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INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2. Read ALL the questions carefully.

3. Number the answers according to the number?i“ﬂg “sy"st ‘this question
paper. ‘

4. Write neatly and legibly.

ubsections of Questions together

completion of each Question

2

11. \nswers must be rounded off to THREE decimal places.

Copyright reserved Please turn over



(15070413) 3- T570(E)(N20)T

“STION 1: MOTION, POWER AND ENERGY
1.1 Define the term ‘velocity' of an object (2)
1.2 Sketch and describe the difference between initial velocity and final velocity (2)

1.3 A racing car move from rest and accelerates for 15 seconds with a uniformly
acceleration of 4 m/s?. Determine the displacement after 15 seconds (3)

1.4 A truck with a mass of 8 tons travels at a velocity of 60 km/h and collide
a minibus with a mass of 5 tons travelling in the same direction at40 km/h.
After the collision the two objects move together in the same direction.

collision.

(4)

1.5 A pulley with a diameter of 40 cm is driven by a b

(2)

[15]

(@)

20 kN/m 80 kN

3m

v

FIGURE 1
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2.2.1 Calculate the reactions at the supports (6)

2.2.2 Draw a shear-force diagram, using a suitable scale. Show ALL the (3)
main values on the diagram.

2.2.3  Determine from the diagram the maximum and minimum shear forces (2)

[13]

QUESTION 3: FORCES

3.1 Define the term 'parallelogram of forces'

3.2 The FOUR forces in FIGURE 2 show a system of forces.

50 N
100N

FIGURE 2

Calculate the followin

(3)
)

S 17 S S /.

v

F

550 N ()
[15]

FIGURE 3
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QUESTION 4: FRICTION

41

4.2

QUESTION 5: HEAT

5.1

5.2

5.4

55

Name TWO advantages and TWO disadvantages of friction. (4)

An iron block with a mass of 45 000 g rests on an inclined plane of 16° to the
horizontal. Take the coefficient friction as 0,25

Calculate the following:

421 The weight component perpendicular to the inclined plane.
4.2.2 The weight component parallel to the inclined plane
4.2.3 The friction force

4.2.4 The minimum force required the pull the block up th

2
(2)

An aluminium r
heated and hé‘,:’emper’at e increases to 65 °C. Calculate the change in the -
The enthalpy of the dry saturated steam. (1)
5.3.2 The enthalpy required to convert 2 kg of water into wet steam. (2)
Define heat capacity (2)
Define the term specific heat capacity [1212])
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QUESTION 6: HYDRAULICS
6.1 A diesel generator with an output power of 5 kW drives a single - acting pump.
The pump delivers 80 000 litres of water per hour. The tank is 20 m vertically
above the pump.

Calculate the following:

6.1.1 The pressure exerted by the pump in kPa
6.1.2 The work done by the pump per hour.
6.1.3 The efficiency of the pump.

6.2 The following data refers to a maintenance test with an hydré’j ic press:

Diameter of the plunger
Diameter of ram

Stroke length of plunger
Effort on the plunger

Determine the following:

6.2.1 The force exerted by t (2)

6.2.2 (2)
6.2.3

(3)

[13]

slow here a circuit was tested with the following readings
OV, lr=0,06A1,=0,02A and R2=1KkQ

I
> R,
- Rg
P
It 4
}1 |
FIGURE 4
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Determine the values of:

7.1.1  The total voltage across Rt (Vri) (2)
7.1.2 The total resistance of the circuit. (Ry), but first calculate the value of

R3 (5)
7.1.3 Power consumed by R» (2)

7.2 A single-phase transformer has a supply voltage of 240 V and a pn_ﬂ,y
current of 20 A at full load. There are 50 primary turns and 300 secondary
turns on the transformer
Calculate the following:

7.2.1  The secondary voltage.

7.2.2 The secondary current. (2)
[13]
QUESTION 8: CHEMISTRY
8.1 Fill in the missing words. Write only
8.1.8) in the ANSWER BOOK.
(6)
(6]
100
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FNGINEERING SCIENCE N3
FORMULA SHEET

All the formulae needed are not necessarily included.
Any applicable formula may also be used.

W=F.s my.uytmy gy =my.v;Emy v,
W=p.V D, =(D +1)
W
P= ___t__ Moipwer = h’f + x'hfg
. _ P=2zaTn..T=F.r
_ Ulitset/Output 100%
Inset/Input p= Fram _ Fpr
F e Apam Apr
= By Veam =VpL X n
Np
M= tand

Np =Fp £ Fpsino ...a=0
Fg = wsind
Fe = wcost
Freosa=F, £ Fg..a=0
F,=T,-T,

T; . .
—~ = tension ratio

2
- Q=m.c. 4t ..tp =tot At

mww = Q =m.hv

AL=Lo.a.Adt.. Ly=Lo = AL
AA=A{)./)).At... Ar=Apx AA

2
2.a.s=v> —u’

