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Question 1
a) The forward path transfer function of a unity feedback control system is given by: 
 


When the gain, K, is set to a value of 63, the frequency response characteristics of the system are shown in TABLE Q1(a).

	Frequency (rad.s-1)
	Magnitude (dB)
	Phase Angle (degrees)

	0.01
	10.88
	-0.86

	0.04
	10.87
	-3.44

	0.08
	10.85
	-6.86

	0.16
	10.76
	-13.64

	0.32
	
	

	0.64
	9.15
	-48.93

	1.28
	5.75
	-78.00

	2.56
	-1.00
	-102.99

	5.12
	-11.77
	-118.42

	10.00
	-25.77
	-126.43



TABLE Q1(a)

Calculate the missing values of Magnitude (in decibels) and Phase angle (in degrees) when the frequency = 0.32 rad.s-1.

[8 marks]

b) The transfer function of a second-order control system is represented by the Bode diagram in Figure Q1(b). Given that the system has three break frequencies, ω1 = 2 rad/s, ω2 = 15 rad/s, and ω3 = 20 rad/s, derive the system's transfer function.
 [10 marks]
[image: https://lh7-qw.googleusercontent.com/docsz/AD_4nXdMKeR2yWprny7K3iM3op1FXtTBsiKvHMOC3aUr7lO8cZBSP9fCrddg9rztL4MjIiHLUofOuZEp8yW1KGM6S3VJL1Fe5C5neEsNQjDBBDnFwaCASv7qwnLnRCOHcfBEh3EnJ_Q9hjiG992uYdWw7ZEjSRc?key=zGu4C4Jsw-hkOyxyFzsapQ]

Figure Q1(b)

c) Use a method to determine the relative stability of the system shown. Add your annotations to the figure. 
[7 marks]















Total for this question is 25 marks




Question 2
(a) Discuss the potential stability of the following closed-loop transfer function denominators, providing explanations based on the Routh-Hurwitz Criterion.

(i) [bookmark: _Hlk108778141]s3 + 5s2 + 3s + 2
(ii) [bookmark: _Hlk108778192]s4 + 4s3 + s2 + 2
(iii) s5 + 3s4 + 5s3 + s2 - 2s + 4
[3 marks]

(b) Analyse the block diagram shown in Figure Q2. Use the Routh Array method to determine the range of K values that ensure system stability.
+
-

R(s)
Y(s)
K












	Figure Q2

[16 marks]

(c) Transform the diagram shown in Figure Q2 into a unity feedback system and determine the system's class number.
 [6 marks]


Total for this question is 25 marks














Question 3

(a) Figure Q3(a) shows a block diagram of a closed loop system. Derive the overall transfer function of the system showing all the steps involved. 
[6 marks]
+
-
G(s)
R(s)
Y(s)
H(s)










Figure Q3(a)

(b)  The system depicted in Figure Q3(b) consists of a water tank heated by an electric element controlled by a solid-state relay (TY100) and a stirrer. It also includes a controller (TC100) and a temperature transmitter (TT100) equipped with an RTD. The tank is uninsulated, leading to a significant rate of heat loss.[image: ]












Figure Q3(b)

The water tank, heater, and stirrer can be represented as a first-order system with a gain of 0.4 and a time constant of 80 seconds. The temperature transmitter is modelled as a first-order system with a gain of 1 and a time constant of 3 seconds.
i) Draw the complete control system block diagram and represent each component with its corresponding transfer function
 [5 marks]




Question 3 continued

ii) A proportional controller with a gain of Kp is to be used for TC100. Simplify the block diagram from part (i), derive the overall transfer function in terms of Kp, and calculate the overall gain and steady-state error percentage for a step input when Kp = 0.2.
 [14 marks]
Total for this question is 25 marks


































Question 4

(a) Produce the overall closed loop transfer function of the system shown below in Figure Q4 of a unity feedback control system.
[4 marks]
	+
-

R(s)
Y(s)










Figure Q4

(b) By comparing your result from part (a) with the second order standard from transfer function; find the following parameters for the output time response to a unit step input:    

(i)   	Natural frequency
(ii)  	Damping factor 
(iii) 	Damped frequency
(iv) 	Rise time from 0 to 100% of final value
(v) 	Peak time
(vi) 	Percentage overshoot
(vii) 	Settling time to within + 2%
(viii) 	Number of oscillations during settling time
[16 marks] 
 
(c) Plot the poles of the system on an Argand diagram.					     [5 marks]


Total for this question is 25 marks











Question 5

The block diagram in Figure Q5 consists of 7 individual transfer blocks, where the notation for 's' has been omitted for simplicity. For example, G1 would typically be written as G1(s).

(a) Show how this diagram could be reduced to a single transfer function T = Y/R using standard block diagram reduction methods, and derive an expression for T in terms G1, G2, G3, G4, H1 , H2 and H3.
[12 marks]

(b) Given the following transfer block equations, derive the final expression for T in terms of ‘s’:
G1 = 3 				H1 = 1
G2 = 2/(s + 1)				H2 = 2	   
G3 = 2     			
G4 = 1/s   			
[6 marks]

(c) Analyse the system and find the poles and zeroes, plot the argand diagram and comment on the system’s response to a step input.
 [7 marks]
[image: ]


Figure Q5


Total for this question is 25 marks

TRANSFORM SHEET
	Time function
f(t)
	Laplace Transform 
F(s)
	Z-Transform 
F(z)

	Zero-order-hold
	
	1


	Unit step 
u(t)
	
	

	k step
	
	

	t (unit ramp)
	
	

	e-at
	
	

	1 - e-at 
	
	

	
	
	-

	
	
	-

	
	
	

	
	
	


FINAL VALUE THEOREM





Formula Sheet
G(dB) = 20 log (k)
Standard Form Frequency Response Second Order Transfer Function
       k(1 + jw/wC1)
(1 + jw/wC2)(1 + jw/wC3) 
The formula for Phase Margin (PM) can be expressed as:  PM = Φ – ( -180o)

Where ∅ is the phase lag (a number less than 0). This is the phase as read from the vertical axis of the phase plot at the gain crossover frequency. 
Standard form first order transfer function	     Standard form second order transfer function

[image: https://lh6.googleusercontent.com/VeiSlUj89-riRHl1XI5qQ5xx2dzwEnjcsfUE2RW9e0aErFe2hr5Yt0twRdWUz5ocusRsElE9lbHJ7mla6dBb1MUEiw2qDVhmPPSYYVjqV0foYGf69iX5-dIoT4unqUMYY_pOZRjWV5SY6a6b_1ql-7uLVxv0buZZTwo1w-_Isjy4b6MPzAXzTHTV]G(s) = Y(s) =    K
           X(s)    1 + 𝞽s

where

K = gain
𝞽 = time constant 
[image: ]








Oscillation frequency, 		% overshoot = 100 

Rise time, 		Settling time (2%), 


Peak time,  = Oscillations during settling time, n = 

Final Value Theorem
lim {y(t) } =lim {s Y(s) } = lim {s T(s) }
       t → ∞               s → 0       s → 0      

  = 1 -                                  		
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