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MECHANICAL TECHNOLOGY (SEPTEMBER 2013)

QUESTION 1: MULTIPLE-CHOICE QUESTIONS

(Learning Outcome 3: Assessment Standards 1 — 9)

1.1 A C | D
1.2 A D

1.3 B | C | D

1.4 A | B D

15 A | B | C

1.6 B | C | D

1.7 A | B D

1.8 B | C | D

1.9 A C | D

1.10 B | C | D

1.11 Al B | C

1.12 A | B D

1.13 B | C | D

1.14 A | B D

1.15 B | C | D

1.16 A | B | C

1.17 B | C | D

1.18 A C | D

1.19 B | C | D

1.20 A | B D (20x 1) (20)

QUESTION 2: APPLIED MECHANICS

(Learning Outcome 3: Assessment Standards 6 and 8)

2.1 2.1.1 Safety factor (SF) _ max.stress

- safe stress
_85

=5+ )

_17x103 v

~ (mx0,022
4

= 54112 726,36 Pa
=54,11 MPa v (2)

2.12 gTRESS
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. roduct of no. of teeth on driven gear
2.2 2.2.1 Gearratio = p f f - 9
product of no. of teeth on drive gear

_94x62 V
T 31x47
=4:1+
222 . product of drive gear
OUtpUt Speed - Speed X product of driven gear
=1500 x% V
=375 r/min Vv
223 Power (P) — 2TNT T _ (5X103)X6O
60 N xax1500
T = (5x10%)x60 ¥ =31,83N.m
T 2xmx375 v _ _
= 127.32 N.m. Tout = gear ratio. X Ti,
=4 x31,83
=127,32 N.m.
23 231 Realmodulem, =—2
cosf@
—_5
" 05280
=5,6628 mm
The P.C.Dofgear=T xm;
=48 x 5,66 mm
=271,81 mm+/
2.3.2  Addendum =m,V
= 5mmv
2.3.3  Dedendum = 1,157 x m,V
= 1,157 x5
=5,785mm v
2.3.4 Full depth = 2,157 x m, OR  Full depth = add + ded
=2,157x5 =5+5,785
= 10,785 mm =10,785 mm
2.35 Clearance = 0,157 x m OR Clearance = ded — add
=0,157x5 v =5,785-5
=0,785mm v =0,785mm

(2)

(2)

3)

(4)

(2)

(2)

(2)

(2)
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2.4

2.5

2.6

2.4.1 100N _ force
1502 7502 v
. __ 100 x7502
~ forcepiston B = ——= v
=2500N
2.4.2 Area x distance = Area x distance
1502 x distance = 750%x 10 v
Lo _750%2x10 V
-~ distance EPTTYE
=250 mm v
2.4.3 No effect v
PITCH = 12
3
=4mm v
EFFECTIVE DIA (Dg) = BD — (0,5 X PITCH)
=50-(0,5x4)
=48 mm
Helix angle TAN 6 = Lead
XDy
12
%48
© =4,55° +/

LEADING ANGLE = 90° — (heliks angle + clearance angle)

=90° — (4,55° + 3°) v
=82.45° +/

TRAILING ANGLE =90° + (heliks angle — clearance angle)

2.6.1

2.6.2

2.6.3

V.R.

=90° + (4,55° - 3°) V
=9155° v

Effort applied = %50 V
=3375N V

2x210
160-130
14
1

14:1

fimech = Jg X 100%

=337 4 100% v

14

=24,12%

3)

3)
(1)

(8)

(@)

(2)

(2)
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27 271  Torque =036 x (4x103)V x2x %
=403,2N.m. V (3)
2.7.2 Power = 2><n><376000x303,2 v
= 156,23 kW 3)
[50]

QUESTION 3: TOOLS AND EQUIPMENT
(Learning Outcome 3: Assessment Standard 2)

