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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 numbermg system used in ’[hlS question
paper. 3 3 -

4, Keep subsections of questions together for exampte QUESTION 1. 1.1, 1.2,
et cetera. N

5. Rule off on completion of each questten

6. The correct information. must be copled from the question paper and to be
substituted for the correct symbot

7. Sketches and dlagrams must be done in pencil and must be neat, reasonably
large and fuﬂy labeﬂed ‘

9. The answers must be rounded off to THREE decimal places after the comma.

10. Use the correct units for answers.

1. Wnte neaﬂy and legibly.
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QUESTION 1
1.1 Name and explain THREE methods which are employed to improve
commutation. (3x 2)
1.2 Briefly explain and give the function of the following terms as applicable in
DC machines:
1.2.1 Lap-wound
1.2.2 Wave-wound {
S g2 X 2)
QUESTION 2
2.1 Define the term armature reaction.
2.2 Briefly explain how the windings,aarke 'EOnh‘ected‘n; irjjfévylong shunt compound
motor.
2.3 State the purpose of commi)tatidﬁ“ in the following machines.
2.3.1 A motor g 5
2.3.2 A generator
i, o (2x1)
2.4 A 6-pole machine haﬁs’\,\a Wéiié—wound armature with conductors per slot. The

Copyright reserved

flux per pole is 18 mWb and the EMF generated at 660 /min is 109,33 V.

E}étezmineﬁy ‘the‘féféi‘h‘dmber of conductors in the armature.

(6)

(4)
[10]

(2)

(2)

(4)
[10]
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QUESTION 3
3.1 Name ONE application of the following types of DC generators.
3.1.1 Differential-compound generator
3.1.2 Compound generator
(2x1) (2)
3.2 Draw a circuit diagram of the following DC motors and clearty show the
directions of the current flow through the circuit.
3.2.1 A long-shunt compound motor
3.2.2 A short-shunt compound motor
- (8x2) (6)
3.3 A 220 V, DC generator has an armature resistanee}ot 04Q
Determine the generated EMF when the"armamtefettttéﬁt;ts 35A. (2)
s [10]
QUESTION 4
4.1 Draw a neat, labelled sketch of a face ptate starter for a shunt motor. (6)

4.2 Determine the back EMF (m k\!) generated in the armature of a 440 V,

DC motor which has an armature circuit resistance 0,2 Q and a load current
of80A. . . (4)

[10]

QUESTION 5

An output vottage cf 210 V at a current of 130 A, is delivered by a shunt generator.

The armature and field resistances are 0,085 Q and 70 Q respectively. The no-load
current is 3,545 A.

Determ'itte;the f,et'tewing:

5.1 Sh‘dht current (2)
52 Armature current (2)
5.3 Efficiency of generator (6)

[10]
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QUESTION 6

T480(E)(M30)T

The following ordinate points are read from the even wave of an alternating quantity:

i,=38A4;i,=58A,;i,=794,i,=98A4;i,=116 A;i,=104 A;i;=914,i,=72 A,

i,=16 A;

i, =52 A;

i, =31A;i,=14 4.

Determine the following:

6.1 Average value

6.2 RMS value

6.3 What is the maximum value of the alternating quantity?
6.4 Form factor

6.5 Crest factor

QUESTION 7

(4)
(1)
(1)
(1)

[10]

A 300 kW, three-phase, AC motor is Cennected m deita and the supply voltage is
380 V. The power factor is 0,96. o

Determine the following:

7.1

7.2

7.3

7.4

The phase voltage
The line current of the metor

The phase current of the motor in KA

-What is. the value of the angle in degrees?

Copyright reserved

)
(3)
(3)
(2)

[10]
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QUESTION 8

8.1 What is the colour of silica gel when it is dry? 2)
8.2 Name TWO types of components where energy losses occur in a transformer. (2)
8.3 A single-phase transformer has 55 turns on the secondary winding and is

connected to a 210 V supply. The output voltage is 70 V and the. pnmary
current is 300 mA.

Determine the following:
8.3.1 Primary number of turns
8.3.2 Secondary current in amperes

8.3.3 Secondary VA, if ALL losses are lgnored

(3x2) (6)
[10]
QUESTION 9
9.1 Give the value of the followrng measunng mstruments
9.1.1 The usual faﬂ—scale deﬂectron of an ammeter connected to a
current transformer l
9.1.2 Qutput vol‘rage of a potential transformer
~ ‘ L (2x1) (2)
9.2 Draw a neaf‘ label‘lea"s}(etch showing how TWO wattmeters can be used to
measure a three phase circuit. (2)
9.3 A current of 75 MA gives a full-scale reading on an ammeter with a resistance
~ ”of 15 Q
r,;;g,peterm;ne ;fhe resistance values of the shunts to be used if:
931 3 A flows through the circuit
9.3.2 1 A flows through the circuit
(3x2) (6)
[10]
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QUESTION 10

10.1

10.2

10.3

10.4

Briefly name ONE function of the following components:

10.1.1

10.1.2

10.1.3

Transistor
Diode

Silicon-controlled rectifier

Briefly explain a positive ion.

