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INSTRUCTIONS AND INFORMATION 
 
1. Answer ALL the questions.   
 
2. Read ALL the questions carefully.   
 
3. Number the answers correctly according to the numbering system 

used in this question paper. 
  

 

 
5. Show ALL calculations and units.  Round off all final answers to TWO 

decimal places. 
  

 
6. Candidates may use non-programmable scientific calculators and 

drawing instruments. 
  

 
7. The value of gravitational force should be taken as 10 m/s2.   
 
8. Start EACH question on a NEW page.   
 
9. All dimensions are in millimetres unless stated otherwise in the 

question. 
  

 
10. Write neatly and legibly.   
 
11. Use the criteria below to assist you in managing your time.   
 

 
 
 
 

4. A formula sheet is attached to this paper.   

QUESTION ASSESSMENT 
STANDARD(S) CONTENT  MARKS TIME 

1 1 – 9 Multiple-choice questions 20 18 
minutes 

2 6 and 8 Forces, Systems and Control 50 45 
minutes 

3 2 Tools and Equipment 20 18 
minutes 

4 3 Materials 20 18 
minutes 

5 1, 4 and 5 Safety, Terminology and Joining Methods  50 45 
minutes 

6 7 and 9 Maintenance and Turbines 40 36 
minutes 

 TOTAL 200 180 
minutes
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QUESTION 1:  MULTIPLE-CHOICE QUESTIONS   
 
Various options are provided as possible answers to the following questions.  
Choose the answer and write only the letter (A – D) next to the question number 
(1.1 – 1.20)  in the ANSWER BOOK. 

  

 
1.1 Which of the following safety measures apply to a torsion tester?   

 
 A 

B 
C 
D 

Make sure the work piece is properly tightened. 
Be careful of metal particles coming off after the metal fractures. 
Do not hold the test piece with your hands as it may be hot. 
All the above-mentioned 

 

(1) 
 
1.2 Which ONE of the following safety procedures does NOT relate to the  

coil-spring compressor?  
  

 
 A 

B 
 
C 
D 

Make sure that the spring clamp does not slip. 
Compress the spring to remove the shock absorber from the 
suspension. 
Use wire or rope to compress the coil spring. 
Make sure that the coil spring compressor is in a good working 
condition. 

 

 
 
 

(1) 
 
1.3 What is determined by a cylinder leakage test?   
 
 A 

B 
C 
D 

Leaking carburettor 
Leaking cylinder sleeve or engine block 
Leaking fuel pump 
Leaking water pump 

 
 
 
 (1) 

 
1.4  The main reason for a high carbon monoxide reading when using a gas 

analyser is … 
  

 
 A 

B 
C 
D 

low compression. 
worn valves. 
worn piston rings. 
a clogged air filter. 

  
 
 

(1) 
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1.5 Anele has to solder a bronze pipe fitting.  What step of the soldering 

process does FIGURE 1.1 below show? 
  

 
 

 

  

 FIGURE 1.1   
 
 A 

B 
C 
D 

Apply flux to the cleaned surface. 
Allow the joint to cool. 
Heat the joint and apply solder to the joint. 
Clean the surface to be joined with steel wool or emery cloth. 

  
 
 

(1) 
 

 

 
1.7 Identify the type of milling cutter shown in FIGURE 1.2 below.   
 

 FIGURE 1.2   
 
 A 

B 
C 
D 

Equal angle cutter 
Convex cutter 
Cylindrical/Helical cutter 
Single corner rounding cutter 

 

(1) 
 

1.6 Thermoplastics are materials that …   

 A 
B 
C 
D 

can be stretched but rapidly return to their original shape. 
soften under heat and become hard when cooled. 
form a rigid shape under pressure or heat. 
is used to manufacture bicycle frames. 

 

(1) 

   

pipe fitting
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1.8 Which lathe operation is shown in FIGURE 1.3 below?   
 
