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MECHANICAL TECHNOLOGY

(SEPTEMBER 2014)

INSTRUCTIONS AND INFORMATION

1. Write your name and surname in the spaces provided on the ANSWER SHEET.

2. Answer ALL the questions.
3. Read all the questions carefully.
4. Number the answers correctly according to the numbering system used in this

question paper.

5. Write neatly and legibly.

6. Show ALL calculations and units. Round off final answers to TWO decimal
places.
7. Candidates are allowed to use non-programmable, scientific calculators and

drawing/mathematical instruments.

8. Start EACH question on a NEW page.

9. Use the criteria below to assist you in managing your time:
QUESTION CONTENT COVERED MARKS TIME
1 Multiple-choice questions 20 18 minutes
2 Safety 10 9 minutes
3 Tools and equipment 12 11 minutes
4 Materials 13 12 minutes
5 Terminology (Manufacturing process) 30 27 minutes
6 Joining methods 25 22 minutes
7 Forces 30 27 minutes
8 Maintenance 15 13,5 minutes
9 Systems and control 25 22,5 minutes
10 Turbines 20 18 minutes
TOTAL.: 200 180 minutes
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(SEPTEMBER 2014) MECHANICAL TECHNOLOGY 3

QUESTION 1: MULTIPLE-CHOICE QUESTIONS

Various possible options are provided as answers to the following questions.
Choose the correct answer and make a cross (X) in the block (A-D) next to the
guestion number (1.1-1.20) in the ANSWER BOOK, e.g. 1.21 B.

1.1 Which ONE of the following is not an environmental hazard?

A  Noise

B lllumination

C  Horseplay

D  Radiation (1)

1.2 Safety precautions need to be adhered to when working with surface
grinders. Which one does NOT fit?

A  Protective clothing and eye protection is essential.
B  Check if the tool rest is not more than three (3) mm from the wheel

surface.
C Understand all the operating instructions applicable to the machine.
D  Make sure all guards and safety devices are in place. (1)

1.3 One of the following components is NOT part of a compression tester.

Which one does NOT fit?

Pressure adjuster

Pressure relieve valve

Pressure meter indicator

Spark plug adapter (1)

o0 wm>

1.4 Which of the following is used to measure the pitch diameter?

Depth micrometer

Screw-thread micrometer

Inside micrometer

Outside micrometer (1)

OO wm>

Copyright reserved Please turn over
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15 Which of the following are NOT a use for medium carbon steel
(0,25-0,55%)?

OO w>

Crankshaft
Pliers

Screw driver
Rivets

1.6 The temperature where carbon steel changes from pearlite to austenite
when heated is called the ...

A
B
C
D

recalescence point.
decalescence point.
lower critical point.

higher critical point.

1.7 Identify the milling operation as shown in FIGURE 1.8 below.

A
B
C
D

R ot et o
— 'f' 1|'—:= s | —
- =
F:I:.. -
I =
o i
FIGURE 1.8
Face milling
Straddle milling
Gang milling

Centralised milling

1.8 When using a simple indexing movement on the dividing head, determine
the amount of turns to be taken for a 5 teeth gear.

oOm>

5 full turns
8 full turns
12 full turns
4 full turns

1.9 Which ONE of the following is NOT an arbor cutter?

o0 m>

Copyright reserved

Plain cutters
Staggered tooth cutters
Profile cutters
Woodruff cutters

(1)

(1)

(1)

(1)

(1)
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1.10

1.11

1.12

1.13

1.14

1.15

Copyright reserved

Which of the following is a destructive test?

Liquid dye penetrant test
X-ray test

Nick bend test
Ultrasonic test

oO0Ow>

Which type of inert gas is used in MIG welding?

A Acetylene

B Oxygen
C  CO; mixed with argon
D Nitrogen

Indicate the correct answer for the abbreviation of a UDL, as used in the
calculations of moments in engineering components.

A Uniform depth load

B  Universal design load

C  Uniformly destructive load
D  Uniformly distributed load

Which component is directly proportional to the applied load and inversely
proportional to the cross sectional area of the body?

A  Strain

B  Young’'s modulus of elasticity
C Change in length

D  Stress

The PCMO (passenger car motor oil) must perform many functions and
should be aligned with the basic fundamentals of lubrication theory. Choose
the INCORRECT statement.

A Separates moving components by forming a film of lubricant between
them.

B  Cleans deposits and sludge from engine surfaces that prevent the
formation of varnish or lacquering on the piston.

C Minimises wear in areas of the engine where loads are high or speeds
are low.

D  The oil must foam and be unable to resist oxidation.