1 2
S=u.l +—.a.t”
2

m=1.z.1 v=u+at
Vo _Np _Is STF=xlF
Vs N5 Ip M=F.Lls
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5 CWM = XACWM

Psps = Pary + Puer

P=8xgxh
1 1 1
=t —
Rpar Ry R,

RSER = RI + ... Rll

V]‘Vz ="‘€(U1“‘U2)
V=Ix

=
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INFORMATION SHEET

PHYSICAL CONSTANTS

QUANTITY CONSTANTS | HOEVEELHEID
KONSTANTE

Atmosphetic pressure 101,3 kPa Atmosferiese druk

Density of copper 8 900 kg/mB Digtheid van kopg[

Density of aluminium 2770 kg/m“ Digtheid van alumihsu

Density of gold 19 000 kg/m’

Density of alcohol (ethyl) 790 kg/m“

Density of mercury

Density of platinum

Density of water

heid van water

Density of mineral oil Digtheid van minerale olie

Density of air

gtheid van lug

Electrochemical equivalent of silver Elektrochemiese ekwivalent van silwer

Electrochemical equivalent of copper Elektrochemiese ekwivalent van koper

Gravitational acceleration Swaartekragversnelling

Heat value of coal 30 MJ/kg Warmtewaarde van steenkool

Heat value of anthracite 35 MdJd/kg Warmtewaarde van antrasiet

Heat value of petrol

45 MJ/kg Warmtewaarde van petrol

Heat value of hydrogen 140 MJ/kg Warmtewaarde van waterstof

17 x 10°%°C | Lineére uitsettingskoéffisiént van koper

23 % 10°/°C | Lineére uitsettingskoéffisiént van aluminium
12 x 10°%°C | Lineére uitsettingskoéffisiént van staal
54 x 10°°/°C | Lineére uitsettingskoéffisiént van lood

2100 J/kg.°C

Spesifieke warmtekapasiteit van stoom

4187 J/kg.°C

Spesifieke warmtekapasiteit van water

 capacity of aluminium 900 J/kg.°C Spesifieke warmtekapasiteit van aluminium
Specific heat capacity of oil 2 000 J/kg.°C | Spesifieke warmtekapasiteit van olie
Specific heat capacity of steel 500 J/kg.°C Spesifieke warmtekapasiteit van staal
Spacific heat capacity of copper 390 J/kg.°C Spesifieke warmtekapasiteit van koper
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QUESTION1: MOTION, POWER AND ENERGY

1.1 Velocity is the rafe of displacement of a moving body in relation to time v (2)

1.2

Displacement in m/s

U4  Timein Sec v

Initial velocity (U4) is where the object will start and the final velocity (V4)
is where the object will end in that particular face /period v (2)

1.3

a =4 m/s>

0 15 sec

S=uxt+xaxt
S=0x15+1%x4x(15)
S =450 m v (3)

1.4 M = 8 tons = 8000 kg

Uq =60 km/h = 16,667 m/s
Mz =5 tons = 5000 kg
Us =40 km/h = 11,111 m/s

my X Uy +m2xU2=(m1 +m2)V
8000 x 16,667 + 5000 x 11,111v" = (8000 +5000) V v

V =133 336 + 55 555,556
13 000 v

4
V = 14,53 m/s v (4)
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D=40cm =400 mm or0,4 m
t=1,2mm
T1=1320N
To=123,154 N
V=12m/s
1.5.1 V=mxdxN
60
12=1rx04xN Vv
60
= in v
N = 572,884 r/min (2)
1.5.2 P=(Ti-Ty)V
P=(1320-123,154)x 12 v
P =14 362,152 W or 14,4 kW v (2)
[15]
QUESTION 2: MOMENTS
2.1 Concentrated Load = Load acting on a point or point load and normally
act vertically downward v
Uniformly distributed Load = is a load that spread evenly over the length
of a beam or a part of the length of a beam v (2)
2.2
LYY Y s,y ) fa) Y
s £
2m N 5m _ 3m R
A B C D
FIGURE 1
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2.2.1 Taking moment about A
Sum of the anti-clockwise moment = sum of the clock wise moment

Cx7 =20x2+140x3,5+80x 10 v
Cx7 =40 +490 + 800

Cx4=1330
C=1330 v
7

= v
C =190 kN 3)

Taking moments about C
Sum of the anti-clock wise moments = sum of the clockwise moments.
3,56x140+20x5=80x3+Ax7 v
490 + 100 =240+ Ax7 v

A =50 kN 4 (3)
Test
Upward force = Downward forces

A+C=20+80+140
50 + 190 =240 kN
240 kN =240 kN

2.2.2
+ 80 kN

+ 50 kN

v +10 kN v

- 10 kN

- 110 kN

2.2.3 Maximum =-110 kN v
Minimum=+80kN v (2)
[15]
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GUESTION 3: FORCES
3.1 If TWO pulling forces, acting at a point, are represented in magnitude

and direction by TWO adjacent side of a parallelogram, the resultant

of the TWO forces is represented in magnitude and direction by the

diagonal of the completed parallelogramv’ drawn from the point where

the forcesact v (2)

