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Section I 

 

20 marks 

Attempt Questions 1-20 

Allow about 30 minutes for this section 

 

Select the alternative A, B, C or D that best answers the question and indicate your choice 

with a cross (X) in the appropriate space on the grid at the back of this examination. 
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1 A low melting point alloy used for joining electrical wires and components is known as: 

 

(A)   Acrylic 

(B)   Resin 

(C)   Alloy 

(D)   Solder 

 
 
 
 

2. Fazlur Khan is best known for which innovation?  

 (A) The first propeller-driven iron-hulled ocean going ship. 
 

 (B) The alternating current induction motor. 
 

(C) The earliest known functioning seismograph 
 

(D)  Pioneered the ‘tube structural system’ for high-rise construction. 
 
 
 
 
 

3. Whi 

 

(A) 

ch statement best describes an equilibrant force? 

 

The equilibrant force has the same magnitude, direction and sense as the 

resresuresultant   resultant and produces equilibrium in the object. 

 (B) The equilibrant force replaces all other forces and has the same total effect of 
all forces acting on the object. 

 (C) The equilibrant force equals the resultant force but has opposite direction. 

 (D) The equilibrant force has the same magnitude and direction as the resultant 
but opposite sense and produces equilibrium in the object. 

 
 
 
 
 

4. Whi 

 

(A) 

ch of the following describes work hardening during the cold working of metals? 

 

The metal becomes harder as slip planes are reduced due to dislocation growth 
  subsequent tangling. 

 (B) The metal becomes harder and more ductile as slip planes are increased due to 

  dislocation growth. 

 (C) The metal increases in yield strength as the number of slip planes are increased 

due   to the flattening of the metal during cold working. 

 (D) The metal becomes harder and stronger due to the reduction in the number of 

  dislocations being formed during cold working. 
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5  What is the most likely percentage of carbon to be found in Medium Carbon Steel? 

 

(A) 0.2 

 

(B) 0.5 

 

(C) 0.8 

 

         (D)  1.1 
 
 
 
 
 

6  What is the force, F, acting on the lever pivoting at A, when a 10 kN force is applied 

as shown? 

lOkN 
 

 
 
 

(A)  21.62kN 

(B)   31.67 kN 

(C)   42.51 kN 

(D)     60.32 kN 

 
 
 
   7.       Select the correct engineering term for this part:  

 

 

 

             (A)    Boss 

             (B)    Spigot 

             (C)   Taper 
 
             (D)   Long-nosed Bilby 
 

 

7

.
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8 . Which statement identifies the graphics symbol shown? 
 

 
 

(A)  A pictorial drawing showing isometric, oblique or orthogonal third angle 

projection 
 

(B)  An orthogonal drawing showing first angle projection 
 

(C)  A pictorial drawing showing isometric projection 
 

(D)  An orthogonal drawing showing third angle projection 
 
 
 
 
    9.     A force of 3kN is applied to a 1.5m long brake cable of cross sectional area 20mm2. This 

force produces an elongation of 3mm. What is the closest Young’s modulus for the steel? 
 
               

(A) 30MPa 
 

(B) 30.3GPa  
  

(C) 22MPa 
 

(D) 28.3KPa 
 
 

 
 
    10.   What is the mechanical advantage of a machine if a 30N effort lifts a 20kg load? 
 

(A)    0.666 
 

(B)    1.5 
 

(C)    6.66 
 

(D)    0.15 
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11.  

        

 

 

   
         

 
 

  

   
  
  
   

(A)    1.5 A 
 

(B)    2.4 A 
 

(C)    3.0 A 
 

(D)    6.0 A 

 

 

12.  The metallic crystal structure which allows the most slip planes is:   

 (A) Face Centered Cubic 

 (B) Body Centered Cubic 

 (C) Hexagonal Close packed 

 (D) Body Centered Tetragonal 

 

 
 

13.  Which of the following defines ability of a material to withstand stress without failure? 

 

(A) Hardness 
 

(B) Toughness 

(C) Stiffness 

(D)  Strength 
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14.  

 

(A) 

Which of the following describes AC and DC electrical currents? 

 

AC periodically reverses direction and DC is a flow of electrical charge in only one 
  direction. 

