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Task 1 — RC Circuit First Order System
Figure 1 shows a RC circuit that can be analvsis using time and frequency response.
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A) Determine the transfer function for the circuit and using this produce the time response

equation.

Using Kirchhoff's Voltage law

Ri(t) + %J-i(t)dt = Vin(t) /

Use the first derivatives

di(t) 1 dvin(t)
R Tc®=—4 /

Using Laplace transform :
I(s) .
sRI(s) + < - sVin(s) /
1 ;
I(s) [R + E] = Vin(s)

Va® = IR+ 2] ()
And
Vour = 2Ji(0dt /

dVour _ (1)
dt c
Using Laplace transform

sVout(s) = ?
I(s) = sVyut(s) x C
Sub into (1)

no/
Vin(8) = sVoue(s) X C [R + E] /
an(S)
Vour(s)

Kk
=SC[R + —]:CR5+1
Cs

Vour(s) _ 1

Vin(s)  CRs+1
Vout (s) _ 1/CR /
Vin(s) s+ l/CR

Take inverse Laplace transforms:
Vout(t) _ i 52 e-& v
vin(® ~ CR 7

1 _&
Vout(t) = vin(t) x Eﬁe L4




B) Use Matlab to produce the time response plot when 20V dc voltage is applied at Vin and

also to calculate the time constant, delay time and rise time. Confirm the plot by using
Simulink.

Figure 1 illustrates the time response, this was produced by writing a code which has the

calculations and values entered, and the graph is then produced by using the ‘plot’
command.
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Figure 2 illustrates the Simulink model which was produced to confirm the results of
the program above, as Figure 2 shows, both graphs are the same which confirms the results.
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C) If a sine wave is now applied to the input the frequency response of the circuit can be

determined. Use a 1V peak to peak sine wave and Matlab to produce the frequency

response for the magnitude also determine the cut-off frequency.

Figure 3 illustrates the code which was produced to find the frequency response and

shows the cut off point for this Circuit, the cut off point for this circuit is 0.77, and Figure 4 shows

this.
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D) The frequency response can also be represented using a Bode plot which will include

magnitude and phase plots. Use Matlab to produce a Bode plot and confirm the results

using Multisim.

Figure 5 illustrates the graphs which was produced using multisim, the graphs

produced show a bode plot, which includes the magnitude and phase plots.
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Figures 6 and 7 illustrates the results being confirmed on multisim, it shows the circuit
which was built to test, it also shows the magnitude and the phase.



Task 2 - DC Motor Model

A) Using Matlab write an m-file to find the motor constant KM and to plot the speed-torque

Figure 7 illustrates the code which was produced to find the constant KM, Figure 8

illustrates the graph which was produced using the code.
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B) Build a Simulink model for the armature-voltage controlled DC motor. The motor
parameters are Ra = 1.5Q, La = 0.14H, Km = 0.03Nm/A, J = 0.0004kgm2, b = 3.4x10-
6Nms/rad and Va = 6V.

Figure 9 illustrates the Simulink model which was produced for the armature voltage, the
graph illustrates the speed against time.
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C) Run the simulation model and plot the speed response (in rpm) for the first 16 seconds
when the load of a DC motor changes between 0.02Nm and 0.04Nm with frequency
D.125Hz.

Figure 10 illustrates the speed response for the first 16 seconds, the graph shows

the motor overcoming the initial friction and then settling into a steady state.
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D) Find out the steady state angular speeds (in rpm) at load 0.02Nm and 0.04Nm,
respectively.

Figure 11 illustrates the motor set at 0.02Nm, the steady state for this is approximately
1600 rpm, Figure 12 illustrates the motor set at 0.04Nm, and the steady state for this is
approximately 1300 rpm. )
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Task 3 - Position Control Servo

A) Sketch a block diagram for the system.
Figure 13 illustrates a simple block diagram for the circuit.
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B) From your block diagram show that the transfer function for the system is:

K, K,K
BO(S)_ AP %

0;(s) _(Sz +ﬁ+ KAKPKf]
I I

The transfer functions for negative feedback system.

8, __ GG ,
0, 1+G(s)H(s) /
_ K5 :
G(s) =K, X —"_s(s+B/,) I
H(s) = Ke
The overall Transfer function
KAKF/[
() Xy
0:(s) KaRe/ |
1+ Kp x ;—(TB/';' /
KPKAKF/I
0o(s) s2+ BS/|
0iis) K/
1+ s24 Bs/l
So
0,(s) At I

0s) ~ 52y Ty KA



C) A unit step input is to be applied to the position control servomechanism and the following

parameters are applied:

. KA=1.0

. KP = 5Vr-1

. Kf = 8mAV-1

. | = 2x10-4Kgm2
Find the value for B to create a critically damped system and using this value determine the

poles of the system. Use Matlab to show that the system is critically damped by obtaining the pole

plot and also to show stability.