3.2

50 N
100 N

FIGURE 2

3.2.1 The sum of the horizontal components and give the direction
> HC=-70+ 100 Cos 45" + 50 x Cos15° v
> HC =-70+ 70,711 + 48,2963 v
S HC =49 kN EAST v )
3.2.2 The sum of the Vertical components and give the direction
2VC=-90-508Sin 15+ 100 Sin45 v
2VC =-90-12,94 + 70,7071 v

SVC = - 32,229 kN South v (3)
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3.2.3 49

\

32,229

R =V(32,229)° + (49° v
R=1087,708 kN v

Tan o = 32,229/49
a = 33,33 v (3)

[11]

QUESTION 4: FRICTION

4.1 Braking of an object v
Transfer Power v
Wear between two objects in contact v/
Cause objects like scissors to get blunt v

4.2 4.2.1 W. Cos 6 =45x 9,8 x cos16® v
Fc =423916N v (2)
422 W.Sin®=45x98xsin16° v
Fs = 121,556 N v (2)
4.2.3 Fu=Fcxup
Fu=105979 N v (1)
424 Fup = Fu + Fs
Fup = 105,979 + 121,556 v/
Fup =227,535 N v (2)

[11]

QUESTION 5: HEAT

51 5.1.1 AT =tp— 1
AT =80-18
AT =62°C v (1)
51.2 Heat Energy = m x HV
Q=13x390 v
Q=390 MJ v (2)
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5.1.3 Q =mxcxAT
m=Q
CXAT
, =390 x 10°
4200 x 62 v
M = 1497,696 Litres v/ (2)
5.2 AA = Ao x 2a x At
=(0,25x0,1)x2x25x 10° x (65-23) v
AA=525x10°m? v (2)
53 5.3.1 Hary = hfg — hig
=2174 - (1 x 2174)
=2720kd v (1
5.3.2 Hwet = (hf + xhfg) x 2
Hwet = (546 + (0.94 x 2174) x2 v
Hwet = 5179,12 kd v 2)
5.4 Is the quantity of het to raise a substance temperature by 1 °C v'v/ (2)
55 The specific heat capacity of a substance is the quantity of energy required
to raise the temperature of a unit mass of materialv’ of a substance by 1 °C v (2)
[14]
QUESTION 6: HYDRAULICS
6.1 Pin =5 kW
Q =80000 I/h
H=20m
6.1.1 Pr=pxgxh
P, =1000x 9,8 x 20 v
P, = 196000 Pa or 196 kPa v (2)
6.1.2 Work done (Wd) = Force x distance
Wd=mxgxs
Wd=22,22x9,8 x 20 v
Wd = 4355,556J or4,4 kd v (2)

ENGINEERING SCIENCE N3
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6.1.3 N = Wd/Pin x 100
N=44/5x100 Vv
N=88% v
6.2 6.2.1 d =50 mm
D= 200 mm

h=70cm =700 mm
effort =310 kN

- w
2 D2

Qe

=

x D?

£
d2
W= 3

10 x 200° v/

502
W=4960kN v
6.2.2 D?. h=d?H
H =D%h
o
= (50) x 700 v
(200)°

h =43,75 mm v

6.2.3 No of strokes = D? x height lifted
d® x stroke

No of strokes = (0.2)* x 46 v
(0,05)°x0,7 v

No of strokes = 1051,428 strokes v

QUESTION 7: ELECTRICITY
71 7.4 Vi=1xR

Vi =0,05x12x10°v
Vry = 60 Volts v

Copyright reserved
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(2)

(3)
[13]

(2)
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7.1.2 Vp = V7 - Vg
Vp=90-60
Vp =30 Volts v
Rs=Vp
|
Ra =30
0,02
R:=1500Q Vv
1 =1+1
Re Rz Rs

1 =1 + 1

Re 1000 1500 v

Rp=5988Q Vv
RT = R1 + Rp

Rr=1,2x10%+598,8
Rr=18kQ Vv

7.1.3 Power=V x1Ixt
Power=30x0,02 Vv
Power = 0,6 Watt v

7.2 7.2 Vy= Ve

Vs = 300 x 240
50

Vs = 1440 Volts v

Copyright reserved

November 2014

Please turn over

(5)

(@)

(2)



MARKING GUIDELINE -10-

ENGINEERING SCIENCE N3

7.2.2 lp=Ng
ls Ny

ls = Ip X Np

Ns
Vs = 50x 20 v

30
Ve= 3,333 Amps v

QUESTION 8: CHEMISTRY
8.1 8.1.1 Electric current v
8.1.2 lons v
8.1.3 Solder v
8.14 Lead ¥
8.1.5 Strength v

8.1.6 High melting point v
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