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2 ELECTRICAL TECHNOLOGY (SEPTEMBER 2010)
QUESTION 1 TECHNOLOGY, SOCIETY AND THE ENVIRONMENT
1.1 Culture is generally the way people do things, e.g. the way we dress,
communicate, etc. so the development of technology over time has drastically
changed the way we dress, communicate etc. The examples can include the
following:
The development of communications systems:
More people make use of mobile phones rather than the old/outdated
landlines. v
Instead of writing letters, people send e-mails or text each other. /
(Alternative Answer)
Social networks such as Twitter, Facebook or MXit has changes the way we
socialize with our friends.
(Any RELEVANT ANSWER WILL BE ACCEPTED) (2)
1.2 Allinvolved people have to be trained in, amongst others:
o Experts in their technical field with good workmanship skills. v
e Good communication skills. V
e Good time management skills. V
e Good marketing skills.
e Good financial skills. (Any acceptable answer) (Any 3) (3)
1.3  Contact (1)
1.4  Global warming, water and air pollution including carbon dioxide emissions.
N
Caused by coal fired power station. v
Construction of dams and water ways. ¥ Caused during hydro-electrical
power stations.
While it is a clean source of energy environmental impact can include
noise, visual pollution and an effect on birdlife. Caused by wind farm power
station. (Any 2) (4)
[10]
QUESTION 2 THE TECHNOLOGICAL PROCESS
21 2.1.1 The designed product should meet the following requirements:

e Work with a rechargeable battery or dry cells. V
e Must be equipped with an electrical motor.
o E//Iust have a high efficiency, low current with maximum power.
e Must be switched on with a motion switch.
¢ Must be strong and effective for the job.
¢ Any of the above or reasonable logical suitable
specifications. (Any 3)
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2.1.2  Methods of collecting data:

e Interviews with involved people or people with knowledge on
the specific area.
¢ Observation and analysing the product in order to understand
its design better. V
¢ Investigation and tests to determine if the project is going to
work, make notes and adjust methods.
e Any relevant answer not mentioned is accepted. (Any 2) (2)

2.1.3 Any two of the following:

Computer program (3D displays). V

Overhead projector displays. V

Photo copies, printed diagrams.

Audio visual displays.

Graphic demonstrations. (Any 2) (2)

2.1.4 o To get feedback from other learners about the artifact and how
the artefact could be improvedy
e Review the entire artifact with other learnersV
e To make appropriate changes to the artifacty
e Make recommendation where necessary regarding changes to

the artifact. (Any 3)  (3)
[10]
QUESTION 3 OCCUPATIONAL HEALTH AND SAFETY ACT
3.1 Heat, V
FuelV
OxygenV (3)
3.2 The selector switch must be on correct scale.

Set the selector switch to the highest full-scale deflection. v

Check whether you are going to read AC or DC.

Plug the leads into the correct positions.

Disconnect power on the circuit when measuring resistance.

Check that the voltage or current to be measured does not exceed the
capabilities of the meter.

e Check the polarity of the leads before connecting in the circuit. (Any 2) (2)

3.3  Use rubber hand gloves v when assisting a person who is bleeding. V
(Any correct answer) (2)

3.4  Working on live installation. v
(Any correct answer) (1)

3.5 Exposed live conductors. V
(Any correct answer) (1)
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3.6  Always clean your workstation. v
Every tool is on its place and is on its place
(Any correct answer) (1)
[10]
QUESTION 4 THREE PHASE AC GENERATION
4.1 e Three phase machine produces more power than single phase
Machine of the same frame size.
e A rotor of a three phase alternator is usually connected in star to
create neutral point with which the system can be earthed to prevent
floating voltages. V
e Three phase power is cheaper to generate. ¥ (Any 2) (2)
42 421 P=+v3Vicos@
=3 x 380 x 25 x 0,86
=14,15kw (3)
422 S=v3V
=3 x 380 x 25
= 16,454 kVA (3)
4.3 The CURRENT coil of the wattmeter is connected in SERIES with the load
and the VOLTAGE Coil in parallel with the supply. (2)
[10]
QUESTION 5 PRINCIPLES ON AC ON RLC COMPONENTS
51 5.1.1 X, =2mF LV
=2mx 100 x 0,3V
= 188,49 ohms (3)
5.1.2 Xc=1/2mFCY
Xc =1/2mx 100x 160x10°
= 9,95 ohms" (3)
51.3
Z =R2 + (X, — Xc)? v

