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Objective:
The objective of this project was to model an industrial separately excited DC motor using a design software and to also design a robust fast acting speed control scheme.
Design:
The following diagram shows the basic DC motor design.
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Fig 1 – Basic DC Motor Design3
DC Motors of different genres abound. They are used abundantly across different industries including paper mills, robotics, guided vehicles, conveyors. As can be noted the voltage source is AC. This is followed by a transformer which is then fed into a “6-Pulse Rectifier” which produces a directed voltage and current. This is connected across the motor. To simplify the design, the armature resistance and inductance has been shown as one impedance.
A PID Speed Controller was used. This has two loops. Namely, a neural network based dynamic speed reference tracking regulator and a supplementary motor dynamic output power tracking loop to ensure maximized and efficient utilization of the full DC motor drive system. The following figures elaborate on the design.
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Fig 2 – Basic PID Design3
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Fig 3 – DC Motor Drive Model3
The following were the parameters chosen for the design.
	Parameter
	Label
	Value

	Ra
	Armature Resistance3
	0.139Ω

	La
	Armature Inductance3
	0.045H

	Kp
	Voltage to Speed correction parameter3
	5.262

	Ki
	Voltage to Speed correction parameter3
	26.586

	Kd
	Voltage to Speed correction parameter3
	0.3498

	Kα
	Phase Angle to Voltage correction parameter3
	0.2

	Ke
	Motor Torque to Motor Current proportionality constant3
	1.91

	Km
	Motor EMF to Speed proportionality constant3
	1.91

	B
	Motor Viscosity3
	0.6Nms

	J
	Motor Moment of Inertia3
	3.5Nms2

	TL
	Load Torque3
	200 + ωm + 0.05ωm2

	Vm
	Rated Voltage3
	240V

	Pm
	Rated Power3
	40kW

	ωm
	Rated Speed3
	1150rpm

	Vs
	Transformer Secondary Voltage1
	240V (L-L)


Table 1 – Parameter Values
Before I provide dynamic responses of different design variables, it would be best if I first provided some background knowledge.
Using Kirchoff’s Voltage Law in figure 1, the following equation can be derived.
Vm = ImRa + Ladim/dt + Em      -- (i)
where,
Vm is the input voltage to the motor

Im is the motor current

Em is the voltage left for the motor, not affected by it’s impedance. 

Using Newton’s Second Law, the following equation can be derived.
Tm = Te – Jdωm/dt - Bωm             -- (ii)
where,

Tm is the Motor Torque
Te is the torque produced by the voltage not accounting the losses

Dynamic Responses:
Since it was earlier derived in Table 1 that TL = 200 + ωm + 0.05ωm2, the following plot can be made.
[image: image4.jpg]450

400

Angular Speed (rads)

1000 2000 3000 4000 5000 BOO0 7000 8000 9000 10000
Torque Load (Nm)




Fig 3 – Plot of Angular Speed VS Torque Load

It can be noted that there is a positive relationship between the torque load and angular speed. As one increases, so does the other. According to [3] in the reference, for such parameters Te = 50 + ω + 0.0115ω2. According to references [1] and [2] we can assume sinusoidal speed variation. With ωref = 120.4 rad/s. So let’s assume ωm= 120.4sin(0.628t). This would generate the following graph of ωref vs time.
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Fig 4 – Plot of Reference Angular Speed VS Time
Bearing in mind that Te = 50 + ωm + 0.0115ωm2, the following graph can be plotted.
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Fig 5 – Plot of Induced EMF Torque VS Time
The inertial torque can be defined as Tacc = J dωm/dt.
We know ωm = 120.4sin(0.628t) and J = 3.5Nms2
This implies that dωm/dt. = 75.6112cos(0.628t), so Tacc = 3.5(75.6112cos(0.628t))

Finally, Tacc = 264.64cos(0.628t), the following graph show it’s plot.
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Fig 6 – Plot of Inertial Torque VS Time

Also the damping torque Tb = Bωm , but since B = 0.6Nms and ωm = 120.4sin(0.628t)

This means Tb = 0.6(120.4sin(0.628t)). The following graph depicts this.
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Fig 7 – Plot of Damping Torque VS Time

Using equation (ii), we note that Tm = Te – Tacc – Tb. This is plotted on the following graph.
[image: image9.emf]MotorTorque

-300.00

-200.00

-100.00

0.00

100.00

200.00

300.00

400.00

0 2 4 6 8 10 12 14 16 18

Time (s)

Motor Torque (Nm)


Fig 8 – Plot of Motor Torque VS Time

Recall, Te = 50 + ωm + 0.0115ωm2. Also Te = keIm. From table 1, ke = 1.91. This means

Im = (1/1.91)(50 + ωm + 0.0115ωm2) ==> dim/dt = (1/1.91)(dωm/dt + 2(0.0115)ωm dωm/dt)
Also recall, Vm = ImRa + Ladim/dt + Em . Also Em = kmωm. Using parameters from table 1 

we can write Vm = 0.139Im + 0.045 dim/dt + 1.91ωm. Knowing  ωm = 120.4sin(0.628t) and

dωm/dt. = 75.6112cos(0.628t), We can plot variations in Vm, Im  & Tm.
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Fig 9 – Plot of Motor Voltage VS Current
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Fig 10 – Plot of Motor Torque VS Current
Conclusion:
It can be concluded that a PID can be used to control the motor speed. There are certain issues which hamper the PID performance. These issues include the inertia of the machine, viscosity of the gear fluid, and friction. It can also be noticed that an increase in torque leads to an increase in the machine speed. A sinusoidal waveform can be used for a speed reference. What makes the PID functional is the power and speed feedback.

Recommendation:

This project could have been more easy to do if the professor could have arranged a tutorial on “Simulink” which would have helped a lot of students.   
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