 

 

  

 FIGURE 1.3   
 
 A 

B 
C 
D 

Diameter turning 
Facing off 
Thread cutting 
Boring 

 

(1) 
 
1.9 What are the disadvantages of downcut milling?   
 
 A 

B 
C 
D 

A slow cutting feed must be used. 
Vibration in the arbor is unavoidable. 
Materials with hard scale damage the cutter teeth. 
All the above-mentioned 

 

(1) 
 
1.10 What is the reason for using the nick-break test?   
 
 A 

B 
C 
D 

To test the skill of the welder 
To check for internal defects 
To train welders 
To approve welds to certain standards 

 

(1) 
 
1.11 What are the advantages of gang milling?   
 
 A 

B 
C 
D 

Less friction of teeth in contact 
Less grinding is needed to sharpen teeth 
Less chattering than when using fine tooth cutters 
All the above-mentioned 

 

(1) 
 
1.12 Stress can be defined or described as an internal force in a material

resisting … 
  

 
 A 

B 
C 
D 

a shearing load. 
a pulling/tensile load. 
a pushing/compressive load. 
any load. 

  
 
 

(1) 
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1.13 What is understood by the term strain?   
 
 A 

B 
 
C 
D 

Force value required to produce unit area in a tensile specimen 
A measurement for the extension or contraction of material due to the 
load 
Stress value required to produce unit strain in a tensile specimen 
A ratio of the deformation by application of an external force 

  
 
 
 

(1) 
 
1.14 What is the function of the deep groove ball bearing shown in 

FIGURE 1.4? 
  

 
    

 FIGURE 1.4   
 
 A 

B 
C 
D 

For supporting light radial and small axial loads 
For allowing misalignments between inner and outer rings 
For supporting high thrust loads 
For carrying radial and axial thrust loads 

 

(1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

deep groove 

shallow groove 
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1.15 Which steps are the most suitable when replacing a roller chain on a chain 

drive system as shown in FIGURE 1.5 below? 
  

 
 
 
 
 
 
 

   

 FIGURE 1.5   
 
 A 

B 
C 
D 

Measure the chain length 
Dismantle the chain 
Install and join the new chain 
All the above-mentioned 

 

(1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

roller-link plates 

roller link 

pin link 

pin-link plates 

rollers 

bushes 

pins 

one complete link  
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1.16 The pulley system shown in FIGURE 1.6 below is …   
 
 
 
 
 
 
 
 
 

 

  

 FIGURE 1.6   
 
 A 

B 
C 
D 

changing direction. 
multiplying force. 
multiplying distance. 
All the above-mentioned 

 

(1) 
 
1.17 FIGURE 1.7 shows a single-start nut and bolt.  For each complete rotation 

of the thread, the nut would move a distance of … 
  

 

 FIGURE 1.7   
 
 A 

B 
C 
D 

2 mm. 
1 mm. 
3 mm. 
4 mm. 

 

(1) 
 
 
 
 
 
 
 
 

  

 

  

 
 
 
 
 
 

 load 

force 

one revolution

pitch = 1 mm

linear 
movement
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1.18 What is the distance D moved by the follower for the pear-shaped cam 

shown in FIGURE 1.8 below, given that d1 = 4 mm and d2 = 10 mm? 
  

 
 
 

 

  

 FIGURE 1.8   
 
 
 
 
 

A 
B 
C 
D 

10 mm 
4 mm 
6 mm 
2,5 mm 

 

(1) 
 
1.19 What is understood by the term boost as related to superchargers?   
 
 A 

B 
C 
D 

The pressure that the supercharger generates in the intake manifold 
The pressure that the supercharger generates in the exhaust manifold
Decreased compressive pressure in the cylinder 
Decreased exhaust manifold pressure 

 

(1) 
 
1.20 Which ONE of the following is NOT a blower?   
 
 A 

B 
C 
D 

Centrifugal blower 
Jet blower 
Vane blower 
Roots blower 

 

(1) 
   [20] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   D 
   d2    d1 
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QUESTION 2:  FORCES, SYSTEMS AND CONTROL   
 
2.1 A lever-controlled hydraulic system, with specifications, is shown 

diagrammatically in FIGURE 2.1 below. 
  

