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SECTION A (Total: 40 marks) 

 

INSTRUCTION: Answer ALL questions. 

Please use the answer booklet provided. 

 

 

Question 1 

 

(a) i. Explain the different between open-loop and closed-loop control system 

(2 marks) 

ii. Describe three (3) types of controller that are normally used in control system 

(3 marks) 

iii.  The mechatronic design process consists of three phases. List all three (3) 

phases. 

(3 marks) 

iv. Briefly describe the meaning of modeling and simulation. 

(2 marks) 

 

(b) A simple physical system with a few sensors and actuators need to be integrating 

with a computer system. Draw and label a block diagram of complete mechatronics 

system with the essential elements of mechatronics. 

(5 marks) 

(c) Power systems are designed to transmit large quantity of electrical energy. List two 

types of power systems devices. 

(2 marks)  

(d) Explain the discrete control system and give an example. 

(3 marks) 

 

 

Question 2 

 

(a) Describe product development and give two (2) examples of product. 

(4 marks) 

(b) The product live cost and profit cycle can be divided into two phases; premarket 

phase and market phase. Draw the curve of product live cost and profit cycle and 

explain each of phases in terms of profit and loss. 

(5 marks) 
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(c) Illustrate with a block diagram a traditional design process in mechatronics design 

approach. 

(3 marks) 

(d) Explain the differences between concept generation and concept selection in 

conceptual design. 

(4 marks) 

(e) Figure 1 shows the power-assisted device that Company A plan to introduce in the 

fourth quarter of year 2010. The mission statement of the product planning is shown 

in Figure 2. Produce four (4) steps of product planning activities from planning to 

production ramp-up. 

(4 marks) 

 

Figure 1: Power-assisted device 

 

 

Figure 2: Mission statement 
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SECTION B (Total: 60 marks) 

 

INSTRUCTION: Answer only THREE (3) questions. 

Please use the answer booklet provided. 

 

 

Question 3 

 

(a) A PCB drilling machine can move 1000 mm along the x-axis and 500 mm along the 

y- axis. The machine drilling head is driven by a combination of lead screws and 

electric motors. Each axis has an absolute encoder which permits a placement 

accuracy of 0.01mm. 

i. Calculate the minimum number of code bits required to achieve the designed 

placement accuracy on the x-axis. 

(5 marks) 

ii. Describe the difference between incremental and absolute encoders using 

the above mechatronics application as a practical example. 

(4 marks) 

(b) Refer to Figure 3, describe the working operation of inductive proximity sensor. 

 

 

Figure 3: Inductive proximity sensor 

 

(c) A thermocouple giving an output of 0.5mV/°C. find the word length required when its 

passes through ADC if temperature from 0°C to 200°C are to be measured with the 

resolution of 0.5°C. 

(6 marks) 

(d) Inverting operational amplifier which has a resistance of 1 MΩ in the inverting input 

line and feedback the résistance of 20 MΩ. Calculate the voltage gain of the circuit. 

(2 marks) 
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(a) Determine the inputs and outputs of the PIC.       (2 marks) 

(b) Describe the functionality of the component label X1, CRYSTAL, 20MHz.  

(2 marks) 

(c) Create a program of pin configuration for push buttons (PB) and LEDs at PORT A 

and PORT C. 

(4 marks) 

(d) Based on Figure 5 and Figure 6  create a main program of LED blinking pattern 1 

and pattern 2. Pattern 1 will be blinked if PB1 is pressed and pattern 2 will be blinked 

if PB2 is pressed. Call function delay_ms(100) for delay. The header file should be as 

follows: 

 #define PB1 RA0 

 #define PB2 RA1 

 #define PB3 RA2 

(10 marks) 

 

 

Figure 5: Pattern 1 

 

 

Figure 6: Pattern 2 
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(c)  Refer to Table 1, find the valve size that is required to control the flow of water when 

the maximum flow required is 0.012m3/s and the permissible pressure drop across 

the valve at this flow rate is 300 kPa. Density of water is about 1000 kg/m³. 

  (4 marks) 

Table 1: Flow coefficient and flow control valves.  

 

 

(d) Draw a pneumatic circuit for extend and retract cylinder by using 3/2 way valve. 

(4 marks) 

 

 

Question 6 

 

(a) List 2 key steps of modeling methodology. 

(2 marks) 

(b) Initially, there is no current flow in the circuit and the switch is in open position. At 

time t=0, the switch is places in closed position and voltage e is applied. Current 

starts to build up in the circuit and starts charging the capacitor. The voltage in the 

circuit at time t is given by: 

resistor voltage + inductor voltage + capacitor voltage = applied voltage 

 

Determine the transfer function for voltage V(s) and applied input )(sE for the 

following circuit:  

          (8 marks) 

 

Figure 9: RLC Circuit 
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(c) Figure 10 shows the two (2) tanks connected in series that fluid level in downstream 

tank does not affect the fluid-level dynamics of the upstream tanks. 

 

 
Figure 8: Noninteracting tanks 

 
Variables used: 

1z = fluid level in the upstream tank (1)                             2q = fluid flow rate out of tank 2 

2z = fluid level in the upstream tank (2)                             1R = resistance of the tank 1 outlet 

0q = fluid flow rate into tank 1                                            2R = resistance of the tank 2 outlet 

1q = fluid flow rate out of tank 1 and into tank 2 
 

I. Find the transfer function; 
)(

)(

0

1

sQ

sZ
 of tank 1. 

(5 marks) 

II. Find the transfer function; 
)(

)(

1

2

sQ

sZ
 of tank 2. 

(5 marks) 

 

END OF QUESTION 