=252 + (188,49 — 9,95)> \

=+32501,53
=180, 28 ohms (3)

5.1.4 i =V/Z
=150/ 180,28
=0,83 AV (3)
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515 Cos@=R/ZV
@ =cos' 25/180,28
@ =82,03°+ (3)
5.1.6 Fr =1/ 2m(LC)* Y
=1/2m (0,3 x 160 x 10°)%/
= 3315,73 Hz \ (3)
52 5.21 From the graph it is clear that the Resistance is not affected by the

522

frequency. VJ/

Inductive reactance increases as the frequency increases,
therefore its effect in a series circuit becomes larger with higher
frequencies. J/

5.3 The circuit is inductive if X, > X¢ V and capacitive if X, < Xc . V
54 541 T/
542 F/
543 T/
544 T/
545 F/
546 F/
QUESTION 6 SWITCHING AND CONTROL
6.1 e The TRIAC has two main terminals (anodes) and a common gate. V
e It conducts in both directions.
e It can be triggered by either a positive or negative gate pulse.
e It can be controlled over the full cycle of 360°V
6.2 e When the voltage is applied to the DIAC, two of its internal junctions

are forward biased and the third one is reverse biased/.

Once the terminal voltage rises above Vg, the third junction breaks
through and the DIAC starts conducting. v

The voltage across the DIAC now falls to a low voltage. /

When the current through the DIAC falls below the holding current Iy,
or when the terminal voltage falls to zero, the DIAC switches off and
it resets/



e |t determines the time it takes the capacitor to V/ reach the
trigger voltage. /

e The RC circuit causes a phase shift between the voltage
across the capacitor and the supply voltage. /

6 ELECTRICAL TECHNOLOGY (SEPTEMBER 2010)
6.3 6.3.1 DIAC symbol
Terminal 1
\/
N
Terminal 2 2)
6.3.2
TRIAC symbol
\/
Anode 1
\/
Gate 4/
\/
I 4
Anode 2 . )
64 641 F/ (1)
6.4.2 The angle from the start of a cycle to the point of triggering is called
the FIRING ANGLE /and the angle during which the SCR is on is
called the CONDUCTION ANGLE.. (2)
6.4.3 e The process of controlling the voltage across the load is called
PHASE CONTROL. / (1)
6.44 e The RC circuit trigger the signal for the SCR.
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6.4.5

6.4.6

R, limits the current / to protect the diode vV when R; is set at its
minimum.

When adjusting the variable Resistor R2, you can be shortening/
or increasing/ the time taken V by the capacitor to charge through
R1 and RQ.

QUESTION 7 OPERATIONAL AMPLIFIERS

7.1

7.2

7.3

7.4

7.5

7.6

711
7.1.2
7.1.3
7.1.4
7.1.5

7.2.1

71.2.2

7.2.3

C/
A/
BY
AJ
D/

Vour=negative (-Vcc) V
Vout= positive (+Vce) V
VOUT= ow

Open loop voltage gain A, = infinite. V

Input impedance Zj, = infinite. V

Output output impedance Zo= zero. ¥

Band-width = infinite

Unconditional stability

Differential inputs. That is two inputs

Infinite common rejection (Any 3)

Amplifiers/
Switches/
Variable power supplies V

So that the output of the op-amp can rise and fall both above Vand below
zero. For example from +9V to -9V or vice versa.

The inverting input of an op-amp is labelled with a “-” called the
inverting terminal.

If an input signal is fed into the op-amp’s input, it will be inverted as it
appears at the output. V

The non-inverting input of the op-amp is labelled with a “+” called the
non-inverting terminal.

As an input signal is fed into the op-amp’s input, the signal will not be
inverted as it appears at the output.

(3)
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7.7

7.8

Provides control of the input and output impedance.

