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MECHANICAL TECHNOLOGY (NOVEMBER 2014)

INSTRUCTIONS AND INFORMATION

1.

10.

Write your name and surname in the spaces provided in the ANSWER
BOOK.

Answer ALL the questions thoroughly.
Read ALL the questions thoroughly.

Number the questions carefully according to the numbering system used
in this question paper.

Write neatly and legibly.
Show ALL calculations and units.
Round off final answers to TWO decimal places.

Candidates are allowed to use non-programmable scientific calculators
and drawing/mathematical instruments.

The value of gravitational acceleration should be taken as 10 m/s2.

Use the criteria below in managing your time:

QUESTION TOPIC MARKS
1 Multiple-choice guestions 20
2 Safety 10
3 Tools and equipment 12
4 Materials 13
5 Terminology 30
6 Joining methods 25
I Forces 30
8 Maintenance 15
9 Systems and control 25
10 Pumps 20

TOTAL 200
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS
1.1  Which of the following is NOT a cause of accidents?

Poor housekeeping

Improper use of tools

Loose clothing

Install machines Q)

OO wm>

1.2 Given are the following safety measures before a welding and flame
cutting operation. Which measure does NOT apply?

A An operator must be trained on how to use the apparatus safely.

B The insulation of electrical leads must be in sound condition.

C  No patrtitioning is needed in the workshop.

D  The welder must be completely insulated by protective gear. Q)

1.3  Which statement does NOT apply when using a dial indicator?

To determine if a crankshaft is bent.

To determine if a crankshaft has four journals.

To determine if a work piece on a lathe is running true.

To determine the end float on a crankshatft. Q)

OO wm>
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1.4 Which one of the following activities is NOT applicable when using torque

wrenches?
A  Tightening cylinder head bolts or nuts.
B  Tightening wheel bearing nuts.
C  Assembling rear axles.
D  Adjusting alternator bracket. (2)
1.5 The definition of plasticity refers to the ...
A ability of the material to absorb forces and flex in different directions
and return to its original size.
B material’s ability to change shape by stretching it along its length or
to be drawn into wire.
C material’s ability to change shape permanently.
D  ability of the material to withstand shock loads and remain intact (2)
after repeated bending in different directions.
1.6 Complete the statement: Preliminary annealing of cast steel ...
A relieves most stresses.
B hardens the metal.
C makes drilling and grinding impossible.
D  reduces the critical temperature. (2)
1.7 The metric system of units has been standardised and modernised.
What does the abbreviation Sl stand for?
A International system of unity
B International system of unions
C International system of units
D International system of united States (1)
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1.8 Calculate the indexing for a gear with 98 teeth. Choose the correct

answer.

A 2 turns and 2 holes in a 49-hole circle

B 2 turn and 9 holes in a 49-hole circle

C 1 turn and 13 holes in a 49-hole circle

D 2turns and 1 hole in a 49-hole circle Q)

1.9 Which ONE of the following indexing methods can be used to machine
a gear with 98 teeth?

A Simple indexing

B Angular indexing

C Differential indexing

D  None of the above (2)

1.10 Identify the welding symbol position as shown in FIGURE 1.9 below.

FIGURE 1.9
A  Flat position
B  Vertical position
C  Horizontal position
D  Oblique position (2)
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1.11 Identify the welding operation in the illustration below in FIGURE 1.11.

L
i

FIGURE 1.11
A  Tack welding
B  Scratch welding
C  Spot welding
D  Tap welding (1)
1.12 Calculate the bending moment at point A (BM A) in FIGURE 1.12 below.
Choose the correct answer.
f M
A
Beam /
4 m
M
> /
8 N
FIGURE 1.12
A 6 N
B 12N
C 32N
D 48N @
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1.13 Calculate force X as shown in FIGURE 1.13 below. Choose the correct

answer.