Which of the lubricants properties below can be defined as the lowest
temperature at which oil gives off vapours which can ignite?

A Pour point

B  Flash point
C  Viscosity

D  Ground point

(1)

(1)

(1)

(1)

(1)

(1)

Please turn over



MECHANICAL TECHNOLOGY (SEPTEMBER 2014)

1.16

1.17

1.18

1.19

1.20

What is the function of the ECU in a motor vehicle?

A Receiving data from the engine

B  Receiving data from the electronic control system

C Receiving data from the carburettor

D  Receiving data from the alignment system (1)

Which of the following statements defines Boyle’s law?

A  The volume of gas is inversely proportional to the pressure on it, if the
temperature remains constant.

The ratio between the stress and strain in a metal.

The reluctance of a body to move.

An internal force in material which resists a shearing load or force. (2)

oO0Ow

Hydraulics refers to the transmission and control of forces and movement by
means of ...

A volume.

B  fluid.

C load.

D gas. (2)

Which of the following is an advantage of a supercharger in comparison to a
turbocharger?

A Toinstall, it requires extensive modifications of the exhaust system.

B  Must idle before shut down.

C Do not suffer lag.

D  Are lubricated by engine oil. (2)

Identify the charger shown below and select the correct answer.

A Supercharger

B  Double charger

C  Steam charger

D  Turbocharger (2)
[20]
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(SEPTEMBER 2014) MECHANICAL TECHNOLOGY 7

QUESTION 2: SAFETY

Study FIGURE 2.1 below.

FIGURE 2.1

2.1 Name any FOUR safety rules that must be observed when working with a
hydraulic press. (4)

2.2  State if the following statements are TRUE or FALSE:

2.2.1 It is the learner’s responsibility to report unsafe/unhealthy
conditions in the work place. (2)

2.2.2 Always use the correct spanner to tighten the clamps of a bearing

puller. Q)
2.2.3 The surface grinder can be operated without proper eye

protection. (1)
2.2.4 It is safe to adjust guards while the power saw is in motion. (2)

2.3  List any TWO safety particulars that must be visible on the label of a gas
cylinder. (2)
[10]
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QUESTION 3: TOOLS AND EQUIPMENT

3.1 Explain the procedure step by step when connecting the gas analyser to
the exhaust pipe of a motor vehicle to test the CO, to analyse the gas
emitted by the exhaust pipe.

3.2 Mention a function and a care for the following tools being used in a work
place in the column below.

Tool Function Care

Cooling tester 3.21... 3.2.2 ...
Torsion tester 3.2.3 ... 3.24 ...
Spring tester 3.25... 3.26...

QUESTION 4: MATERIALS

4.1  State any FOUR different crystal structures that are indicated on an iron-
carbon equilibrium diagram.

4.2  Study FIGURE 4.2 below and identify the THREE temperature points on the
critical temperature diagram of 0,83% carbon steel, where different changes
take place, whether heating or cooling.

ot -
— 5_1, &

FIGURE 4.2

4.3  Give a brief explanation of the iron-carbon equilibrium diagram with
reference to the following:

4.3.1 Carbon content

4.3.2 Temperature

(6)

(6)
[12]

(4)

3)

3)

(3)
[13]
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QUESTION 5: TERMINOLOGY

5.1 Study the screw thread and identify the parts A—J as shown below.

1B C
A
/ D

T |

\ E F G

¥

H I
J

5.2 Identify the milling cutters from A—E as shown in the sketches that follow:

Copyright reserved

Please turn over



10 MECHANICAL TECHNOLOGY (SEPTEMBER 2014)

(5)

5.3 Draw neat sketches to demonstrate the difference between up-cut milling
and down-cut milling. (6)

5.4 Calculate the indexing required in cutting 32 teeth on the circumference of
a round bar. 4)

55 Calculate the width of a key way to be cut on a 50 mm shaft and describe
how you would centre a 20 mm wide side and face cutter to cut the key
way. (5)
[30]
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QUESTION 6: JOINING METHODS

6.1

6.2

6.3

6.4
6.5

Explain the difference between non-destructive and destructive tests that can
be performed on welded joints. (2)

Study the TWO welding defects below and identify a cause and cure for each
defect:

6.2.1 — —
— T T _
— T~ T
6.2.4
==
=
j: o~ :_;—_*l
= T T - =
"-\- e
Tabulate your answer as follows:
Defect Cause Cure
6.2.1 ... 6.2.2 ... 6.2.3 ...
6.2.4 ... 6.2.5 ... 6.2.6 ... (6)
Explain the procedure when the ultra-sonic testing method is performed on
welded joints. (6)
Mention FIVE visual inspections of a good weld. (5)

Identify the labels of the Mig welding process shown in the illustration
(FIGURE 6.5) below.