Provides control of the range of operating frequencies (band-width)

of the op-amp. V

Improves stability. (Any 2) (2)

Increasing the amplifier bandwidth

Improving the amplifier’s stability

Reducing the noise produced within the amplifier

(Any 3 relevant and applicable answers) (3)

[25]

QUESTION 8 THREE-PHASE TRANSFORMERS

8.1

8.2

8.3

8.4

8.5

8.1.1

8.1.2

VL =3 x Vpn
Von =V /3

=380/V3
=219,39V (3)

VL = Vpn =4000V

TR =VIp/N2p

4000/219,39

18,23:1 (3)

Star-stary

Delta-starv

Star-deltaV

Delta- delta (Any 3) (3)

Copper losses

Iron losses v

Stray losses

Magnetic losses (Any 3)  (3)

Primary and secondary coils are electrically and magnetically
connected to each other and cause an insulation problem. V
Because of lack of insulation between the primary and secondary
sides their use is limited in electrical and electronic applications. V
Because they use only one coil their impedance is low. This can
lead to very high currents if the secondary side is short circuited.
(Any2)  (2)

Air cooling method

Oil cooling method

Water cooling method (Any 1) (1)
[15]
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QUESTION 9 LOGIC CONCEPTS AND PLCs
9.1 e Simplified design/
e Quick delivery/
e Compact and standardized/
e Improved reliability (Any 3) (3)
9.2 e Ladder Logic (LL)V
e Instruction list (IL) /
e Logic block diagram (LBD) / (3)
9.3
Circuit Diagram Description Ladder Diagram
Symbol Symbol
6 Normally open switch or
other type of normally open
device used as input to the rRnnEEan  parm
+ ? PLC
9.3.1 9.3.4
Normally close switch or
other type of normally close
device used as input to the RLEEEY) seanmn
PLC
9.3.2 9.3.5
Relay or other type of
device used as output from
aPLC [ }
9.3.6
9.3.3 (6)
94 A | B | C | Output
0/0]|0]0
0|0|1]0
0[1]0]0
0[1[1]1 ~
1]10/0(0
1]0/1[1
1[1]0][1 W
1111 W
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9.5

9.6

9.7

9.8

ABC + ABC + ABC + ABC = x
C(AB + AB) + A(BC + BC) = x
Cl+1)+AB+1) =x

C+AB=x
AB+C=x
9.6.1
]/ 1/ 1/ \/ Output = ABC + AB + BC + AC

NOTE: We are asking learners to draw the gate network of “their
“simplified Boolean expression. This means that if the
gate network is correct according to their Boolean
expression, we must allocate these 8 marks irrespective.

The TWO types of multivibrators are:

Monostable/
Astable/
Bistable

A monostable multivibrator is a device that has only one stable. /
An astable multivibrator is a circuit that has no stable state. /
A bistable multivibrator is a circuit that is stable in either state.

(2)
[33]
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QUESTION 10 THREE PHASE MOTORS AND CONTROL

10.1

10.2

10.3

10.4

10.5

10.6

10.7

Insulation Resistance Test between Windings. V
Insulation Resistance to Earth Test. \
e Short Circuit and Open Circuit Test. \

No. of poles V
Frequency

Swap any two of the three lines. ¥

¢ When the motor is connected to the supply, currents start flowing in the
windings of the stator.

¢ Owing to the phase difference of the currents, a rotating magnetic field
is produced in the stator.

e The rotating stator field cuts the static rotor conductors, inducing emfs
and currents in them. V

e The currents in the rotor conductors create a magnetic field around
these conductors in such a way that they try to oppose the action of the
stator field.

¢ Magnetic field lines around the rotor conductors weaken the stator field
on one side of the conductors and strengthen the stator field on the
other side of the conductors.

¢ A magnetic force is exerted on the rotor conductors, pulling them in the
direction of the rotating magnetic fieldV

¢ Owing to the torque on the rotor, it starts turning faster in an attempt to
reach the speed of the rotating magnetic field. V

¢ As the motor speeds up, the torque produced balances the load and the
current is just enough to keep the rotor turning.

Lock-out switches \

Isolator

No volt coil \

Overload coil \/

Earth leakage device (Any 4)

e To switch or activate the main contact.
e For safety purpose. (Cannot restart automatically). v

At start the motor is connected in a star mode.

The voltage across each phase will b e reduced. ¥

This reduction in phase voltage will reduce the current in each phase.
As the motor speeds up and approaches full speed the starter
automatically changes over into the delta mode. V

The full line voltage is now applied to each phase.

¢ With the increase voltage across each phase there is an increase in
current in each phase. V
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10.8 e Copper lossesV
e Magnetic or iron lossesV

e Mechanical losses (Any 2) (2)

10.9 The star-delta starter is used to reduce the starting current v of a motor at
Star to reduce unnecessary tripping. (2)
[30]

TOTAL: 200
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