 (B) AC is the only current used in our homes while DC is only used in portable 

electrical   appliances. 

 (C) AC can only be produced in a coal fired power station while DC can be produced 

by rectifying AC. 

 (D) AC is more dangerous than DC because AC always has a higher voltage. 

 
 
 

15.  Which describes the forces acting on a body that is in equilibrium? 

 

(A)  All vertical forces and horizontal forces acting on the body will all pass through 

the same point. 
 

(B)  If three forces are acting on the body, the forces will be   

        concurrent.  

(C)  The resultant of the forces acting will be the sum of all forces. 

(D)  If four or more forces are acting on the body, the forces will be concurrent. 
 
 
 

   16.    The ultimate tensile strength of a material is: 

            (A)    The extent to which a member is deformed by the applied force or load. 

            (B)             A measure of equal and opposite forces that do not coincide. 

            (C)          A maximum stress that can be produced in the material without failure occurring 

            (D)             A maximum stress that can be produced in the material before its elastic limit occurs. 
 

    

17.    Fillers used in brake pads are best described as materials that; 

            (A)    Are generally low cost, such as glass or steel that are added to extend the material in 

the composite and occupy space.   

            (B)             Are generally low cost materials such as clay or calcium carbonate that are added to   

extend the material in the composite, occupy space and reduce costs.   

            (C)             Are generally Metal chips, used to modify friction properties and to control cleanliness 

on the brake interface.   

            (D)             Are generally low cost and are used to reduce friction.    
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18.  Which two values determine the force of friction required, if an object is just on the 

verge of sliding on a surface? 

 

(A)  The coefficient of friction of the roughest surface and the weight of the object 
 

(B)  The coefficient of friction of the plane and the slope of the plane on which the 

object tends to move 
 

(C)  The coefficient of friction of the two surfaces and the normal reaction 
 

(D)  The coefficient of friction of the surface and the magnitude of the force pushing 

the object 
 
 
 
 
 

19.  Effective dissipation of heat energy is important in braking systems to: 

 a keep the driver warm in winter 

 b allow the conversion of kinetic energy to heat energy to continue during heavy braking 

operations. 

 c allow the drums/discs to stay hot during braking. 

 d allow fade when braking. 

 
 
 
 
 

20.  What is the name of the material that forms when steel with 0.6% carbon content is 

heated to red heat and then quenched in water? 

 

(A)  Cast iron 
 

(B)  Annealed steel 
 

(C)  Martensite 
 

(D)  Cementite 
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Section II 

 

45 marks 

Attempt Questions 21-23 

Allow about 1 hour and 30 minutes for this section 

 

Answer the questions in the spaces provided. These spaces provide guidance for the 

expected length of the response. 
 
 
 
 

Question 21- Engineering Products (15 marks)  Marks 

 

Two engineered products from different times are shown below. The toaster on the left 

is from the 1950's and the toaster on the right is from the present day. 

  
 

 

(a)  (i) Name and explain TWO significant effects on people's lives using the modern toaster 
                  in comparison to the old toaster.         4 
 
 

  ............................................................................................................................................  

  ............................................................................................................................................  

  ............................................................................................................................................  

  ............................................................................................................................................  

  ............................................................................................................................................   

  ............................................................................................................................................  

  ............................................................................................................................................  

  ............................................................................................................................................  

  ............................................................................................................................................   
 
 

Question 21 continues on the next page 
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                                                                                                                                                      Marks 

  (ii) Describe TWO technological developments needed before the production of the 

modern toaster could take place.  2 

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................   

  .............................................................................................................................................  

  ............................................................................................................................................   
 
 

  The 1950s toaster is fabricated using steel. 

 

(iii)  Explain why stainless steel is more commonly used in modern toasters. 2 

 

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................  

  ............................................................................................................................................   

  

   (b)   Discuss the difference between a motor and a generator and give ONE example of how each  

           machine is used in everyday life.                                                                                                                               

             2 

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................   

  .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................   

           .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................   
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Question 21 continues on the next page 

                                                                                                                                                     Marks 

 (c)     A cylindrical punch, of diameter 9 mm is used to punch out the holes of a brake liner of    

         thickness 6mm. If, during the punching operation, the compressive stress in the punch is 120  

         MPa, determine the force used to punch out the hole. 