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

 FIGURE 2.1   
 
 Determine, by means of calculations, the following:   
 
 2.1.1 The fluid pressure in the hydraulic system in MPa  (4) 
 
 2.1.2 The force that must be exerted onto PISTON A to lift the load 

(150 kN) on PISTON B. (Hint: Use the answer to  
QUESTION 2.1.1.)  Give the answer in kN. 

  
 

(4) 
 
 2.1.3 The force F that must be exerted onto the lever to lift the load of 

150 kN on PISTON B.  (Give the answers in N.) 
  

(4) 
 
 
 
 
 
 
 
 
 

480 mm

80 mm

PISTON  A 

      PISTON  B 

150 kN 

  Ø 100 
  Ø 25 

F pivot 

lever 



Mechanical Technology 11 DBE/November 2010 
 NSC 

Copyright reserved Please turn over 

 
 
2.2 
 

A compressive test needs to be done on a round stepped shaft, shown in 
FIGURE 2.2 below.  The diameter of part A is 100 mm, part B is 70 mm 
and part C is 50 mm.  A compressive load of 12 kN is exerted onto the 
shaft.  The modulus of elasticity for the material is 108 GPa.  

  

 
  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 FIGURE 2.2  
 
 2.2.1 Identify the part in which the maximum stress will occur and 

calculate the stress in MPa. 
  

(5) 
 
 2.2.2 Calculate the strain in part A of the stepped shaft.  (7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A

B

C

12 kN
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2.3 A compressor, fitted with a pulley, diameter 432 mm, is driven at a speed 

of 10 r/s from a pulley with a diameter of 600 mm on an electrical motor 
which rotates at 7,2 r/s. (FIGURE 2.3 below.)  The maximum acceptable 
tensile force in the available belt is 300 N.  
 
Determine the power in kW, which can be transmitted by the belt drive, if 
the ratio of the tensile force in the tight side to the tensile force in the slack 
side is 2,5 : 1. 

 

 
  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 FIGURE 2.3  (7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electrical motor 
D = 600 mm 
N = 7,2 r/s Compressor 

D = 432 mm 
N = 10 r/s
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2.4 Study FIGURE 2.4 below.  Lukas is the engineer who must design a gear 

drive for a mincing machine. The shaft of the mincing machine must rotate 
at 90 r/min.  The rest of the gear drive is as follows:   
 
On the electrical motor there is a driver gear A with 30 teeth, rotating at 
480 r/min, that meshes in with a driven gear B with 80 teeth on a counter 
shaft.  On the countershaft there is a second driver gear C with 20 teeth 
that meshes in with the final driven gear D. 

  

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 FIGURE 2.4   
 
 Determine, by means of calculations, the following:   
 
 2.4.1 The number of teeth on the final driven gear D  (4) 
 
 2.4.2 The gear ratio of the system  (3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A 

T-30 

 
 
 

B 
T-80 

 
C 

T-20 

 
 

D 
T-? 

Counter shaft 

 
Electrical 

motor  
Mincing 
machine 
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2.5 Study FIGURE 2.5 below.  A differential wheel and axle lifting machine is 

used to lift an engine with a mass of 180 kg.  The diameter of the wheel D 
is 300 mm and the diameters of the axles d2 and d1 are 150 mm and 
120 mm respectively.  The effort F, needed for this load, is 100 N.  

  

 

 

 
 FIGURE 2.5   
 
 Determine, by means of calculations, the following:   
 
 2.5.1 The mechanical advantage of the appliance   (3) 
 
 2.5.2 The velocity ratio  (2) 
 
 2.5.3 The mechanical efficiency of this machine at this load  (2) 
 
2.6 A single-plate friction clutch with an effective diameter of 250 mm is used 

to transmit torque in the final drive.  The clutch plate has friction material 
on both sides.  The friction coefficient is 0,4.  The total force applied on the 
pressure plate is 3 kN. 

