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ELECTRICAL TECHNOLOGY

(SEPTEMBER 2010)

INSTRUCTIONS AND INFORMATION

1.

2.

Answer ALL the questions.

Sketches and diagrams must be large, neat and fully labelled.

All calculations must be shown, and correct to two decimal places.

Answers must be clearly numbered.
A formula sheet is provided at the end of the paper.

Non-programmable calculators may be used.
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QUESTION 1 TECHNOLOGY, SOCIETY AND THE ENVIRONMENT
1.1 Technological advancement has an influence on different cultures. Mention
TWO examples where Electrical Technology has influenced your culture. (2)
1.2  Technological skills development is important for economic growth. State
THREE competencies that are required of a successful entrepreneur. (3)
1.3  Mention ONE manner in which disease could be spread at the workplace. (1)
1.4  Mention TWO negative impacts that Electrical Technology has on the
environment and give an example of each. (4)
[10]
QUESTION 2 THE TECHNOLOGICAL PROCESS
2.1 Your loving pet, a small fox terrier dog, was involved in an accident and the

veterinary surgeon removed both its back legs. The dog cannot walk
anymore and you are desperate to try and help the dog by designing a
device to be strapped on so that the dog can move around using its front
legs only. The device must use an electrical motor that will switch on when
movement starts enabling the dog to move easily.

211  Name THREE specifications for the designed finished product that
would solve the problem as stated above.

2.1.2 Describe TWO methods of collecting data enabling you to
understand and solve the design problem better.

2.1.3 List TWO appropriate technological processes you can use to
present and communicate your design effectively.

2.1.4 When designing and building an artefact, what significant role does
evaluating the solution have?

(3)
[10]
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QUESTION 3 OCCUPATIONAL HEALTH AND SAFETY ACT
3.1 Which THREE elements must be present for a fire to start? (3)
3.2 Name TWO precautions that one should take into account when using a
multimeter. (2)
3.3 Explain what safety precautions you would institute in your workshop to
prevent the spread of HIV/Aids. (2)
3.4 State ONE unsafe act that could take place in an electrical technology
workshop. (1)
3.5 State ONE unsafe condition that could exist in an electrical technology
workshop. (1)
3.6 Describe ONE good internal housekeeping rule. (1)
[10]
QUESTION 4 THREE PHASE AC GENERATION
4.1 Give TWO advantages of three phase generation over that of single phase
generation. (2)
4.2 A three-phase delta connected motor draws 25 A from a 380 V supply at a
factor of 0,86 lagging. Given I, =25 A, V. =380V and Cos & = -0,86,
calculate:
4.2.1 The input power (3)
4.2.2 The apparent power (3)
4.3 The wattmeter consists of two coils. Briefly explain how these coils would

be connected to the load and the supply.

(2)
[10]
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QUESTION 5 PRINCIPLES ON AC ON RLC COMPONENTS
5.1 A series circuit consists of a resistor of 25 ohms, an inductor of

5.2

5.3

0,3 henry and a 160 microfarad capacitor. The circuit is connected
across a 150 V, 100 Hz supply. Given: R=25Q, L = 0,3 H,
C =160 uF, V=150V and f = 100 Hz.

Calculate the following:

5.1.1

51.2

51.3

514

51.5

Inductive Reactance
Capacitive Resistance
Impedance

Current flow

Phase angle

Resonant Frequency

" Xt f2ufC

v

Figure 5.2 Reactance of R, L and C versus frequency

Study the figure above and state what effect frequency has on the

following:
5.21 Resistance
5.2.2 Inductive reactance

Explain, with reference to X, and X¢ how you can determine if a series RLC

circuit is INDUCTIVE or CAPACITIVE.
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5.4 Read the following statements and state if it is TRUE/FALSE. Write only the
letter next to the number. (For example 5.4.7 T)
5.4.1 A series RLC circuit can have a higher voltage than the source
voltage across the resistor. (1
5.4.2 The impedance of a series RLC circuit is dependent on the source
voltage. (1)
5.4.3 The total reactance of a series RLC circuit at resonance is zero. (1)
5.4.4 Atfrequencies below resonance in a parallel RLC circuit, the
current lags the source voltage. (1)
5.4.5 The resonant frequency of a parallel circuit is the same as a series
circuit using the same components when Q is very low. (1)
5.4.6 In a parallel RLC circuit, the total impedance is always greater than
the resistance. (1)
[30]
QUESTION 6 SWITCHING AND CONTROL
6.1  There are four major devices in high-power rectification; two of those are
the SCR and the TRIAC. State how the TRIAC differs from the SCR. (4)
6.2 Explain briefly how the DIAC operates. (4)
6.3 Draw fully labelled symbols for the following:

6.3.1 DIAC (2)

6.3.2 TRIAC (3)
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6.4 Study the following figure and answer the questions that follow.

R4
: Z SCR
Ra
Vsupply ®
—L . "D
€ ® Rload

6.4.1 Answer TRUE/FALSE:

This circuit is a TRIAC light-dimming circuit with a trigger circuit to
adjust the firing angle. (1)

6.4.2  Fill in the missing words:

The angle from the start of a cycle to the point of triggering is called

the ... and the angle during which the SCR is on is called the ... (2)
6.4.3 Mention the process of controlling the voltage across the load (1)
6.4.4 Mention the function of the RC circuit. (3)
6.4.5 State the effect of Ry in the circuit. (2)
6.4.6 State the effect of Ry in the circuit. (3)

[25]
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QUESTION 7 OPERATIONAL AMPLIFIERS

7.1

Various options are provided as possible answers to the following
questions. Choose the correct answer and write the letter (A — D) next to
the question number. For example (7.1.6 B)

7.1.1  The purpose of a comparator is to:

A amplify an input voltage.