FIGURE 6.5 )
[25]
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QUESTION 7: FORCES

7.1 A tensile force of 100 kN is applied to a round steel bar. The bar has a
diameter of 50 mm and a length of 10 m. Young’s Modulus for this steel is

200 GPa.
Calculate:
7.1.1 The cross sectional area of the bar (3)
7.1.2 The stress (3)
7.1.3 The strain (2)
7.1.4 The extension of the bar due to the force (3)

7.2 Draw the stress-strain diagram and indicate all the important points on the
graph. (7)

7.3 A beam is subjected to two point loads and one UDL, and is supported at
each end by RL and RR.

\]/4 N 6N 2 N/m
\ P
T3m | 5m h 4 hi
RL T f: 2m . RR
A B C
Calculate:
7.3.1 The magnitude of RL and RR 4)
7.3.2 The bending moments at points A, B and C (3)
7.4 How would you ‘perform’ an advance test with the beam tester to determine
the deflection at any given bending moment of various materials? [3(8%

Copyright reserved Please turn over
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QUESTION 8: MAINTENANCE

8.1 Modern lubricating oils must fulfil certain requirements to prolong the lifespan
of an engine. Explain the following properties of oil:

8.1.1 Viscosity (2)
8.1.2 Pour point (2)

8.2 Study FIGURE 8.2 below and give a brief description of how you would go
about replacing a chain drive.

(6)

FIGURE 8.2
8.3 How would you maintain the efficiency of cutting fluid on a lathe? (3)
8.4 What is the main reason why belt drives must be maintained? (2)

[15]
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QUESTION 9: SYSTEMS AND CONTROL

9.1 The drawing below illustrates a hydraulic press. A force applied on piston ‘A’
induces a force of 380 N on piston ‘B’ of the press. This causes piston ‘B’ to
move 18 mm upwards. The diameter of piston ‘A’ is 170 mm and piston ‘B’

is 560 mm.
¥-force
Piston ‘A’ J80N
170 mm dia. m{
18 mm B
¥
Piston 'B’
¥ * T SE0mm dia.
Calculate:
9.1.1 The force applied on piston ‘A’ 4)
9.1.2 The volume displaced by piston ‘B’ 4)
9.1.3 The distance the piston ‘A’ moves downwards in mm (2)

Copyright reserved Please turn over



(SEPTEMBER 2014) MECHANICAL TECHNOLOGY 15

9.2 The following information is provided. The distance between driving pulley A
and driven pulley B is 650 mm. The driving pulley diameter is 350 mm and
the diameter for the driven pulley is 150 mm. The driving pulley rotates at
450 revs/min. Calculate the speed of the driven pulley.

650 mm

150 mm
350 mm

Driver Driven

9.3 A gear drive consists of 3 gears; gear C with 20 teeth, turns at 100 r/sec and
meshes with an idler gear, with 50 teeth. Gear D meshes with gear E, which
turns at 25 r/sec.

~ £\

Driver

50 Driven
Calculate:
9.3.1  The rotational frequency (revs) of gear D (3)
9.3.2  The number of teeth on gear E (3)

9.4 A gas occupies a volume of 0,08 m3 at a pressure of 3,8 MPa. Calculate the
pressure, if the volume is changed to 0,22 m3 at a constant temperature and

the pressure is changed to 7,9 MPa at a constant temperature. (6)

[25]
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QUESTION 10: TURBINES

10.1

10.2

10.3

10.4

Copyright reserved

Explain the operation principles of an impulse turbine.
Name FIVE types of steam turbines.

Identify the labels (a — e) on the gas turbine as shown in the illustration
below.

S -':mw)l |

r--"lhr‘

r! b r-.r
N g i_,ﬂ,h

o A v T #{wn
=i =

1-.-‘- =

Explain the working operation of a turbocharger.

TOTAL:

()
()

()

(5)
[20]
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MECHANICAL TECHNOLOGY: GRADE 12-FORMULA SHEET

1. BELTDRIVES

11

1.2

1.3

14

1.5

1.6

1.7

1.8

1.9

1.10

1.11

Belt speed =
60

(D +t)x N

Belt speed = "

(t = belt thickness)

Belt mass = Area X length X density (A = thickness x width)

Diameter of driven pulley

Speed ratio =

Diameter of driver pulley

drive pulle drive pulle .
Output speed = ~——P22Y_ o TTEPLEY o input speed
driven pulley driven pulley

