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ELECTRICAL TECHNOLOGY (SEPTEMBER 2014)

QUESTION 1: OCCUPATIONAL HEALTH AND SAFETY

1.1  Anaccident is an unplanned, \ uncontrolled event \ caused by unsafe acts
and conditions. v

1.2 No. Y The employee has the right to privacy. V

13

Apply direct pressure or use a pressure bandage. V

Keep the victim calm. V

Keep the bleeding point above the heart level if possible. ¥

When there is arterial bleeding, pressure may be insufficient, and it may
be necessary to use a tourniquet. v

A tourniquet may be used but the tourniquet pressure must be relieved
periodically to prevent tissue damage.

QUESTION 2: THREE-PHASE AC GENERATION

2.1 (The question asked for methods used in South Africa.)

2.2

wind

Solar

Hydroelectric

Pumped storage (Any 2 x 1 1)

Copper losses

Iron or core losses

Friction losses

Windage losses (Any 3 x 1 VW)

2.3 Generation process

For three-phase and single phase alternators of similar sizes three-phase
will generate more power.

Three-phase can supply power to single and three-phase loads.
Three-phase is cheaper to generate.

Three-phase requires less maintenance.

Three-phase has two connection options, star and delta. ~ (Any 1 x 214)

Transmission and distribution process

Copyright reserved

Lower currents mean less heat.

Less heat means fewer losses.

Lower current means thinner cables can be used reducing costs.

Pylons required to support thinner cables will require less metal during
construction reducing costs.

A neutral point is available when connected in star.

Load distribution and phase balancing becomes possible. (Any 1 x 2 \)

3)
(2)

(5)
[10]

(2)

3)
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(SEPTEMBER 2014) ELECTRICAL TECHNOLOGY 3
The load
e Three-phase motors are more efficient.
e Three-phase motors have a higher power factor.
e Three-phase motors have a much higher starting torque.
o Three-phase motors do not need additional starting circuitry.
e For three-phase and single phase motors of similar physical sizes, three-
phase will produce more power.
e Three-phase can be connected in star or delta. (Any 1 x2 ) (6)
24 241 V, = \/EX Ve v
= /3x240
=415,69 VV (3)
242 g =\/§|LVL
S
||_= \/
V3V,
15000
~ /3x415,69
=20,83 AV (3)
243  p=./31V.cosb V
=,/3x20,83x415,69x 0,87
= 13,05 kW
OR
P =Scosb
=15000 x 0,87
=13,05 kW 3)
[20]
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4 ELECTRICAL TECHNOLOGY

(SEPTEMBER 2014)

QUESTION 3: THREE-PHASE TRANSFORMERS

3.1 Identical turns ratios

Identical voltage and current ratings
Identical power ratings

Identical power factor

Identical efficiency

Identical size

3.2 3.21 VL(SECONDARY)= VL(LOAD)= 400V

P =\/§ VI cosB
P
|L(SECONDARY)=m
L
_ 300000
v/3x400x 0,87
=497,72 A

3.2.2 oy = ILT:? N
_ 497,72
= 22 \
= 287,36 AV
3.2.3 P
cos B

300000
© 0,87

= 344,83 kVA
OR

S= \/ngIL
=,/3x400x 497,72
= 344,83 kVA

3.2.4  SprimARY = Sseconpary = 344,83 kKVA
S
||_=
V3V,
344,83
V3 x 6 000
=33,18 A

Copyright reserved

(Any 3x 1) ()

3)

3)

3)

3)
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(SEPTEMBER 2014) ELECTRICAL TECHNOLOGY 5
3.25 | _I_|_
PH /3
_ 33,18
3
=19,16 A (3)
3.3 e Air blast type (or air ventilated type)
e Oil filled self-cooled type
e Oil filled water-cooled type (Any2x1VV) (2
[20]
QUESTION 4: THREE-PHASE MOTORS AND STARTERS
41 e Rotory
e Stator V
e Stator windings V
(Also accept end-plates) 3)
4.2 e When the three-phase supply is connected to the motor, a rotating stator
field is generated automatically.
e This rotating stator field induces a large current in the metal rods of the
squirrel cage rotor.
e These induced currents in the rotor create their own magnetic field. v
e The rotating stator field and the rotor magnetic fields react with each
other.
e Aforce is exerted between the two fields (called torque) and the rotor
starts turning in the same direction as the rotating stator field. v
e As the rotor speed increases, less current is induced in the metal rods of
the rotor, because the relative speed between the rotating stator field and
the rotor decreases as the rotor speed increases. (6)
4.3  Swap (change) any two phases (2)
4.4  In the event of a power failure the system will switch off, and will not restart
until the system is switched on manually by the operator. \V/ 2)
4.5  Once the start button is pressed, \ the contactor will energise and the
normally open contacts will close, including V the hold-in contact (in parallel
with the start button) providing a current path to the contactor coil. V
The contactor will remain energised until the stop button is pressed, or until
the power is removed. (4)
4.6 e Continuity/resistance test
¢ Insulation resistance between windings
¢ Insulation resistance between windings and earth
e Check for exposed wires
e Check electrical connections in the terminal box (Any 2 x 1 W) (2)

Copyright reserved

Please turn over



ELECTRICAL TECHNOLOGY

(SEPTEMBER 2014)

47 4.7.1

4.7.2

4.7.3

4.7.4

4.7.5

P
cos 0
90000
"~ 0,85

=105,88 kVA

P
L= V3V cos 8
_ 90000
~ V3x400x0,85
=152,83 A

cosB =0,85
= cos'0,85
=31,79°

_60xf
p

_ 60X 50
2

=1 500 RPM

S

Ng—N
Slip =%x100%
S

_1500- 1400
- 1500
=6,67%

x 100

Copyright reserved
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Please turn over



