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Q1.  

(a) Explain the Open loop and close loop control systems with the aids of block 

diagrams.                                            

                                             (6 marks) 
 

(b) An Automobile brake control system can be represented by the block 

diagram shown in Figure Q1(b). Using block diagram reduction techniques, 

find the following transfer functions for this control system. 

 

(i) Y(s)/R(s)                                                                             

(4 marks) 

(ii) Y(s)/D(s)                                                                              

(10 marks) 

 
 

 Figure Q1 (b) Automobile brake control system. Where R(s) is the input, D(s) 

is the disturbance and Y(s) is the output. 

 
(c) A mercury-in-glass thermometer has the following transfer function. Please 

sketch the output temperature over the time when an impulse input is applied 

to the system. 

 
 

(5 marks) 
 

          (Total 25 marks) 

 
             PLEASE TURN THE PAGE…. 
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Q2. 

(a) The differential equation for a car suspension system is : 

 
 

Where θo is the output and θi is the input. 

 

(i) Find the transfer function of this system.                         (4 marks) 

(ii) Find the damping factor.                                                  (2 marks) 

(iii) Find the damped frequency.                                            (2 marks) 

(iv) Find the subsidence ratio.                        (2 marks) 

(v) Find the 5% settling time ts.                                             (2 marks) 

 

 

(b) The block diagram of a servo control system can be shown in Figure Q2(b).  

 
Figure Q2 (b) a servo motor control system 

 
 
Determine the steady state error (ess) for a ramp function response of the above 
system.                                                              

                                                                                                      (7 marks) 
 

(c) Apply Routh-Hurwitz stability criterion to determine the range of values of K 

for a robot control system with the transfer function of T(s)                                                                                                                                                

which will result in a stable response. 

                                                                                         

 

 

 

   (6 marks) 

 

      Total 25 marks 
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Q3. 

 (a)   A RLC circuit is shown in Figure 3(a) below.  
  
 where C is the Capacitance, L is the Inductance, R is Resistance, I1(t) is the 

total current and V(t) is the source voltage. 
 

 
 

Figure 3(a): RLC electrical circuit  
 

(i) Develop a differential equation for the RLC electrical circuit shown in 
Figure 3(a) above.                                                                            

(8 marks)      
         

Determine the Laplace transforms of the differential equations obtained from (i) above. 
Assume that the system is subjected to a unit step input ,the initial conditions of the 
system are zeros (i.e. at time = 0, x, x’, x’’ are all zeros) and the capacitor is initially 
discharged as the following expression.  
 

                                                                        (2 marks)  
 
 

(ii)  Determine the transfer function G(s) = Vc(s)/V(s)                   (2 marks) 
 
 
 
 
 
 

Question 3 continues over the page…. 
 

PLEASE TURN THE PAGE…. 
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Question 3 continued…. 
                                                                                                     

  (b)  A suspension system for a scooter is shown in Figure 3(b).  
              where  

f(t) is the input force, y1(t) and y2(t) represents the output displacements, 
k1, k2 and k3 are the spring stiffness constants, C is the viscous damping 
coefficient. 

                

 
 

                             Figure 3(b) A suspension System 

 

(i) Develop the differential equations for the suspension system  

(3 marks) 

 

(ii) Determine the Laplace transforms of the differential equations obtained 

from (i) above. Assume that the system is subjected to a unit step input, 

y(0) =0 and y’(0)=0.       (6 marks) 

 

(iii) Determine the transfer function G(s)=Y1(s)/F(s)   (4 marks) 

 
Total 25 marks 

 
 
 
 

PLEASE TURN THE PAGE…. 
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Q4  Figure Q4 shows a mechatronic control system, in which the   
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and a controller Gc(s) is applied into the system.  