3.1 Test piece v

Load v
Hardened steel ball v/
Diameter of impression v/ (4)

howbdE

3.2 Gas analyser / CO-gas analyser
Carbon monoxide gas analyser v (Any 1 x1) (1)

3.3 e Too rich mixture v
e Wrong idling speed v
e Clocked air filter element v
e Faulty choke (locked in closed position) v 4)

3.4 1. To determine the yield stress of a piece of material. vV

2. To determine the ultimate stress of a piece of material. v

3. To determine the percentage elongation of a piece of material. v 3)
3.5 Metal Inert Gas Shielding vV OR

Metal Arc Gas Shielding (2)
3.6 Argonv

Argon + carbon dioxide (CO,) v

Argon + oxygen

Argon + helium

Argon + helium+ carbon dioxide (Any 2 x 1) (2)

3.7 e Inletvalve that is leaking v
e Outlet valve that is leaking v
e Worn piston rings v
e Blown head gasket v

e Cracked cylinder block 4)
[20]
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QUESTION 4: MATERIALS

(Learning Outcome 3: Assessment Standard 3)
41 4.1.1 |t provides hardness to an alloy.v (1)

4.1.2 e Producing a stronger metal v
e Increasing resistance to corrosion and rust v
e Changing the colour of the metal v/
e Increase the electrical resistance v
e Improve the ductility and elasticity
e Improving casting properties
e Strengthen the metal against wear and tear
e Lowering the cost of the metal

e Lowering the melting point (Any 4 x 1) (6)
42 . The most abundant metal v
. Lightweight v
. Ductile v
o Malleable
o Soft
o Resistance to corrosion
o Conduct heat
o Conduct electricity
o Non-magnetic
o Bluish-white — silvery-white colour (Any 3x 1) 3)
4.3 | ADVANTAGES DISADVANTAGES
Rapid moulding and extrusion v Lack of durability v
No wastage v Creep v
Scrap and rejects can be used Degradation N
again v/
Loss of shape
(3 x 1) | Brittleness (Any3x1) | (6)
4.4  Tiny +lead v 2)
4.5  The material is much tougher and stronger. v
The bicycle is much lighter than other bicycles. v (2)
4.6 Itis when two or more non-ferrous metals are melted together to form one
metal. v Examples:
Brass v

Bronze three types

White metal (babbit)

Duralumin

Solder — silwer

Pewter (Any 1 example + 1) (2)
[20]
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MECHANICAL TECHNOLOGY

QUESTION 5: MANUFACTURING PROCESS, CONSTRUCTION AND SAFETY

(Learning Outcome 3: Assessment Standards 1, 4 and 5)

5.1

5.2

5.3

5.4

53.1

5.3.2

54.1

5.4.2

Use safety goggles v
Make sure the workpiece is properly secured. v

Be careful for metal particles coming off after the metal fractures. v
Do not hold the test piece with your hands, it may be hot. Use pliers.

See that all guards are in place. V

Ensure that

no oil or grease is on the floor. V

Select the correct blade for the material to be cut. v

When changing blades ensure that machine is switched off at the

mains.

When replacing the blade, do it carefully.

Do not adjust guides whilst machine is running.
Clamp material properly.

Support long pieces of material at the end.

Always stop machine if you leave it unattended.
Ind = @
N
_ 40
= E\/
2X2
T % 1ox2
= 2 full turns and 4 holes on the 38 hole circle v
Angle ind S
540
(11x60)+40
540
700
T540
:1 8X%X2
27X%X2
=1 full turn and 16 holes on the 54 hole circle v
Ind = 49
N

= no turn but 16 holes on the 24 hole circle. v

Change gears needed:

DR

DN

_(A-N) 40
A 1
(60-61) 40 V

60 1V
_ 2x16

T 3x16
= simple drive
DR = 32T v and the DN = 48T v

(Any 4 x 1)

3)

(4)

3)

(4)

3)

