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1       a)      State the mechanical property that is the ability of a material to absorb energy 
from an impact and plastically deform without fracturing.                                                                 (1 mark)

b)      State the word that means the potential to improve the resistance to penetration 
of a material by heat treatment.                                                                                                                 (1 mark)

                                                                                                                                                                                   (Total marks 2)

2       Explain how annealing changes the properties of an aluminium alloy.                                                   (5 marks)

                                                                                                                                                                                   (Total marks 5)
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3 See next page

3       For each of the following types of mechanical testing, state the material property that 
it measures. 

         Complete the table below with your responses.                                                                                          (4 marks)

         

                                                                                                                                                                                   (Total marks 4)

4       Identify two different risks to health and safety when manufacturing 
composite products.
For each, state an action that may be taken to reduce the risk.
Complete the table below with your responses.                                                                                          (4 marks)

         

                                                                                                                                                                                   (Total marks 4)

Mechanical test Property measured

Tensile

Brinell / Rockwell / Vickers

Izod / Charpy

Wohler

Health and safety risk Action to reduce risk
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5       a)      i)       State the function of a resistor in a circuit.                                                                                    (1 mark)

ii)      Describe how colour code bands are used to determine the value of a resistor.                 (4 marks)

b)      Figure 1 shows a combination of an AND gate and an EX-OR gate.

Figure 1

         Complete the truth table for this combination.                                                                                   (2 marks)

Input Output

A B C Q

0 0 0 0

0 0 1 1

0 1 0 0

0 1 1

1 0 0 0

1 0 1 0

1 1 0 1

1 1 1
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5 See next page

c)      Explain how open and closed loop control affect the output of a system.                                   (4 marks)

d)      Explain how photonic devices are used in industrial instrumentation.                                         (4 marks)

                                                                                                                                                                                 (Total marks 15)
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6       a)      State what is meant by 
i)       velocity ratio                                                                                                                                          (1 mark)

ii)      moment of inertia.                                                                                                                                (1 mark)

b)      State the definition of a newton.                                                                                                                (1 mark)

                                                                                                                                                                                   (Total marks 3)
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7 See next page

7       Figure 2 shows the P-V diagram for the diesel cycle in an engine.

Figure 2

         Explain the energy changes that are happening in the system during the cycle.                                 (8 marks)

                                                                                                                                                                                   (Total marks 8)
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8       a)      State two precision casting techniques used for metals.                                                                 (2 marks)

b)      A manufacturer is checking parts for a helicopter. The parts are made in batches 
of 20. 
Explain why the manufacturer may use sampling rather than 100 % inspection.                        (4 marks)

                                                                                                                                                                                   (Total marks 6)

9       a)      State three types of need that are normally included in a product 
design specification.                                                                                                                                   (3 marks)

b)      Discuss the advantages and limitations of using rapid prototypes to test ideas.                      (5 marks)
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9 See next page

c)      Discuss how the development of steelmaking has contributed to social and 
economic development.                                                                                                                            (9 marks)

                                                                                                                                                                                 (Total marks 17)
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10     a)      A piece of metal needs to be marked out for cutting. It is the shape of a right 
angled triangle as shown in Figure 3.

Figure 3

         Calculate length c.                                                                                                                                       (2 marks)

b)      A container holds 8 kg of plastic pellets. 
An injection moulding machine uses 0.62 kg of the pellets for each product that 
it makes.
Estimate how many containers of pellets would be needed to make 390 products, 
showing your working.                                                                                                                               (2 marks)

c)      An engineer is designing a structure to support a machine. The machine has a 
mass M of 1640 newtons.
If the safety factor for the structure is 4, calculate the mass that the structure 
should be designed to support.                                                                                                               (2 marks)

                                                                                                                                                                                   (Total marks 6)
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11     a)      Multiply the complex numbers (3 + 2j) and (2 + 4j).                                                                            (3 marks)

b)      The velocity (m s–1) of a piston in an engine is given by the equation x = –2 cos (50t).
Using differentiation, find the acceleration of the piston after 0.8 seconds.                               (3 marks)

c)      The output signal V (volts) from an electronic circuit can be calculated at time 
t (seconds) using the equation V = et/5.
Using logarithms, determine the time t when the signal V = 12 volts.                                          (3 marks)

                                                                                                                                                                                   (Total marks 9)

12     Table 1 shows the diameter of 30 products. The data has a normal distribution. 

Table 1

a)      Calculate the mean diameter.                                                                                                                   (2 marks)

17.5 18 18.2 18.9 17.9 17.7 18.4 17.6 17.6 18.3

18.6 18.1 18.2 17.9 18.1 17.8 17.9 18.3 18.2 18.4

17.3 17.6 17.1 17.4 17.9 17.3 17.8 17.4 18.2 17.3
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b)      The standard deviation of the sample is 0.434.
Calculate the probability that a part will have a diameter of > 18.4 mm.
The following standard normal (z) data may be useful when determining the answer.                  (7 marks)

                                                                                                                                                                                   (Total marks 9)
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13     Discuss how developments in microcontrollers have affected the design and 
manufacture of electronic products.                                                                                                             (12 marks)

                                                                                                                                                                                 (Total marks 12)
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Additional space
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19 See next page
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20 End of examination