&N 3m 4m | A

T T
"I iy, Ty,
FIGURE 1.13

A 4 N/m
B 4.5 N/m
C 14,5 N/m
D 4,15 N/m (1)

1.14  Complete the following sentence.
The percentage of time prescribed by a manufacturer for the use of a
particular machine is called ...

A retarding.

B alignment

C duty cycle.

D life span (1)

1.15 The illustration below shows a technician clamping the wheels of the
motor vehicle, checking ... Choose the correct answer.

wheel balancing.

dynamic balancing

wheel alignment.

static alignment. (1)

o0 >
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1.16 lIdentify the precision tool in FIGURE 1.16 below.

FIGURE 1.16

Inside micrometer
Outside micrometer
Screw thread micrometer
Depth micrometer

o0 w>

1.17 Pneumatic valves can be classified in three general categories.

(1)

Which ONE of the following is NOT regarded as a pneumatic valve

category?

A Check valves

B Drain-cock valves

C Pressure-reducing valves
D Foot valve

1.18 Identify the pump in the illustration FIGURE 1.17 below.

(1)

FIGURE 1.17
A Gear pump
B Vane pump
C Rotor pump
D Reciprocating pump

Copyright reserved
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1.19  Suppose a piston acts on a liquid with a force of 6 250 N and the area of
the piston is 2,5 m2. Find the pressure in the liquid. Select the correct

answer.

A 1 500 Pa

B 1 250 Pa

C 2 500 Pa

D 5200 Pa (1)

1.20  Which of the following pumps is NOT suitable for pumping gases?

A Centrifugal pumps

B Mono pumps

C Force pumps

D Rotor pumps ()
[20]
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QUESTION 2: SAFETY

2.1 State ONE safety precaution that must be observed when considering
each of the following:

2.1.1  Ventilation (2)
2.1.2  Lighting (2)

2.2 Name FOUR safety precautions that must be observed when handling
gas cylinders.

(4)

2.3 State ONE safety precaution for transmission belts on a machine. (1)

2.4 What is the purpose of the Occupational Health and Safety Act? (1)
2.5 Which safety devices or guards are used in conjunction with shearing

machines (guillotines)? (2)

[10]
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QUESTION 3: TOOLS AND EQUIPMENT

3.1 How would you ensure the general care of your arc welding equipment? (4)

3.2 What is the function of an inside micro-meter?

3.3 Explain the function of the following equipment:

3.3.1 Shearing machine

3.3.2 Power saw

3.4 Explain what you understand by:

3.4.1 Tapping size

3.4.2 Clearance size in holes.

3.5 What is the purpose of using gas welding?

(@)

(1)
1)

1)
1)
1)

3.6 What is the function of the equipment in FIGURE 3.6 as shown below?

(1)

Copyright reserved

FIGURE 3.6
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QUESTION 4: MATERIAL

4.1

4.2

4.3

4.4

4.5

What is meant by the term ‘heat treatment™?

In the manufacturing of steel, different processes produce different kinds
of steel. Name THREE types of steel-making furnaces that are used for
the manufacturing of steel.

Write down any TWO types of heat treatment and explain the processes
thereof.

How should an iron-based alloy be cooled to normalise heat treatment?

Identify any TWO quenching media that are used to give different rates of
cooling.

QUESTION 5: TERMINOLOGY

5.1

5.2

5.3

Copyright reserved

What is mass production?

Identify the TWO sketches shown in FIGURE 5.3A and FIGURE 5.3B

below, which indicate the different cutting procedures on milling machines.