Figure 14 illustrates the formula which was derived to find the value of B
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Figure 15 illustrates the code which was written in matlab to produce a graph

which shows the pole plot and stability of the circuit.
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Figure 15



Figure 16 illustrates the graph which was produced, it shows the system as being

critically damped as it has no oscillation with the fastest response.
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D) Obtain the time response of the system using Matlab and compare its performance by

modelling it in Simulink.

Figure 17 illustrates model that was produced by using the block diagram in part A,
this model allows the response of the system to be obtained by using a scope to produce a graph

of the performance.
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Figure 18 illustrates the response of the system which was produced by the scope in
the model, this graph shows the system response is good as there is no overshoot and shows a

steady power stream once the system has reached the correct parameters.
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Task 4
An electrical system modelled by

197.54
2
G(S) — —-2.05s+3.96

Using the trial and error methods, find out parameters Kp, Ki and Kq of the PID controller in
Simulink so that the closed-loop system can achieve overshoot ¢ = 0%, rise time tr less than 0.18
second and zero steady-state error. Plot the unit step response of this closed-loop system for the

first 1 second

Figure 19 illustrates the system which was produced in Simulink, it shows the system and

how stable it is before adding PID
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Figure 20 illustrates the system after adding PID but without making any changes to the
values, it also shows the graph of how the system stability has changed.
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Figure 20

Figure 21 illustrates the system after adding PID and adding a higher value into the
integrator of the PID system. This figure shows the integrator value is set at 5 and shows how

unstable the system has become.
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Figure 22 illustrates the graph of the system with the integrator value set at 0.5, this

shows a more stable system as the curve produced is a lot more linear.
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Figure 23 illustrates the system once all values on the PID system have been
changed to make the system as stable as possible, this set up on the PID system meets the
rudiments which are stated in Q4.
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Task 5

a. Write a Matlab file to plot the Nyquist diagram for the open loop transfer function of a
servo control rig given below.

0.03868s’ —5.369s* —97.34s+13450
s* +169.8s> +1730s+159

L(s) =

Figure 24 illustrates the code which was produced to plot a Nyquist diagram for the

open loop transfer function.

h:merato:=[0.03€65 =5.36% -97.34 13450];

denominator=[1 16%.% 1730 159 0.003

RIG=tf ( [numerator], {denominator]); % Froduc

nyguist (RIG) ¥ Prodcue the Nvguist response Grapgh .
//

Figure 24

Figure 25 illustrates the Nyquist plot which was produced for the open loop transfer

function.
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b. Is the closed-loop system L(s)/(1+L(s)) stable? If yes, find the stability margins.

Figure 26 illustrates the code which was produced for the closed loop system on

the transfer function.

RIG=tf ([{numeratoxr], {denominatox]),; & Froduce transfer function
nyguist (RIG) ¥ Produce the Nyguist response
pause

/

/s
kode (RIG) £ Produce the Bode plot ﬁ/
grid

Figure 26

Figure 27 illustrates the Nyquist diagram and the bode plot which was produced for

the closed loop system.
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L(s)

1+ L(s)

C) Plot the Bode plot of the closed-loop transfer function G¢(s) = and find the peak

Figure 28 illustrates the bode plot of the closed loop transfer function.
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D) Build the system model with a Pl controller gain and initial gains Ki = 0.1 and K, = 0.5 in
Simulink and then run the simulation. Plot the position response curve for the first 10
seconds if the reference position angle is a square wave with amplitude 40 degrees and
frequency 0.2Hz. Manually tune the PI controller's gains in the Servo Control Rig so that
the closed-loop system can achieve overshoot ¢ < 5% and settling time ts < 1.0sec.

Describe the tuning procedure in detail.

Figure 29 illustrates the Pl controller which was produced on Simulink, the values for P
and | were set at the initial values stated in the question, the graph which is down on figure 28
shows the system is not within the tolerances given, so tuning will have to be done to the P and |

to insure it is in tolerance.
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Figure 29 illustrates the PI controller once the values had been changed to ensure it
was within the tolerances given, the Proportional was first changed to remove oscillation and bring
it down to a steady level. The Integrator was then changed to a value which reduces the settle in
time, this allows it be within the 2 second time limit given. The P values is now set at 0.4, and the |
value is now set at 0.02, as the graph on figure 29 shows, it is within all tolerances.
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