                                                                                                                                                               3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Force= .................................... 
 
 
 
 
 
(d)  A stress-strain graph of low carbon steel used for the cabinet of many appliances is shown 

below. Clearly label on the graph, the following features: 

 (i) Indication of necking; (ii) Elastic zone; (iii) Plastic zone; (iv) Ultimate tensile Strength.  

                

 

                                                                                                                                                                 2    

 

                      
 
 
 

End of Question 21 

St
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Question 22 (15 marks) Marks 

 

A hydraulic disc brake with a ceramic composite rotor used on a Porsche road car is 

shown below. 

 

              
 

(a)  List TWO advantages of disc brakes in comparison to drum brakes. 2 
 

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................   
 
 
(b)  Suggest TWO reasons why a ceramic composite rotor is beneficial for high performance 

cars. 2 
 
 
 

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................   
 
 
 
 
 
 

Question 22 continues on the next page 

http://www.google.com.au/imgres?imgurl=http://www.compositesmanufacturingblog.com/wp-content/uploads/2012/08/NYU-Poly-composite-brake-rotor.jpg&imgrefurl=http://www.compositesmanufacturingblog.com/2012/09/game-changing-research-brake-through-technology/&usg=__Dw2Sjx-ltkuAcqToYHlQkVKSuPo=&h=2898&w=2016&sz=2038&hl=en&start=6&zoom=1&tbnid=cK_tkvNlcxocQM:&tbnh=150&tbnw=104&ei=J6UYUuqALYSPkAWmsoGIAw&prev=/search?q%3Dcomposite%2Brotor%2Bbrake%26hl%3Den-AU%26gbv%3D2%26tbm%3Disch&itbs=1&sa=X&ved=0CDYQrQMwBQ
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(c)   Conventional cars have disc brake rotors manufactured from grey cast iron, which is 

a relatively brittle material, compared to mild steel. 

 

        (i)       Discuss why cast iron is a desirable engineering material. 2 

 

                     ....................................................................................................................................   

            ....................................................................................................................................  

            ....................................................................................................................................  

            ....................................................................................................................................  

            ...................................................................................................................................   
 
 
 

(ii)     Sketch in the circle below the microstructure of grey cast iron. Label each phase. 

 2 
 
    
 
 
 
 
 
 
 
 
 

                     
 
(d)  A hydraulic hoist used to raise a vehicle of mass 2.5 tonne has a Ø16 mm input cylinder and a    

 

         Ø200 mm output cylinder. Calculate the input force required to raise the maximum load. 2 

  

 
               

 

 

 

 

 

 

Input force = ………………. N 
 
 
 
 

 

Question 22 continues on the next page 
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Question 22 (continued) Marks 

 

 

 
(e)  A bracket used on the handle of a lawnmower is shown below in isometric projection.  

 Using a scale of 1:1, draw the bracket in third angle orthogonal projection using AS1100 

drawing standards. Include major dimensions and a half-section of the front view that passes 

through the centre of the threaded bolt hole. 

                                                                                                                                                              5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

End of Question 22 
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Question 23 - ( 15 marks)  Marks 

 

(a)      Identify and explain TWO environmental issues relevant to a materials engineer. 

                                                                                                                                                              3 

          .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................   

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

 

 

 

 

 

 

(b)      Discuss why ethical considerations are of high importance to the biomedical engineer 

 

                                                                                                                                                              2 

        .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................   

  ............................................................................................................................................   

 

 

(c)     Explain the importance of Pascal’s Principle to modern braking systems. 2 

 

            .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  .............................................................................................................................................  

  ............................................................................................................................................   
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                                                                                                                                                      Marks 

 

(d)     A lever is hinged at O and attached to a wire rope cable at A. Find the tension in the 

cable and the reaction at the hinge     8 

 

                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 23 continues on the next page 
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Marks 

 

 

(e)    A stainless steel bracket is shown in orthogonal projection.  
 

Draw a pictorial free-hand sketch of the bracket so that the most of the detail can be seen.  
Take sizes directly off the orthogonal drawing.  

5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

End of paper 
 






