 

 
 Determine, by means of calculations, the following:   
 
 2.6.1 The torque that can be transmitted by this clutch  (3) 
 
 2.6.2 The power transmitted at 3 000 r/min  (2) 
  [50] 
 

180 kg 
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QUESTION 3:  TOOLS AND EQUIPMENT   
 
3.1 Explain how a voltmeter and an ammeter are connected to a circuit.  (2) 

 
3.2 What does the abbreviation MAGS/MIGS stand for in terms of welding 

equipment? 
  

(2) 
 
3.3 State TWO uses of the multi-meter.  (2) 
 
3.4 Read the scenario below and answer the questions that follow.   
 
 Mrs Gogo Xuma uses her car daily from her home to Durban and back. 

She covers a distance of 42 km daily.  Recently she discovered that her 
car is losing power.  She asks Mr Manzi to assist her to find out why her 
car is losing power.  Mr Manzi did a compression test on her car. 

  

 
 3.4.1 Give FOUR reasons for a compression test.  (4) 
 
 3.4.2 Explain the procedure to carry out a dry compression test.  (10) 
  [20] 
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QUESTION 4:  MATERIALS   
 

4.1 Some structural frames are assembled from stainless steel sections as 
shown in FIGURE 4.1 below.  Which TWO properties of stainless steel 
make it unnecessary for the frame to be painted? 

 

 
 

 

  

 FIGURE 4.1  (2) 
 
4.2 The screw driver shown in FIGURE 4.2 below snapped during use. 

Explain why the screw driver snapped by referring to the properties of 
materials.  Give a reason for your answer. 

 

 
 

 

 

 FIGURE 4.2  (2) 
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4.3 Two test pieces, A and B, are tested for their toughness as shown in 

FIGURE 4.3 below.  After a single hammer blow test piece A broke from 
hammer position 1.   Test piece B only broke after the hammer was moved 
to position 2.   Refer to the hammer position and explain which one is the 
toughest. 

 

 
 

 

 

 FIGURE 4.3  (4) 
 
4.4 Electrical cable is made by extruding a plastic coat onto copper wire as 

shown in FIGURE 4.4 below.  Name TWO plastics which are used for this 
purpose and also give ONE reason for the suitability of each. 

 

 
  

 
 

 

 FIGURE 4.4  (4) 
 
4.5 What is understood by the term non-ferrous alloy?  Give ONE example of a 

non-ferrous alloy. 
  

(2) 
 
4.6 State TWO differences between silver soldering and brazing (hard 

soldering) in terms of composition and uses. Draw a table to show the 
differences. 

  
 

(4) 
 
4.7 Name ONE of the carbon steels and state its carbon content as a 

percentage. 
  

(2) 
  [20] 
 
 

plastic 

coated wire 

copper wire 

profile  
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QUESTION 5:  SAFETY, TERMINOLOGY AND JOINING METHODS   
 
5.1 Mary uses a beam bending tester to test a work piece to determine its 

degree of deflection.  State FOUR safety precautions to be taken when 
using the beam bending tester. 

  
 

(4) 
 
5.2 Johannes cuts a solid diameter 25 mm mild steel shaft on a centre lathe. 

The working environment of the centre lathe must be kept in a good 
condition.   What FOUR safety precautions must Johannes consider before 
working on a centre lathe? 

  
 
 

(4) 
 
5.3 Give the reason why oil and grease should not be in contact with 

oxy-acetylene regulators. 
  

(2) 
 
5.4 Name FOUR methods of indexing that can be used on the universal 

dividing head of a milling machine. 
  

(4) 
 
5.5 Before Willy uses the milling machine, he needs to calculate the feed first. 

Use the following information to calculate the feed in mm/min.    (Hint: First 
calculate N.) 
 