B detect the occurrence of a changing input voltage.

C produce a change in output when an input voltage equals a
reference voltage.

D maintain a constant output when the dc input voltage

changes. (1)

7.1.2 To use a comparator for zero-level detection, the inverting is
connected to:

A The ground

B The dc supply voltage

C A positive reference voltage

D A negative reference voltage (1)

7.1.3 The feedback path in an ideal OP-AMP integrator consists of a:

A Resistor

B Capacitor

C Resistor and a capacitor in series

D Resonant circuit (1)

7.1.4 The feedback path in an OP-AMP differentiator consists of a:

A Resistor

B Capacitor

C Resistor and a capacitor in series

D Resistor and a capacitor in parallel (1)

7.1.5 The OP-AMP comparator circuit uses:

Positive feedback

Negative feedback

Regenerative feedback

No feedback (1)

oo0Ow>



(SEPTEMBER 2010) ELECTRICAL TECHNOLOGY 9
7.2
g +Vee
Vy A
vuut
Vo T ¥ -Vee
i il ov

7.3

7.4

7.5

7.6

7.7

7.8

Determine the output voltage of the OP-AMP in the figure above for the
following conditions:

721 IfVi>V;,

722 IfVi<V;y

723 IfVi=Vy

State THREE characteristics of an ideal OP-AMP.

Mention THREE practical applications in which transistors are used.

Why is it necessary for an OP-AMP to be supplied with both a positive and
a negative power supply?

What is the difference between the inverting and the non-inverting inputs of
an OP-AMP?

Name TWO advantages of negative feedback in OP-AMPS.

State THREE advantages of negative feedback with reference to amplifiers.

(3)
[25]
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QUESTION 8 THREE-PHASE TRANSFORMERS
8.1 A three-phase transformer with 3 500 turns on the primary is connected in
delta-star to a supply voltage of 4 000 V. The full load line current on the
primary is 20 A when the secondary line voltage is 380 V and the power
factor is 0,9:
8.1.1  The secondary phase voltage (3)
8.1.2  The turns ratio (3)
8.2 There are various methods of connecting the primary and secondary
windings of Three-phase transformers. State THREE. (3)
8.3 Mention THREE losses that occur in transformers. (3)
8.4 State TWO disadvantages of autotransformers. (2)
8.5 Overheating in transformers can be prevented by using various methods,
mention ONE of these methods. (1)
[15]
QUESTION 9 LOGIC CONCEPTS AND PLCs
9.1 The PLC is CHEAPER and ECONOMICAL for a control panel with more
than ten relays. This is one of the advantages of the PLC. Mention THREE
more advantages of PLCs. (3)
9.2 There are basically THREE types of programming languages used for PLC
programming. Name these THREE languages. (3)
9.3 Write down the question number and draw the corresponding symbol of:

Circuit Diagram Description Ladder Diagram
Symbol Symbol

Normally open switch or
other type of normally open
device used as input to the
PLC

9.3.1 9.34

Normally close switch or
other type of normally close
device used as input to the
PLC

9.3.2 9.3.5

Relay or other type of
9.3.3 device used as output from 9.3.6
aPLC
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9.4

9.5

9.6

9.7

9.8

Develop a truth table for this Boolean expression:
Output = ABC + ABC + ABC + ABC

Using Boolean algebra techniques simplify the expression in
QUESTION 9.4.

With reference to the truth table for the Boolean expression in
QUESTION 9.4 above, draw the following:

9.6.1  The logic gate network that would represent the simplified Boolean
expression in QUESTION 9.5.

Sequential logic systems are combination systems with some of the outputs
fed back as inputs. The simplest sequential system is multivibrators (flip-
flop). Mention TWO types of multivibrators.

Mention ONE key characteristic of each of the multivibrators in
QUESTION 9.7.

QUESTION 10 THREE PHASE MOTORS AND CONTROL

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

Name THREE tests that must be performed on the windings of a new
electric motor before its put into operation.

Mention the TWO factors which determine the speed of an induction type
alternating current motor.

Explain how the direction of a rotation can be changed in a three-phase
motor.

Briefly explain the operation of an induction motor.

Mention FOUR examples of safety devices that could be included in the
safety circuit of a motor starter.

What is the purpose of the no-volt coil in a motor starter?
Briefly explain the star-delta starting process.

Electrical motors have internal losses which can be categorized into three
types. Mention TWO of these categories.

Why is star-delta starters used to start three-phase motors?

TOTAL:

(2)
[33]
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ELECTRICAL TECHNOLOGY

FORMULA SHEET

Z = VR2+ (Xl =Xc)? Vr=ItxR It=Vt/Z

Z=VR2 + X2

Z=VR2 + Xc?

VI =1t x X Ve = It x Xc

It = Ir2+ (Ic =Il)? Ir =Vr/R I=Vc/XlI lc=Vc/Xc Cosd =Ir/lt

Xl=2mFL Xc =1/2nFC

P=VxIxCosd Cos@d =R/Z Tan @ = Xl - Xc/R Cos @ = P/VA

P=12R

lact=1xcos J

Star
II=1ph

VI =3 x Vph

F = Pn/60

Ireact=1xsin @

Delta
Il =3 x Iph

VI = Vph

P=+3VIxIl xcos @

S=V3xVixll

VP/Vs= NP/NS = |s/|p or/of V1/V2 = N1/N2 = |2/|1

Efficiency = Output/Input
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