Open-belt length =

2
n(D2+d)+(D d) +2c

4c

(D + d) n (D + d)?
4c

Crossed-belt length = + 2c
2nNT
60

Power (P) =

Ratio of tight side to slack side = %

2

(Tl —Tz)n'DN

Power (P) = where T; = force in the tight side
Ty
Permissible tensile force

Width =

2. FRICTION CLUTCHES

2.1

2.2

Torque (T) = HWnR
K = coefficient of friction
W = total force
n = number of friction surfaces
R = effective radius

2nNT
60

Power (P) =

Copyright reserved
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18 MECHANICAL TECHNOLOGY (SEPTEMBER 2014)

3. STRESS AND STRAIN

Force

31 Stress=——or (o= g)

change in length (AL)

3.2 Strain (e) =

original length (L)

33 Young’s modulus (E) = 25 or (%)

strain €

3.4

_ m(D?-d?)

3.5 Apipe - 4

4. HYDRAULICS

Force (F)
Area (A)

4.1 Pressure (P) =
4.2 Volume = Cross-sectional area x stroke length (I or s)
4.3 Volume liquid displaced by plunger = volume liquid displaced by ram

4.4 Volume = Area x stroke length

5.  WHEEL AND AXLE

. . __effortdistance _ 2D
5.1 velocity ratio (VR) = oo distance” = doma
5.2 Mechanical advantage (MA) = %

5.3 Mechanical efficiency (Nmech) = % X 100%

6. LEVERS

6.1 . _ Load (W)
Mechanical advantage (MA) = F fort (7)
6.2 Input movement (IM) = Ef fort X distance moved by ef fort

6.3 Output movement (OM) = load X distance moved by load

Input movement

6.4 Velocity ratio (VR) =

Output movement

Copyright reserved Please turn over
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7. GEARDRIVES

SPUR GEAR
7.1 Power (P) = %
72 Gearratio = [ree oL o et s
7.3 Nipue _ product of number of teeth on driven gears
Noutpur  product of number of teeth on driving gears
7.4 Torque = force X radius
7.5 Torque transmitted = gear ratio X input torque
6 Modle () = M ane o
7.7 Pitch circle diameter (PCD) = circular pitch (CP)xnnumber of teeth (T) or
PCD=Txm
7.8 Outside diameter (OD) = PCD + 2 module or OD=m(T + 2)
7.9 Addendum (a) = module (m)
7.10 Dedendum (b) = 1,157 m  or Dedendum (b) = 1,25m
7.11  Cutting depth (h) = 2,157 m or Cutting depth (h) =2,25m
7.12  Clearance (c) = 0,157 m or Clearance (c) =0,25m
7.13  Circular pitch=m X m
7.14  Work depth = 2 X add or work depth =2 X m

8. SCREW THREADS

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Pitch circle diameter: PCD = Tx m,.
Addendum (a) = module (m,)
Dedendum = 1,157 m,

Clearance = 0,157 mj

Outside diameter (OD) = PCD + 2 addendum

SSD

my

T=

(Normal module) m, = (module real) m, cos 6

Copyright reserved
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8.8 Number of teeth marked on milling cutter: Nr =————
(cos 6)3
8.9 Helix angle: 6
TAN @ = TTXPCD :
Lead of work piece
8.10  Lead of work piece =<2
TAN 6

8.11 Lead of milling machine = dividing head ratio x lead screw pitch

lead of machine

8.12  Change gears: g—; =

slead of work piece (gear)
8.13 Circle pitch = 7 X m,,

8.14 The milling machine has a table lead screw with a 6 mm pitch unless stated
otherwise.

9. SCREW THREADS
9.1 Pitch diameter (De) = OD — (0,5 x pitch)
9.2 Lead = pitch x number of starts

9.3 Helix angle: 6
lead

TAN 6 = xDs
9.4 Leading angle = 90° — (helix angle + clearance angle)
9.5 Following = 90° + (helix angle — clearance angle)
9.6 Clearance angle = 3° unless stated differently

10. 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
24x2 |28 |32 |40 [44 |48 |56 |64 |72 [8 | 100

10.1  simple indexing = 4n—0 (where n = number of divisions)

10.2 " change gears: g—:l = 5—: =(A—n) X %0 or

Dr A-n 40
_ (4-m 40

Dv A

angle in minutes
540’

10.3 Angle ind =

Copyright reserved Please turn over
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11. CALCULATIONS OF FEED
111  Feed (f) = fixTxN
Where f = feed per millimetre per minute
f1 = feed per tooth in millimetres
T = number of teeth in cutter
N = number of revolutions of cutter per minute

11.2 Cutting speed (V) =mrx D x N
Where D = diameter of the cutter in metres

Copyright reserved Please turn over
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