Diameter of cutter = 100 mm 
Number of teeth    = 24 
Cutting speed        = 40 m/min 
Feed per tooth       = 0,09 mm per tooth 

  
 
 
 
 
 
 

(6) 
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5.6 FIGURE 5.1 below shows two spur gears that mesh with each other.  Use 

the information shown on the sketch and calculate the following: 
  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 FIGURE 5.1  
 
 5.6.1 The module of the small gear  (2) 
 
 5.6.2 The outside diameter of the big gear  (2) 
 
 5.6.3 The PCD of the big gear  (2) 
 
 5.6.4 The dedendum of the big gear  (2) 
 
 5.6.5 The centre distance between the two gears (distance Y)  (3) 
 
5.7 When mild steel is welded with arc welding certain welding defects can 

occur.  Name TWO possible causes and ONE prevention method for each 
of the following welding defects: 

 

 
 5.7.1 Cracks  (3) 
 
 5.7.2 Slag inclusion  (3) 
 
5.8 Name THREE non-destructive tests that can be done on mild steel.  (3) 
 
5.9 Jan is an artisan who has to mill a spur gear with 63 teeth.  The dividing 

head ratio is 40 : 1.  (Hint:  Use 60 divisions for the indexing.) 
  

 
 5.9.1 Calculate the indexing that is required.  (4) 
 
 5.9.2 Calculate the change gears that are required.  (4) 
 
 5.9.3 Determine the direction of rotation of the index plate in relation to 

the index crank. 
  

(2) 
  [50] 
 
 
 

teeth = 63 PCD = 48,75 mm 

teeth = 39 

Y
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QUESTION 6:  MAINTENANCE AND TURBINES    
 
6.1 You are instructed to machine a work piece using the milling machine.  One 

of the requirements is that you use a cutting fluid to ensure that it keeps the 
work piece cool.  Give FOUR other reasons for using a cutting fluid. 

  
 

(4) 
 
6.2 Most car manufacturers recommend that their cars be serviced at a 

10 000 km or 15 000 km intervals.  Answer the questions that follow. 
 

 
 6.2.1 State THREE functions of engine oil.  (3) 
 
 6.2.2 Explain the procedure to change the oil in the differential of a 

rear wheel drive motor car. 
  

(13) 
 
6.3 A blower can be fitted to the engine to increase the vehicle's engine 

performance as shown in FIGURE 6.1 below.  Answer the questions that 
follow. 

  

 
 

 

  

 FIGURE 6.1  
 
 6.3.1 Identify the type of blower shown in FIGURE 6.1.  (1) 
 
 6.3.2 Label the parts numbered 1 to 4.  (4) 
 
 6.3.3 Explain the operation of the above blower.  (5) 
 
6.4 Most modern cars make use of superchargers.  Answer the following 

questions. 
  

 
 6.4.1 State THREE advantages of a supercharger.  (3) 
 
 6.4.2 State THREE disadvantages of a supercharger.  (3) 
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6.5 State the function of the steam turbine.  (2) 
 
6.6 State TWO uses of the steam turbine.  (2) 
  [40] 
 
 TOTAL:  200
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FORMULA SHEET FOR MECHANICAL TECHNOLOGY – GRADE 12 
 
1. BELT DRIVES 
 

1.1  
60
πDNspeedBelt =  

 

1.2  thickness)belt(t
60

N)t  D( πspeedBelt =
×+

=  

 
1.3   width) thickness  (A density   lengthAreamassBelt ×=××=  
  

1.4      
   

Diameter of driven pulleySpeed ratio
Diameter of driver pulley

=  

 
1.5  2211 DNDN =  

 

1.6  2c
4c

)d-D(
2

)dDπ(    length belt-Open
2

++
+

=  

1.7  2c
4c

)dD(
2

)dDπ(lengthbelt-Crossed
2

+
+

+
+

=  

1.8  
60

T N  2 Power π
=  

 

 1.9  
2

1

T
T side slackto  sidetight of Ratio =  

 

 1.10   sidetight the in forceT where
60

N D π )T(T    Power 1
21 =

−
=  

 

 1.11  
force tensile epermissibl

T    Width 1=  

 
2. FRICTION CLUTCHES 
 

2.1 

radiuseffective  R
surfacesfrictionofnumber  n

forcetotal  W
frictionoftcoefficien  µ

µWnR) T ( Torque       

=
=
=
=
=

 

 
2.2 

60
NT  2 π

=Power  
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3. STRESS AND STRAIN 
 

3.1 
)