Gc(s) Gp(s) 
+ 

- 

 Input(s) Output(s) 

  
Figure Q4 A Mechatronic Control System  

 The design criteria for this system are:  

Rise time < 3 sec 
Overshoot < 15% 
Steady state error <= 0.02 (for a unit parabolic input = 1/s3) 

 
(a) Design a PID controller to determine the parameters Kp, Ki, and Kd and 

clearly identify the design procedure.              (18 marks) 

 
(b) If a velocity feedback is introduced into the system of the Figure Q4, 

draw a block diagram with the velocity feedback and determine the transfer 
function for the whole system.                (7 marks) 

 
    

    Total 25 marks 
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Q5.  Figure Q5 shows a manufacturing system which includes a CNC machining 

centre, a sensor system, and an industrial robot with its control system. 
 

 
 
   Figure Q5 A Manufacturing System 
 
The CNC machining centre is controlled by its digital controller. The sensor 
system detects the types of component on CNC machine table and sends the 
detected analogue information to the robot controller.  The robot picks and 
places the components from the CNC machine table and sends digital control 
signals to the CNC machining centre.   

 
(a) Draw a closed-loop control system, with the help of a block diagram, for the 

manufacturing system shown in Figure Q5. Clearly identify all the elements 
and explain how the whole closed-loop control system works.  (7 marks) 

 
(b) If the robot  controller has a 10 bit Analogue to Digital Converter with the 

signal range between -15 Volt to +15 Volt: 
 
(i) What is the resolution of the AD converter?   (2 marks) 

 
(ii) What integer number represents a value of -8 Volts?  (2 marks) 

 
(iii) What voltage does the integer 1000 represent?  (3 marks) 

 
(iv) What voltage does 0100110101 represent?            (3 marks) 

 
 

 
 

Question Q5 continued over the page…. 
 

PLEASE TURN THE PAGE…. 
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Question Q5 continued…. 
 

(c) If the CNC machining centre consists of a Digital to Analogue Converter 
with zero order element in series with the sensor system, as shown in 
Figure Q5 (c),  which has a transfer function 
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find the sampled-data transfer function, G(z) for the digital control system . 
The sampling time, T, is 0.02 seconds. (8 marks) 

 
Figure Q5 (c) 

 
Total 25 marks 

 

Q6. 

 (a) An automated assembly line is assembling a car model. The line involves 
the processes of: plastic mould arriving, spray painting, and metal logo 
fixing. 

You are asked to select sensors to detect the following: 

 the arrival of a plastic moulding 

 the presence on the model of paint of the correct colour 

 the correct presence, orientation and position of the metal logo 

 Use your answer to part a) above to justify your recommendation for 
each sensor selected.        (9 marks) 

Question Q6 continued over the page…. 

PLEASE TURN THE PAGE…. 
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Question Q6 continued…. 
 

(b) Figure Q6(b) shows the driven system with a compound gear train for this 
automated assembly line. A DC motor with a maximum speed of 1500 rpm, 
a maximum torque of 50 Nm and a maximum power of 800 W has been 
selected. The system has used a gear train, where the first driver Gear A 
has 20 teeth, Gear B 40 teeth, Gear C 12 teeth and Gear D 48 teeth. 

 
  

Figure Q6(b) The driven system 
 

(i) If the load torque is 200 Nm and it is operating at a constant 
angular velocity of 20 rpm, can the selected motor meet the load’s 
torque and speed requirements?   (6 marks) 

 
(ii) If the load needs to be accelerated from rest to the speed of 20 

rpm within 0.2 second, can the selected motor meet the load’s 
torque requirement?  (6 marks) 

 
(iii) Check the power for above two cases (i) and (ii).    (4 marks) 

 
 

Total 25 marks 
 

END OF QUESTIONS 
 

 

 

 

 

Formula sheets over the page…. 
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Formula sheet 
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Steady-State Errors 

)]())(1([lim
0

ssGse iO
s

ss 
 (for an open-loop system) 

 

)](
)(1

1
[lim

0
s

sG
se i

o
s

ss 





(for the closed-loop system with a unity feedback) 
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(if the feedback H(s) ≠ 1) 
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(if the system subjects to a disturbance input) 

 

Laplace Transforms 

 

A unit impulse function 1 

 

A unit step function  s

1

 

 

A unit ramp function  
2

1
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First order Systems 
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                               (for an impulse input)   

 

Second-order systems 
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