(5)
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5.5

5.7

5.4.3 Direction of rotation is to the left (negative) (anti-clock) v (1)
downcut (4)

1. 40 tooth worm wheel v/
2. Sector arm v
3. Index plate v
4. Index crank v/
5.  Single start worm v (5)
571 e Atmospheric contamination v

e  Surface contamination v

e Dirty or wet electrodes

¢ Rusted MIG-wire (2)
5.7.2 e Check for leakage on gas supply from the MIG-welding

machine v

e Clean surface

e Change electrode

e Change MIG-wire 1)
573 e Poor welding technique v

e To awide weld jointV

e Excessive iron oxide

e Welding speed too slow

e Welding current too low (2)
574 e Clean the surface to be tested v

e Spray the liquid dye penetrant onto surface v

e Allowdye todry v

e Use cloth and cleaning detergent to remove excess dye v
e Spray developer on weld allow to dry v
e Use cloth and cleaning detergent to remove excess developer v

e Defects will start to show. (ultraviolet light is sometimes used) v (7)
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58 V =nxD XN
Cutter r/min = N

_ 85
N_nx0,12 v

= 225,47 r/min v

Feed (f) =fi xTxN
f=0,01x 40 x 225,47 v
=90,19 mm/min v (6)
[50]

QUESTION 6: TURBINE AND MAINTENANCE

(Learning Outcome 3: Assessment Standards 7 and 9)

6.1 e Make sure tractor’s diff oil is warm. v
e Place container under diff and clean the drain plug. v
e Remove oil filler plug and then drain plug and drain oil into container. v
e Allow enough time for oil to drain. v
e Clean the filler and drain plug and place new copper washer on each. v
e Screw drain plug back with new copper washer. v/
e Fill the diff until the oil starts to trickle out of the filler hole. v
e Note! Do not over fill; screw filler plug back and clean excessive oil. v (8)

6.2 Refers to the resistance Vof oil to flow. v (2)

6.3 e« Must be water resistant (must not mix) v
e Rust/corrosion resistant v
e Good for load pressure v
e High melting point

e Low freezing point (Any 3x 1) (3)
6.4 641 Cv 1)

6.42 B+ (1)

6.43 AV 1)
6.5 1. Timing chain v

2. Camshaft pulley v/

3. Chain guide v

4. Crankshaft pulley v (4)

6.6 6.6.1 1.Inlety
2. Outlet v
3. Rotor v
4. Casing/housing v (4)
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6.7

6.8

6.9

6.6.2 e More power is obtained compared to a similar vehicle without a

turbocharger. v
e More economical per given kilowatt output to similar engine
size. V
Less fuel is used compared to engine mass.
Power loss at altitude is eliminated
Supercharger do not suffer lag
Superchargers do not need special exhaust systems

Superchargers do not need special shutdown procedure
(Any 2 x1)

6.6.3 e Small amount of power loss because it uses engine power v

e Higher fuel consumption if power generated not fully used v

e The lifespan of engine is decreased because of higher cylinder
pressure, which increases the load on the engine parts.

e Owing to compression of air this results in an increase in
temperature causing a decrease in the density of the inlet charge

STEAM GAS
e Itis compactV e Easy starting vV
e No lubrication required v e High power from given weight of
engine v/
e Turbine can be accurately e No rubbing internal parts so that
regulated internal friction and wear are

almost eliminate

Variety of fuels can be usedto | ¢ No water cooling system needed
obtain steam
More economical e Requires little routine maintenance

Remove all balance pieces v

Remove mud and dirt from the rim. v

Remove small stones and mud from the wheel surface. v

Inspect the wheel surface for wear.

Check the side walls.

Inspect the rims.

Check if the wheel sizes are the same.

Check the working of the shock absorbers.

Check the steering column for wear. (Any 3x1)

Kinetic energy is the steam which is converted to mechanical energy to
cause rotation. v

Steam at very high temperature and pressure is directed to the turbine. v
Nozzles are used to direct the pressure onto the blades. vV

The blades are attached to the turbine and shaft causing it to rotate. v/
This is mechanical energy created by the impulse and the reaction effort
of the steam jet. v

TOTAL:

(2)

(2)

(4)

3)

(5)
[40]

200
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