Give TWO functions of the cathode-ray oscilloscope.

Determine the number of possibilities for the followiﬁg;

10.4.1

10.4.2

10.4.3

Tighl reserved

A four-input gate
An eight-input gate

A three-input gate

T480(E)(M3O)T
| )
)
Bx1) (3
[10]
TOTAL: 100
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FORMULA SHEET

Any applicable formula may also be used.

1.

2.

10.

11,

12.

13.

14.

15.

E=V-IR

E=V+I,R,

E = 2002V

60¢

s
K

03181, Zp®
C

T=

Vi

Efficiency = x100%

VI+1, R +IV+C A

vi-(1? R, +1 V+C)

Efficiency =

i
Efficiency = ﬂ—%v‘—/}-ﬁ-)—r 100%

Efficiency = |- 1, xm%:,.,

e= E Slnzm‘t

¥ Sm.?uff
€. Ori,, =0,637E, orof I,
e, or =0,707E,, or/of I,

”718

_ b Te e te ++e,

ave

I

iy i ot

Tave T

143
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rms

2 2 2 2
16 E __\/el +e, +e, +..+e,

n

s

17. Form faclor =

18. Crest factor =

20. X, = 2ufL;

21. X, = 2ufC:

23. Tan Hz—&;
R

24. V,p=1xR; -

E 1

i

.2 .2 .2 .2
L LT o

n

5 RMS
msor

ave Lave

&y
[

m O r m

VL= I XXL, V‘:”(;: IxXX.

25, 7 = \/Rz+( Xi-—Xc)’, 7o \/ R 1(X.—X,)

26. -Tan“e_——\-

27. P=Vxl:

28. P = VICos@

29. Coso=X.
z

30. 1 =[Cos@;

active
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XL—XC TanerC— 3

X,
R

P=I‘R; P

H
x|

Cos 9 = w
VA

| = [Sin@

reqctive
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31. P=VICos 8

Q=VISin6

1
32. f =
" 2xLC
2 2 IL
33. I=4I,"+1,”; Tan8 = =
[R

2 2 Iw
34. I=4I,°+1.°; Tan® = -£

R
2 ) I -
35. lz‘/IR“_!—(IL—[C)k; Tan® = LI <
R
; - I
36. 1=I, +(,~1,); Tane=lc L
R
37. Cosez—{f—
I
38. VL:V,); iL:\/glp
39. Vllz\/gvp; 'L: ]p
40.  W=BV,I,CosOxn.

a2 kva=Nh
T 1000

43 Vsimnt : Vmewr ; i s RS =1,R

n m

44' '1':‘[;11+[5

45. I,=-—+*
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ELECTRO-TECHNOLOGY N3

GQUESTION 1

1.1

INCREASING THE BRUSH CONTACT RESISTANCE/CARBON BRUSH v

By using carbon brushes the contact resistance is increased and
commutation improvedv

SHIFTING THE BRUSHESv

To improve commutation either in generator or motor, the brushes will be
moved forwards or backwards.v

INTERPOLESY

Small poles placed between main poles are used to ensure sparkless
commutation at any load.v

COMPENSATION WINDINGS v

Are connected in series with the armature and ampere turns vary with the
load but this is an expensive method.v

(Any 3 x 2)
1.2 1.2.1 Lap-wound is an overlap or parallel windings with two ends of each
coil connected to adjacent commutator segments.v’
FUNCTION ~ is used to carry high/heavy current or low voltage.v
1.2.2 WAVE-WOUND - is not connected to adjacent commutator
segments but to segments a certain distance apartv
OR
Wave windings are such that only two parallel circuits are formed.
FUNCTION - is used where low/medium current or high voltages
are requiredv’
QUESTION 2
2.1 It is the distortion of the main magnetic field vas a result of the current flowing
in the armature conductors.v
OR
It is the effect of the armature ampere-turns upon the value and the
distribution of the magnetic flux entering and leaving the armature core.
2.2 A long-shunt compound motor is when a series field coil is connected in
series with an armature and connected in parallel to a shunt field coil.v
2.3 2.3.1 A motor commutation is to provide a difference in polarity between
the armature and the field in order to produce motion.v
2.3.2 A generator commutation — is to produce a steady voltage which
remains constant.v’
(2x1)
Copyright reserved

(6)

(2)

(2)
[10]

(2)

(2)

(2)
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ELECTRO-TECHNOLOGY N3

2.4 Given:P =3; C=2; ® = 20 mWb = 0,018 Wb; N =660 r/m; E =109,33 V
Total number of conductors in armature = ?

E= 2pDZN
60C

7= Ex60C
2p®ON

109,33 Vx60x2 S

2x3x0,018x660

= 184,057 conductorsv

v (Making Z the subject of the formula)