(SEPTEMBER 2014) ELECTRICAL TECHNOLOGY 7
4.8 ) L
oL W
D ]
STOP .:g \
o do
STARTV — Hold in
O— ' MC1N/O il
MC1 V
N |
(6)
[40]
QUESTION 5: RCL CIRCUITS
51 5.1.1 X_increases (1)
5.1.2 Xc decreases Q)

52 X|_ = XC
Z is at minimum
Z=R
| is at maximum
cosB6=1
9=0°
5.3 531 _ Vg 100 _
"= R TB0 A
5.3.2 Vg 100 _
IL—X—L - m —3,183A

5.3.3 S
IC — ||_= IT _IR
lc =1’|T2_ IRZ+,

= /4,62— 22+ 3,183

=7,325A

Copyright reserved

(Any2x 1) (2

3)

3)

(4)
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8 ELECTRICAL TECHNOLOGY (SEPTEMBER 2014)

5.3.4 1 Vs N

2mfc IC
_ 100 _
Xc _ﬁ \/ —13,65 Q \/

1
T omfXc v

1
2mx50x 13,65

=233 uF v (6)
[20]

QUESTION 6: LOGIC

6.1 Power Supply

Input/Output devices
Processor V
Programming device V (4)

}_ N normally open contact
normally closed contact

(i, —O—

or

6.2

output v (6)
6.3 Very compact solid state device that is relatively small
Uses about 10% of the amount of energy of a relay system
Long life and less maintenance

Less expensive/Economical

No moving parts, therefore more reliable

Easy to change the program

Fast response (Any 2x 1) (2)

Copyright reserved Please turn over



(SEPTEMBER 2014) ELECTRICAL TECHNOLOGY 9

6.4 .

STEP 1 CHECKING STEP 2 STEP 3 UPDATE
INPUTS EXECUTING QUTPUTS
| INSTRUCTIONS

¥

STEP 1: The PLC reads the inputs via the input interface V
STEP 2: The PLC will now look at the first instruction in the program and

execute it V
STEP 3: After the execution of the first instruction all the outputs will now
be updated accordingly
After step 3 the PLC will return to step 1 and repeat the process. ¥ (8)
6.5 6.5.1 SENSORA | SENSORB | SENSORC | OUTPUT
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1+
1 0 0 0
1 0 1
1 1 0 1+
1 1 1 1+ (4)

6.5.2 F=ABC+ ABC +ABC + ABC (2 marks are awarded for the
correct interpretation from the truth table in QUESTION 6.5.1,
otherwise 0) \W (2)

Copyright reserved Please turn over



10 ELECTRICAL TECHNOLOGY (SEPTEMBER 2014)

6.5.3
A
BC \ for correctly
drawing the map;
00 01 11 10 \ for correctly
0 0 0 1 0 entering logic levels
1
\ grouping ABC and ABC
\ grouping ABC and ABC
\ grouping ABC and ABC
SIMPLIFICATION F=AB+AC+BC~
654 4
| &
B— v
=1 F=AB+AC+BC
A— & v
cl |
B — & W
o
(4)
6.5.5 A B N \
| | | | \
| 1 | ' (F)
| A— C Y
[
1 - | | G | .
I [
(4)
[40]
QUESTION 7: AMPLIFIERS
7.1 e Infinite open loop gain
e Infinite Bandwidth
e Infinite input impedance
e Output impedance =0
¢ Infinite common mode rejection ratio
e Very high stability (Any 3x1\\W)  (3)

Copyright reserved Please turn over
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11

7.2 7.2.1 Open loop gain in OP-AMPS means that there is no feedback resistor

between the output and the inverting input. YV

(2)

7.2.2  Unwanted signals, such as interference \ might appear at the
inverting and non-inverting inputs of the op-amp  are not amplified. v (3)

7.3 +Veo

1

Vi Al

TR1

Vin W

(7)

7.4  When a portion of the output signal is fed back to the input 180° out of phase

with the input signal. \

7.5 e Increase the bandwidth of the amplifier v
e Increases the stability of the amplifier \

e Reduces distortion and noise V
7.6 7.6.1  Summing amplifier v
7.6.2  Audio mixer vV

7.6.3 Vi Vp + V3)\/

VOUT=RF( *R, Rs

Ry

-10k0’2+0'3+0’5J
o (W 1K 1k>

=10V

Copyright reserved

(2)

3)

(1)
(1)
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12 ELECTRICAL TECHNOLOGY

"o

(SEPTEMBER 2014)

Y

10V
(5)
7.7 7.7.1  Hartley oscillator v (1)
772 1
" 2m/LC
\/
B 1
21/ 10%10°°x220%10°° .
= 3393 Hz \ (3)
78 7.8.1
Re
Cn
il
I5:]
Vin W | Vour ~
(5)
7.8.2  Monitoring the rate of temperature change in a furnace. \ (2)
Copyright reserved
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ELECTRICAL TECHNOLOGY 13

7.8.3

79 791

7.9.2

7.9.3

Copyright reserved

! Vin v
Vour v
(2)
+Voc
\ V
Vin = A
Vour
) {
Re |
-VCC
RV
= (5)
Voltage sensitive switch
Have two fixed trigger values (voltages)
Supplies a digital output
Output frequency is the same as input frequency
Used as a wave shaper (Any 3x1\\W)  (3)
Function generators v
Digital counters (2)
[50]
TOTAL: 200
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