	0.01
	2095
	1.429
	34.30
	2.19
	6.40
	15.426

	0.05
	1690
	1.683
	40.39
	8.85
	21.91
	13.902

	0.1
	1350
	1.953
	46.87
	14.14
	30.16
	12.282

	0.15
	1110
	2.231
	53.54
	17.43
	32.56
	10.614

	0.2
	840
	2.523
	60.55
	17.59
	29.05
	8.862

	0.25
	603
	2.843
	68.23
	15.79
	23.13
	6.942

	0.3
	424
	3.123
	74.95
	13.32
	17.77
	5.262

	0.35
	271
	3.69
	88.56
	9.93
	11.21
	1.860




Shunt Motor Results (Appendices 2)
	Torque (Nm)
	Speed(r/min)
	Line Current (A)
	Input Power (w)
	Output Power (w)
	Efficiency (%)
	Back emf (V)

	0.01
	1658
	2.84
	68.26
	1.74
	2.54
	21.88

	0.1
	1545
	3.20
	76.78
	16.18
	21.07
	20.89

	0.2
	1342
	3.89
	93.46
	28.10
	30.07
	18.94

	0.3
	1169
	4.56
	109.49
	36.72
	33.54
	17.07

	0.4
	982
	5.33
	127.85
	41.13
	32.17
	14.93

	0.5
	792
	6.23
	149.47
	41.47
	27.74
	12.41

	0.6
	566
	7.24
	173.76
	35.56
	20.47
	9.57

	0.7
	345
	8.14
	195.26
	25.29
	12.95
	7.06












Torque/Speed
(Appendices 3) Series Motor results:
 Speed (r/pm)[image: ]
Torque (Nm)
(Appendices 4) Shunt Motor:
 Speed (r/pm)[image: ]


Torque (Nm)









Torque/Current
(Appendices 5) Shunt Motor:
 Current (A)[image: ]

Torque (Nm)
(Appendices 6) Shunt Motor:
 Current(A)[image: ]


Torque (Nm)






Efficiency (%)/Power Output
(Appendices 7) Series Motor:
 Efficiency (%)[image: ]
Power Output(W)
(Appendices 8) Shunt Motor:
 Efficiency (%)[image: ]


Power Output(W)








Speed/Power Output
(Appendices 9) Series Motor Results:
 Power Output (watts)[image: ]
Speed (r/pm)
(Appendices 10) Shunt Motor Results:
 Power Output (watts)[image: ]


Speed (r/pm)
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