QUESTION 3
3.1 3.1.1 Differential-compound generator — is used as a welding generatorv
OR
Carbon arc search light generator
3.1.2 Compound generator — is used in a generating station which is a
distance from the load.v
(2x1)
3.2 3.2.1 0000,
sh
‘ ISQ F:3
4 IL
© o
LONG-SHUNT COMPOUND MOTOR
(1 mark for correct direction of current; 2 marks for sketch)
3.2.2

SHORT-SHUNT COMPOUND MOTOR
(1 mark for correct directions of current; 2 marks for sketch)

(4)
[10]

(@)

(3)
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3.3  EMF[E]=V+] R

u a

= 220 V + (35 A x 0,04)
=220V +1,4 Vv
= 221,4 Voltsv

QUESTION 4

4.1

A FACE PLATE STARTER FOR SHUNT MOTOR
(4 marks for labels and 2 marks for sketch) (6)

4.2 Back EMF[E]=V -] R v

a a

=440V - (0,2 Q x 80 A)v

=424 Vv
= 0,424 kVv
QUESTION 5
5.1 lmzl - 210V v
o R, 70 Q
=3AvV
5.2 l,=I,+1, =130 A +3 Av
=133 Av
Copyright reserved

T480(E)(M30)T

(2)
[10]

(4)
[10]

(2)
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53 Efficiency [n] = . VI —x100
VI+I R, +1,V+I1V

_ 210V x130 y
((210V x130 A) + ((133)* x0,085) + (3% 210) + (3,545 X 210))
_ 27 300 W 100
27 300 W +1503,565 + 630 + 744.45
27300W
30178.015
= 0,90463 x 100v
= 90,463%v (6)

[10]

100 v

100v

ONG

6.1 . LoD, +i, .+
Average value [i  ]= 1 —2—3 n

n

__(16+38+58+79+98+116+104+91+72+52+31+14)A/
12

769 ,
12
= 64,083 Av (3)

6.2 AR SR T AT

RMS value [i,, 1= \/

n

_\/163 +38% +58° +79° + 98> +116% +104% + 912 + 722 + 522 + 312 + 14 .

12
_ /62507/
12
= /5208917 v

=72,173 Av

(4)
6.3 116 Av (1)

o

6.4 Form factor

|

ave

Copyright reserved Please turn over



MARKING GUIDELINE -6-

I
6.5 Crest factor = —mx
1164
72,1784
=1,607v
QUESTION 7
7.1 Indelta: V,=V, (In delta connection)v
V,=380 Vv

7.2 The line current of the motor: Power = «/§VLI . Cos@

| = 300 000

" J3x380V %096
= 474,795 Av

7.3 The phase current of the motor: l,= 7’%

_ 474,795A y

V3
=274,123 Av
= 0,274 KAv
. 360° . .
7.4 Angle in degrees: 6 = (Three-phase alternating quantity) v
@ =120°%
QUESTION 8
8.1 Bluevv
8.2 e Winding lossesv
e Core lossesv
8.3 8.3.1 Ny v
7\75 v,
Primary number of turns N, = 55 XE}__QK_/
A%
= 165 turnsv
Jhuhl reserved

ELECTRO-TECHNOLOGY N3

T480(E)(M30)T

(1)
[10]

(@)

3)

(2)
[10]

(@)

(2)
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Vi _ 1L,

V2 [1

|, 210V X034
70V

=09 Av

Secondary volt-ampere = VI
=70 volts x 0,9 Av
= 63 VAv

Current transformer = 5 Av

Potential transformer = 110 Vv’

T480(E)}M30)T

(2)

(2)
[10]

(2x1) (2)

TWO WATTMETER INSTRUMENT IN THREE-PHASE CIRCUIT
(2 marks for correct diagram and wattmeters) (2)

8.3.2
8.3.3
QUESTION 9
9.1 9.11
9.1.2
9.2
9.3 9.3.1
9.3.2

Copyright reserved

V.=v

IR, =1 R

m=m

R = 0,075x15 y
© 3-0,075

- L125Vv L,
2925 A
= 0,385 Qv

I R

R —_ 2T

¥ ]S

0,075x15 S,
1-0,075

_ LI25V L,
0,925

=1,216 Qv

(2x3)  (8)
[10]
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GUESTION 10
10.1 10.1.1
10.1.2
10.1.3

10.2 POSITIVE

10.3 e To stud
e Tomesa
e Todiag

104 10.4.1
10.4.2

10.4.3

Copyright reserved
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Transistor — as an amplifier OR switchv (1)
Diode - as a rectifierv (1)

Silicon-controlled rectifier — (as Speed conitrol, time-delay circuit,
battery charge, heater controls, relay controls, regulated power
supplies, static switch and phase control) (Any 1 x 1) (n

ION — is when an atom lost one or more electron(s)vv (2)

Yy wave shape of alternating current and voltage
Sure quantities such as voltage, current, power and frequency
nose and monitor electrical and electronic systems (Any 2 x 1 ) (2)

A four-input gate has N = 2*
= 16 combinations

An eight-input gate has N = 2%
= 256 combinations

A three-input gate has N = 2°
= 8 combinations

(3x1) (3)
[10]

TOTAL: 100



