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Question 1 

a) i) Which part of the output response is responsible for determining the stability of a 

linear system? 

[1 mark] 

 ii) Does the presence of entire row of zeros of a Routh Table always mean that the 

system has jω-axis poles? 

[1 mark] 

 iii) If there is a zero in the first column of the Routh table, what does this indicate? 

[1 mark] 

 

b) A plant has been modelled with a transfer function 

𝑇 𝑠 =
𝑠 + 8

𝑠! − 𝑠! + 4𝑠! − 4𝑠! + 3𝑠 − 2 

The plant exhibits some irregularities in its output response.  

i) Determine these irregularities by finding the number of poles located on the left-hand 

plane, right-hand plane and jω-axis, of the s-plane. 

[10 marks] 

ii) Is the system stable? Give your reason. 

[2 marks] 

 

c) A unity feedback system in Figure Q1c has a characteristic equation of 

𝑠! + 9𝑠! + 26𝑠! + 24+ 𝐾 𝑠 + 𝐾 = 0 

 Use the Routh-Hurwitz technique to prove that the system is oscillating at approximately 

18.3 rad/s. 

 [10 marks] 

 

 

 

 

 

Figure Q1c 

𝐾(𝑠 + 1)
𝑠! + 9𝑠! + 26𝑠! + 24𝑠 

R(s) C(s) + 

- 
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Question 2 

a) i) What does a root locus represent? 

ii)  When are we required to calculate the departure or arrival angles for the root locus of a 

     given system? 

[2 marks] 

b) A unity feedback system is as shown in Figure Q2b 

 

 

 

 

 

Figure Q2b 

The open-loop transfer function for the system is given by  

𝐺 𝑠 =
𝐾

(𝑠! + 6𝑠 + 10) 

i) Sketch the root locus of the system in Figure Q2b. 

[2 marks] 

ii) If another additional pole at s = -8 is included in the open-loop transfer function, 

draw the new root locus using the rules for plotting root locus. 

[14 marks] 

iii) Find the critically stable gain value and the corresponding frequency of oscillation 

for the system in part b(ii). 

[3 marks] 

iv) Discuss the effect of the additional pole at s = -8 has to 

- the root locus of the system 

- the stability of the system. 

[4 marks] 

  

𝐺(𝑠) R(s) C(s) + 

- 
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Question 3 
 
a) PI, PD and PID controllers are used to improve the performance of a system. What are the 

performances improve for each individual controller above.  

          [3 marks] 

b) A system having the block diagram as in Figure Q3b has a transfer function 

𝐺 𝑠 =
𝐾

𝑠 + 4 𝑠 + 6 (𝑠 + 10) 

When operating at a percentage overshoot of 4.33% without the controller, its settling time, 

Ts = 1.72 s and peak time, Tp = 1.35 s 

i) Find the dominant closed-loop poles location 

[2 marks] 

ii) Find the steady state error of the uncompensated system 

[3 marks] 

iii) Design a controller so that the settling time is reduced to 0.5 s with ess = 0, while 

maintaining the same percentage of overshoot. 

[14 marks] 

iv) Sketch the root locus of the compensated system. 

[3 marks] 

 
 
 
 
 
 
 

Figure Q3b 
 

  

G(s) R(s) C(s) + 
- 

Gc(s) 
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Question 4 

a) In frequency response analysis, the frequency of the input signal is varied while the resulting 

output response of a given system is observed. Define the following term: 

i) Gain margin 

ii) Phase margin 

iii) Gain crossover frequency 

iv) Phase crossover frequency 

v) Critical stability  

[5 marks] 

b) A unity feedback system represented by Figure Q4b has an open loop transfer function as 

𝐺 𝑠 =
𝐾

𝑠 + 1 𝑠 + 10 𝑠 + 80  

 
 
 
 
 
 
 
 

Figure Q4b 
 

i) By using the straight line approximation method, plot the bode plot of the open loop 
system when K = 1500. 

[10 marks] 
 

ii) Determine the stability of the system. 
 [2 marks] 

 
iii) If an additional gain K of 20 dB is added to the system in part b(i), what is the new gain 

margin and phase margin?  

[4 marks] 
iv) From the bode plot in part b(i), a phase margin of 45o is needed. Find the additional gain 

K needed and its corresponding gain margin. 
[4 marks] 

 
 

  

G(s) R(s) C(s) + 

- 
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Question 5 

a) The phase margin of a system can be changed using the following methods: 

- Gain adjustment 

- Lag compensation 

- Lead compensation 

Discuss the effects of each of the above compensation technique on the system’s stability and 

steady state error. 

           [9 marks] 
 

b) A unity feedback system in Figure Q5b has a forward transfer function given as 

𝐺 𝑠 =
𝐾

𝑠 𝑠
2+ 1 (𝑠6+ 1)

 

 
The open loop Bode plot for the system for K = 1 (without the controller/compensator Gc(s)) 

as shown in Figure Q5b(i) and Figure Q5b(ii). 

 
i) The system is needed to operate at a velocity error constant, Kv = 5. Make the necessary 

adjustment on the Bode plot so that this velocity error constant is achieved. 

[4 marks] 

 

ii) Design a lead compensator to obtain the phase margin of approximately 45o with a closed 

loop bandwidth is bigger than 4 rad/s and maintaining the same Kv.  

[12 marks] 

 
 

 
 
 
 
 
 
 

Figure Q5b

G(s) R(s) C(s) + 
- 

Gc(s) 