~
e
\"’_‘ =
FIGURE 5.3 A
W A
- A
1 -~ \ =™
.4 = =2
13 ¢
W
J ¥
FIGURE 5.3 B

Define the following indexing:
5.3.1 Rapid indexing

5.3.2 Simple indexing

)

)
(4)

2)
(2)

[13]

(1)

(1)

1)

)
)
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(NOVEMBER 2014) MECHANICAL TECHNOLOGY 13
5.4 You have to machine a gear with 88 teeth on its circumference. Use the
Cincinnati dividing head and the given set of gears below, in FIGURE 5.5.
The Cincinnati dividing head
Side | 24 25 28 30 34 | 37 | 38 | 39 | 41 | 42 43
1
Side | 46 47 49 51 53 | 54 | 57 | 58 | 59 | 62 66
2
Standard change gears with the following number of teeth
24x2 | 28 [ 32 | 40 | 44 | 48 | 56 | 64 | 72 | 86 | 100
FIGURE 5.4
Calculate the required indexing. 4)
5.5 Ataper 70 mm long has to be turned on the end of a 80 mm diameter shatft.
If the diameter of the small end of the taper is 50 mm, calculate the angle to
which the compound slide must be set in order to cut this taper.
80
70
| | (5)
5.6 Calculate the index to cut a pentagon from a 60 mm round bar, using simple
indexing. (6)
5.7 Define the taper turning process as carried out on the lathe. 3)
5.8 Briefly describe how you would centre a milling cutter to a work piece. (5)
[30]
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QUESTION 6: JOINING METHODS

6.1 Identify the following welding symbols from A-G as depicted on the
reference lines in the drawing below.

Al m ﬂ CT
T 4 :
) 20
mS_ VT 1=

C)

F{
(7)
6.2 Explain the use of the equipment in FIGURE. 6.2A and FIGURE. 6.2B
respectively.
A FIGURE.6.2A
FIGURE.6.2B
B
(2)
6.3 Name any FOUR factors that influence a welding joint. (4)

Copyright reserved Please turn over
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6.4 Identify the fusion welded joints in the illustrations indicated below, from A—F.

(6)
6.5 The diagram below indicates a cross-sectional view of a fusion welded joint.
Identify the labels as depicted, from A-F.
F
(6)
[25]
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QUESTION 7: FORCES

7.1

7.2

Define the following basic concepts of systems of forces:

7.1.1 Equilibrium (1)
7.1.2 Resultant (2)
7.1.3 Bow’s notation (2)

The following diagram shows two slings with lengths of 2 m and 4 m
attached to a body with a mass of 800 kg. The free ends of the slings are
attached to two points which are 5 m apart in the same horizontal line.

om
< C
% A
A

800 kg
8000 N

7.2.1 Draw the space diagrams using the scales given below. (4)
7.2.2 Draw the vector diagram using the scale given below. 3)

7.2.3 Determine the tensions in the slings.
Use a scale for the space diagramof Lcm=1m

Use a scale for the force diagram of 1 mm = 100 N (2)

Copyright reserved Please turn over
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7.3 FIGURE 7.3 below represents a beam which is supported at either end by

RL and RR.
16 N 12 N
kO \J/
A B
12 m| 4m .| 3m. |
| e ol -~
RL RR
FIGURE 7.3
Calculate the following:
7.3.1 The magnitude of RR and RL. (4)
7.3.2 The bending moments at points A and B. (4)
7.3.3  Prove that the beam is in equilibrium. (2)

7.4 Calculate the compressive stress in a 50 x 3 mm round tube if it is subjected
to a load of 70 kN.

50 mm

3 mm (6)
[30]
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QUESTION 8: MAINTENANCE

8.1

8.2

8.3

8.4

8.5

8.6

Copyright reserved

Explain positive camber as viewed from the front in FIGURE 8.1.

L/

FIGURE 8.1

Write down any THREE important pre-checks before attempting wheel
alignment.

Explain the TWO types of balancing with regard to wheel balancing and give
a description of each one.

Give FOUR effects that cause malfunction of operating systems due to
friction and the lack of maintenance.

Most modern vehicles make use of sophisticated electronic diagnostic
equipment to do fault finding. Explain the use of the engine control unit
(ECU) in relation to:

8.5.1 Fuel system

8.5.2 Ignition system.

Explain what is meant by ‘toe-in’ with regard to wheel alignment.