A
Fσ(or

Area
Forceess       Str ==  

 
3.2 

)L(lengthoriginal
)ΔL(lengthinchange)ε(in      Stra =  

 
3.3 

)
ε
σ(or

strain
stress)E(ulusmodsYoung'      =  

 

3.4  
4
πdA

2

shaft =  

 

3.5  
4

)dπ(DA
22

pipe
−

=  

 
4.  HYDRAULICS 
 

4.1  
)A(Area
)F(Force)P(Pressure =  

4.2  )sorl(lengthstrokeareasectional-CrossVolume ×=  
 

4.3  distance    forcedone Work ×=  
 
5. WHEEL AND AXLE 
 

5.1  
12 dd

2D
distanceload
distanceeffort)VR(ratioVelocity

−
==  

 

5.2  
)F(Effort
)W(Load)MA(advantageMechanical =  

 

5.3  100%  
VR
MA)η( efficiency Mechanical mech ×=  

 
6. LEVERS 

6.1  
)F(Effort
)W(Load)MA(advantageMechanical =  

 
6.2  effortbymoveddistanceEffort)IM(movementnputI ×=  

 
6.3  loadby  moved distance  Load) OM ( movement Output ×=  

 

6.4  
movementOutput

movementInput)VR(ratioVelocity =  
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7. GEAR DRIVES 
 

7.1  
60

NT  2 π
=Power  

 

7.2  
gears driving on teeth of number the of Product
gears driven on teeth of number the of Productratio Gear =  

 

7.3  
gears driving on teeth of number the of Product
gears driven on teeth of number the of Product

N
N

output

input =  

 
7.4  radius  forceTorque ×=  

 
7.5  torqueinputratiogeardtransmitteTorque ×=  

 

7.6  
)T(  teeth of Number

)PCD( diameter circle-Pitch)m(  Module =  

 
7.7  2211 TNTN =  

 

7.8  
π

)T( teeth of number  )CP(  pitch circular)PCD(diameter circle-Pitch ×
=  

 
7.9  module PCD)DO(diameter Outside 2+=  
 
7.10  )m(module)a(Addendum =  
 
7.11  m 1,25) b ( Dedendum  orm1,157)b(Dedendum ==  
 
7.12                 m 2,25) h ( depth Cutting  orm 2,157  )h(  depth Cutting ==  
 
7.13  m 0,25  ) c ( Clearanceorm 0,157  )c( Clearance ==  
 
7.14  πm)CP(pitchCircular ×=  
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8. SCREW THREADS 
 

8.1  pitch ½ diamter Outside diameter Pitch −=  
 
8.2  diameterpitchπncecircumferePitch ×=  

 
8.3  startsofnumberpitchLead ×=  

 

8.4  
ncecircumferePitch

Lead tan :angleHelix Ø =  

 
8.5  Leading tool angle = 90° – (helix angle + clearance angle) 

 
8.6 Following/Trailing angle = 90° + (helix angle – clearance angle) 
 

8.7 
lead

heightturnsofNumber =  

 
9. CINCINNATI DIVIDING HEAD TABLE FOR THE MILLING MACHINE 
 

Hole circles 
Side 1 24 25 28 30 34 37 38 39 41 42 43 

Side 2 46 47 49 51 53 54 57 58 59 62 66 
 

Standard change gears 

24 x 2 28 32 40 44 48 56 64 72 86 100 
 

9.1  )divisionsofnumbernwhere(
n

40indexing Simple ==  

 

9.2  Change gears: 
1

40
A

n)(A
Dv
Dror

A
40)nA(

Dv
Dr

×
−

=×−=  

 
     or 
 

N
40n)(N

Dv
Dr

×−=  
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10. CALCULATIONS OF FEED   
 

10.1  Feed (f) = f1 ×T ×  N 
     

    Where: f = feed in millimetres per minute 
 

 f1 = feed per tooth in millimetres 
 
 T = number of teeth on cutter 
 
 N = number of revolutions of cutter per minute 
 

10.2 Cutting speed (V) = NDπ ××  
 

 Where:  D = diameter of the cutter in metres 
 

**************************** 
 