)

®3)

2)

(4)

1)
1)

2)
[15]
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QUESTION 9: SYSTEM AND CONTROL

9.1 Different types of linkages are used in industry to create different motions.
Give THREE reasons why linkages are used. 3

9.2 Given a sketch of a test lamp, explain the static ignition timing step by step,
with the FIGURE 9.2.

| —%’f Primary circuit
( Movable contact point

Test lamp

Fixed cohta

reaker cam —
' ()

FIGURE 9.2

9.3 Calculate the rotational frequency of the driven shaft in the gear train shown
below in FIGURE 9.3 and round off the answer as revs/sec.

TA =30

T - so Drive shaft

N, | 20rev/sec

Drive shaft
TB =60
Tp = g0
(6)

FIGURE 9.3

Copyright reserved Please turn over
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9.4 Aforce of 300 N is exerted on the 50 mm diameter plunger of a hydraulic
jack. The diameter of the ram is 500 mm. Calculate the load (x) that can be
lifted by the hydraulic jack.

300 N Logd(x)
= lunger T Ram

50 m | 500 mm N

)
9.5 Study the position of the following gears in FIGURE 9.5 and explain the term
‘meshing gears’.

FIGURE 9.5 (2)
[25]
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QUESTION 10: PUMPS
10.1 Give FIVE reasons for ‘pump slip’. (5)

10.2 Describe the operating principle of a mono pump.

10.3  Write down the advantages and disadvantages of the gear pump and the
rotor pump as tabled below.

GEAR PUMP ROTOR PUMP
Advantages: Advantages:
Disadvantages: Disadvantages:
(4)
10.4 Explain the operating principles of a gear pump.
4)
10.5 Write down any THREE advantages of a centrifugal pump in comparison
with a reciprocating pump. 3)
[20]
TOTAL: 200
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MECHANICAL TECHNOLOGY GRADE 11

FORMULA SHEET

1. GAUGE BLOCKS

Set nr. M.50

Range increment in mm

number of blocks

1,0025 to 1,0075 0,0025

3

1,01t0 1,09 0,01

9

1,1t01,9 0.1

©

11025 1,0

N
o1

50; 75; 100

0,5

=W

FRICTION:

F = force of friction

K = co-efficient of friction
N = Normal force

F = uXxXN

TORQUE: T

T
T

Force x Distance
N.m.

were

BELT DRIVES

41 | Belt speed ="
60

4.2 m(D+t)N

60

Belt speed = (t = belt thickness)

4.3 Belt mass/kilogram = Area X length X density

(A = thickness x width)

Dia.of driven pulley

4.4

Speed ratio = Dia.of driver pulley

drive pulley drive pulley

4.5 Output speed =

driven pulley  driven pulley

X input speed

m(D+d)

+ (D-d)*

4c

4.6 +2c

Open-belt length =

4.7 n(D+d)+(D+d)2+

4c

Crossed-belt length = 2¢

2mNT
60

4.8

Power (P) =

Copyright reserved
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4.9 | Ratio of tight side to slack side = %
2
4.10 | power (p) = 122N
60
411 | width = h
Permissible tensile force
4,12 DiaA XNa = DiaB X Ng

5.  GEARDRIVES: SPUR GEAR

51 | power (P) = 2252
60

5.2 i — product of driven gears teeth

Gear ratio product of drive gears teeth
5.3 Ny,  product of driven gears teeth

N,,, product of drive gears teeth
5.4 | Torque = force X raduis
5.5 Torque transmitted = gear ratio X input torque
5.6 TaXNa=Tg XNg

6. HYDRAULICS

6.1 Pressure = Force (F)
Area (A)
6.2 | Volume = cross-sectional area x stroke length (£ or s)
6.3 Work done = force x distance
7. FORCES
71 | stress = <
Area
7.2 . _ Changein Length
Strain = Original Length
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